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SUMMARY

I. Project Title

Study on Institutionalization of Risk-informed and Performance-based
Regulation (RIPBR)

II. Objectives and Necessity of the Project

In the past, the safety assessment for a plant design has been performed
based on deterministic-analysis. The nuclear regulation also has been
developed in deterministic basis and implemented by prescriptive requirements.
It has been pointed out that those regulatory approaches have disadvantages of
preventing effective use of regulatory resources and voluntary management of
nuclear safety by utilities. =~ The USNRC has developed and implements
Risk-informed and Performance-based Regulation (RIPBR) for improving
existing regulation. The RIPBR is known to allow (1) to strengthen the
regulation in the areas of high safety significance and weak performance, (2) to
improve regulatory efficiency and effectiveness through proper allocation of
resources, (3) to reduce unnecessary regulatory burdens, and (4) to encourage
utilities to assure safety voluntarily and creatively. In Korea, the policy
statement issued in 1994 suggested promoting the safety regulation based on
risk as one of the directions to nuclear safety regulation, and risk-informed
techniques have been partially utilized for safety assessment in several areas.
Recently, it becomes necessary to find a way. to improve regulatory efficiency
and effectiveness in order to cover the increasing regulatory needs in Korea.
Also, the utility has optimized design and operation of the plant using PSA
insight and equipment performance information. Despite of the necessity of
adopting RIPBR, it is needed to pay careful attention to minimize regulatory
confusions and trial and errors due to adoption of new regulatory approach.
The objective of this project is to study how to adopt the RIPBR in Korean

nuclear regulation as part of streamlining and optimization of nuclear safety



regulatory system.

III. Scope and Contents of the Project

The study consists of establishing basic directions and principles for the
adoption of RIPBR in Korea : identifying candidate items for the establishment
of RIPBR model, assessing the identified items, selecting the optimal model for
Korean RIPBR system, and establishing the milestone to implement Korean
RIPBR model. The decision-making on adopting RIPBR into Korean regulatory
system is based on the feasibility study in the aspects of technical matter,
streamlining of regulation, maintaining consistency in safety management,
cost-benefit and public acceptance. The candidates for RIPBR model are
identified by the review of Korean and international experiences and practices
on RIPBR.  The candidates are subjected to assessment against several
screening criteria. The implementation plan is set up under consideration of
priority of the screened items. The project scope also includes the
development of draft policy statement on RIPBR and relevant draft regulatory
guide for implementation of RIPBR.

IV. Research Results

(1) From the assessment of feasibility for adopting RIPBR, it was found that it
is necessary to adopt RIPBR in order to manage the nuclear safety in an
integrated and individual manner, to improve existing regulation, and to

reduce unnecessary burdens to utility.

(2) Three basic directions and ten principles that are essential to implement

RIPBR model were suggested based on the feasibility assessment.

(3) 27 candidate items were identified based on detailed assessment and 24

items of them were selected to be included in Koran RIPBR model.

(4) The implementation plan for 24 items is set up, which includes a definition
of the item, technologies to be developed, the Ilegislation, other

considerations, and a milestone for each item.
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(5) Draft policy statement on the use of risk information and relevant
regulatory guideline were established for implementing the models in a
consistent way. Organizing study group that represents each organization
involving RIPBR activities is one effective method to maintain consistency

and efficiency in the use of risk information.

V. Suggestions for Application

It is expected that the implementation of RIPBR models based on the results
of this study will contribute to enhancing nuclear safety by effective allocation
of regulatory resources among various regulatory activities based on risk
insights and by much focusing of the regulation on the weak performance
areas of plant. The RIPBR will also enhance effectiveness and efficiency of the

Korean regulatory review and inspection system.
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7k AA71E AL S} FUALR

AA 71FALT (Design Basis Accidents) ¥+ ¢HAd) £83 AF, 7]17), +2

g9 4ANE (BAN%, 23ABEY, LD 5o J1eAAed) & 45
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AT FHARL 7]A (Initiator) ole XA A 71T #3144, ECCS &
AT FAO B LOCA, g 44 ol Eddnh. AAVE Atnst

o] S B Az B EAgel B 1-1¢] mlaHe] glew, A,
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2t A3 F A% BE 71 FA[1-6]

T3 A (Prescriptive Regulation) & JFA|e] EXE o]F 7] ¢8|
TAt Gl dEEE ZHE GAY 2459 AY A AA, A4, -, A A
o] RE 9AS O dAdA Zsste AE 84 E)d tste FAHo|n AFFH
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L3 o P Ade] 2Aee 7S A Ead (10CFRS0 App. R),

F&7] FAHEAE (10CFR50 App. ] Option B) 8.2, AT g_g;l‘g
HEAE) $¢ AT AME 5 4 o SRALLAANT (B
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BHNA FlEde AT BE €1, ARAA, 714 BAE FARID A
SEEE 2o38a (95% Diesel Reliability) SX g4 WH-S ALEA A&
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AAZE et g o ALY o ke g9y A =dE o8
g 5 U
-4 TR A B AL v
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o FH Aol MEH MWaA HH ° gi%&% =371 AsAR
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- FAAE 2oL ¥ AAAS - 2T ASAR 449
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o 27o] " Folx) Rete] BEH o AAAS) FelHoln HEHY
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c AAE S FEI} FHAY £ AR F1E/ AR o
5 A | 27 AE st FAH FA Aol
- &9 YgFEE AL 83 349 A A&

2. AA=ARAA S A9 ANF[1-7]

7t A= 7

A¥8x (Risk) & Al#(Longman Dictionary of Contemporary English)d o =
= “ The possibility that something bad, unpleasant, or dangerous may happen” &}
I Aol e, vjx gla=a B4 83] (SRA: Society for Risk Analysis) &
YAlo]E Lojsdo) M= “Risk : The potential for realization of unwanted, adverse
consequences to human life, health, property, or the environment; estimation of risk is
usually based on the expected value of the conditional probability of the event

occurring times the consequence of the event given that it has occurred”
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(Wwww.sraorg/gloss3htm) 3 =Hol ot  fuet YPRIAPIANE HE
(Risk, Peril) o] A¥tHoz 228 WAAZ b5l & Ao T 1 &
Ao Aol BEHEH g Lt (wwwkliaorkr - HBEY §olsid) g A
1 lom ZA HPAZ ¢HAEF (OHSAS : Occupational and Health Safety
Standard) 18001 oM<= “ABAsHU AW, AAESY, BAEY T 89 &
AL Fee A dod IANE AR Qe APl AuH” Fa F 3}
gl ojAY Y=Y e Foprtth oty g2 AW, &4 EE
&2 7hed B AAY & FF5HeE sty itk FALAHI|F &
o]3f 43 (IAEA Safety Glossary, Working Material, Version 1.0, April 2000) &
I AFHA FTHEE /IR AEEE “A multi-attribute quantity expressing
hazard, danger or chance of harmful or injurious consequences associated with
actual or potential exposure” 23 Aol Yt}

ARG} o YINE FRER e DA BEHAT ATk A=A HF
37 H 5% (Environment Protection Agency) olX& Algo] 3t} o]ite] ~EH
2 29 (Stressors) o] kEHE A B4 + YE AHSH xSl BAY
Ae 7HeAE Histe 49 2EH22 AT AHFH AI= Bt
(Ecological Risk Assessment)& AAI3t1 lom, FFoxes AFANE ZENT
I AFBY T YA EA uAEE H3E WIS =8ty EEsta
Ao R g Zwata Aa Zopd & AMHEA HEILEC A3 93
A7 st Asid, A%, 8Vt eE ARFE §& THHLE Frtste
H Z8&stn lon), Fxw i BHrt 2 VE Jiddx AEEHNE FA
T o uwld FAPALEA | FHE = PSAM (Probabilistic Safety Assessment
and Management) St&th3]= thg3 22 Topic #oFE AAsIY T4 BH 9
HEx: 2 FEEH Hutd 38 EYE £Y3 Ut

N

° Aviation and Space

° Environmental and Sustainable Development

o

Risk Assessment in Transportation (land, maritime)

o

Biotechnology and Food
° Insurance and Finance

Medical and Health

a

o

Security (defense, national, facility)



=

° Information Technology and Telecommunication &

G4 9GN] 71&3HA A% 7}

U A AFe vie} Zo] YPT =9oe AT 2dH A LA JbE

d = ZAA, a2da &4 £ &40 I8 EFHeE ¥Estn At 4

AYEoFAME FARIA HIEE PApdez QA% BATSH qaddetn s,
o] tF9 3t 8AEA HHE3 gt

o 5 °] ZAEE 4 97} ? (What can go wrong ?) — AlUgle (dole
7FeAdol e A e AEH 2F)

O 2 7154 drhy g7 ? (How likely is it 7)) — A5 && 2 8
AP 2 g3t

O 1 A7 (9%) = ? (What are the consequences ?) — Al G E (YRIF
oA 71X+ R{EEH)

Oh‘ 52,

AYE Brie PSR A% A (FF), WAE, AT FEHE & ol
7] 918t A7) ¥ 33U 84 FE AAFSE /&3] 4% HHoRA o] H
ZI2RE 283 AUgert s&"Ht. AAHEF 2] (Deterministic Analysis)
AXE AFE H7he 30} 84 F Alvele, An9FE T AT 2HSHER 4
A7 e ANE AF3A 23t FEEZH )4 (Probabilistic Analysis) o
M BEYF 271AA (Initiating Event) & |t 1 LAREE ALbsiH,
AdeEl el 9FE A8t RITE 1 fI=E AAsed ol FEEH
A AdH 7t (PRA : Probabilistic Risk Analysis % PSA : Probabilistic Safety
Assessment) 23 @tk olg@ WE B3 dolAE AT FuoE TL
FEEo| TET-

83 At 9 (Risk-significant Sequence)
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AW % (Core Damage Frequency : CDF)
Z7|%2& "% (Large Early Release Frequency : LERF)
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Curve (A EE XHEAAL) 5

o O O O
o o m>

[e)

N

O
a i
@,

S

_12_



Y. A=A 71a A2 AAd[1-8]

g Eolg o FF A4 O FALAol FHEH FAR
H 99EYR 88 FAEZ, F44 FAZRY 4579 FA2 ¥sstn
o8 23 AFEARAS797A RIPBR) o £¢L 448 4 At 938
ERRAEIN FAE 4300 49 2 ARARE A§S TIY FAHHY
Y 5 /1R dHYHS wgow, 9Y=Pus 450 5 4% YuE B
zHo2 ASIHE FAYROZN TR ge 53¢ o

AtEAE (e dv) o 45E7E A% AaE Ve 4%
3 2 A7bed) Ak RS
THAISA 29 144 Z2AZAN FAQRTE dH 2He =
A3E 4571F F=54 oA AdE AFHE DFIAY B UF

O O O O O
oX,
olr
)
>
il
&

a% 13¢ BAEH FA, AYARFA, FHH FA 2 4578 FAsk
A AY=HRAFINFAL 94X 4502 dehhn ok
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RS &z (g} HEz7|Ek
TEA Hso|Ht
A THH|
What is ez ,// HE=yE |
Important ? ' =3} e 4718 #H
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F8Y 7 How t0 M1 7
(B ZA) — \Implement ? OHHSA)

¥ 13 ATy Z5dA 2 AEEARR - At A



3. PSA 7]&

AE=AE &8 A AN FEEHAHAAAHY7 (PSA) © 7 FAAAY
Zleoltt. WA, #¥ HIAEAE &8 FAELY =99 AN F JIE
gHopgE APzxdelgt & 4 Stk o] y|&o] FF FrEojof T a—r
Z1eo) Ak, &84 A, EAA Fol EAY  3lemR, F ey £/ ¢
gyt Mg Zegdr &, o) ol§% A78F 3 oLy EAYE U
o A Al g}

O

r)v
Lo

7k PSA 71&AA, N&FE, 7143 @A, AFALE}

PSA & 1¥ 1494 RE H}9Jr 2ol F 394 BHAAZ FAHY, 1
A=AEdB7h, 28AFHRAE 4% R PASTEE) L 3TA(RIEA
NEG7he Bt z}x}% 2 @e 7)&E0] Avet AF ARl B4
(cl: 3FLATF F2)ol wet LOCA, A=A S YRAAREHT A7, 8
5o gRAEsos TEEY, Aw_ FAS wAL AW/ A2 F9 et

olr F-Yl

O

ZIEs WR-E FRST . @A I PSAE ﬁLxﬂH B el A 4;33301 A
HadE WASL glo] RIPBR A 2848 Eoj=ug Bn HHsd 3
7Hase) BE =o] g7En. 39 PSA S Bag JEH Ve =D
Rt glov, hr1gd 37t F vt Add we 713 54 w9 V1€
ol BT/ &F W T 1T F JE Ve BEY Adon E f2Y
Bl I/ A & t :
HE o] A &

PSA 7leeo] #Aste dxtg tduele $8F =7EM 4TS st YA
YEHEe 7led AE 23 g S 939 1f AHE AsE RIPBR
48] EAQd T1ExAg AT EAL 3F 7)Y
€ F4 5o Ao} AV At BFE AHLF 4L
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Heol EAFG. ZbF PSA (53] JRAd & AA/AEY) ZAFAAA dF &
Ede] 2344 248 dAxog HAFdn FFs T F e Jed AT
ow, olz s A= FR BHAH i =d& gt PSA 3
RN AT A= A FGgol 7€ o, A8 e Y of3fd we
Aoz A AFHA FAH 71M A& AAZ /b B0 8ol ok
o] B AE7H HEAAE BT Bl Eded AR E ARV} JDL

2vE FBHQ FEEEE 33t AAFT 2AHA slgd #A7 EA)

ol#F &3 AdE EFIn I d7NE &Fo] FIHL AT
= BE o]&S A% VNV|E FHERA, GAXNER HF, PSA RFEF, 7
ZINEEEY, E4IE (194, 294, 394 T PSAZE=E H #8 AFEcE I
=) o] FREo] gon, 194 PSA Hr7|eRor2A, WRAAH) A
AHEEAY, TTAJRZEY F9 Q77 Fd=Hen A FHHHE A
For2 A, 9P =7A A (risk monitor), AHE=F AU 7|& Fol g A7 Lo
A8 Fo o, 7et Z4F 294 PSA, 394 PSA, AX/AEE [ FY
7o W AF7F JPHT Uk A AFNEECFREE PSA AAHolA
%, Precursor ¥4, Digital 1&C A =84, 27 4% &4, T3 AFe B4,
H5A%E A= B4, 717 A= 4F 7 Fo] FFHR AU =9 Fo
At

o)
A

Y. PSA &899, 7Ida3, ZAH

PSA 7]¢-& RIPBR #H-49] o] @A4% ZwoiE F2 197 PSA 1
I okzte) 29 PSA AHs} olgETh ok F= HEY AHoIMe WAL
X A#s} o] HAT, LS EA A FA) PSA Aus FEHE 5
=4 At w BA Robe) PEARI a7
A 714 A7edoz A A 2 AFd HNE 9FL FFHos
& QA BT ME A5 AYEFEL ANE & ASE Huz AA
b et LE o FRins AL wASEd B4 Pssth 717
A% ol FnE i LANHA Fu, YuELY 20 L 98 T4
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—Lzrayﬂ PSA 2k =7|§& YT (LERF) |

Al

A | WA= AL PsA | - SR F| M-I (FIVE) |
P 341 (SMA)
S i
A
5 - — A& |
A Eé%‘ —HaY WE/) | Y AiEE el |- Risk Monitor |
=
— IxI/M&% | Shutdown Risk |
— ZE8iol nEEs [ R ECE
al =13
[=] o
S H ezaas 2y 8 Ansz @ot
= ogs/eunay 2N | NRESTEET.
&
| HEAE MalE
=1
ES
— S YIIR= CAY) | A H =%3t Psa
7] 2]
ut — SlAIEIRAE It | & [ CIx|g 1&C PSA
I = 8l rex
. — A=I=/0188/A2 DB | S 55 psa
= b ]

— PSA EZX/E3 |

flEc-yE 88 A XAHo|s

—| FIH=YR 88 5187|F] YCHE BB 2H
=53}

N g2

— YHUETRES oAHH |
— AHEYE MSKE |

AL/ HAL "H| =X 3}

1Y 14 PSA 5371 AA



FrlMoze AW 99 S50 PSA A%E LY, WE-UY SN A
a7t btz 4dAe A4 P slds Bk

a8y, 94280 Sol@ A4S (24 CANDU), §¥=87} /HgAe, 22
2 AN Aolgo] wgHolol M, A/ AE&Y PSAS) A%, EFHPY
Mol obx HAs Yo} YA @k AWAAY FolE PSA WH o]9ld
%R BAPY (A2 Aol fE BAPE)E S§TA ARr}t @A olor 8
H, 717] 2REENT SFALE HHAA 717 FFAADR 4FE HEI
AF37) 9% Weto] AN Hofok st T BAHC EATT

th. PSA U] &-§AHd¢ EAH

FHME FAZIBANA GBLH 3/457] o]Fdl AMHE AFdHe
717 A A PSAATE o] &3t HA ANFE BAS=E 87Tl deh, B
Z2FFAT AA A, FARAAT A, LI B T& XTI
o 7k HAMNE 2 M- Hgo] o]Fojztk. I, TMI F&HEX|
Yo e £99 1E3/457) B FF1/257] PSA Ao gt stEAA] A
EAZE % AN 39 vix o
o ZoME LAL 2ENHAYYs}L (IPE : Individual Plant Examination) Z 3}
A5 o] L3l AlGA TE AAAHEAE H AT v o, Precursor AT
3 AW AdEY FoE FAH HIT R 49 R AA=E 7FE T
Ag gotste] FANARA 2 FE3ta Yok E H@EX*H 28 AW 4
g Y8t J1EF AL HEEA Y, AR, N1eAA T RSt Ao
194 PSA HEQ x4&EdREe} 287 PSA HEQl 27 EH%WJ%‘?_E%
Aol tHA ZA R HIPNFELE AMEEY) A e S8VIER B-T A
Ao o]l WEAHo A, AA FAAA I A E7IEC] AAH ‘Rl
gty PSAE 2d 2 RyxErt wuslEg #FAv|#Y HE =Y 44
efolth. RIPBRe] #A3ls|o] 2+dA7t PSAS o8& WABs7IE AR
ol Aoy EPHoT AEY £ YT FAVIFE AA PSA T
A Ed FF FEe & BAolth AAAIE Hfstn gle PSA ZdI AY
=3P HE RIPBRE o|gsl7|oe ofF &% 3102 #ddn. A7 PSAS
o] &% WA AHA (d, RHSD, n-FA9 AR AES a7¢s 7t

—l,.l it SO

)
L
P

o &2
r 4o o X XN o

5
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40 B, WAL o1F AW EeA 2 B3 WAHNY AS 4 o
Yol 4P o] o 4@k
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A3A RIPBR A7Ax}

o1 =g MEeE £ AR ¥ddT AAE sHIAG A @

Al PSAZIEd® R A9=7E Al 712d BE BEIS SW-e] AR
R B7F @Aelt T dA @A uTty AREdE A% VENE R 5
Ad= w3 QAZM A9 vt 87 3 13890E #4317, RIPBR =
4 ¥4 2 HTY 847 A= =99 7ENFE 2 FAAHE THIS A
AA S E SRy AREY R =ddZe 7Rt FREDS 43ty
BHE T ABRDE s, viAY dACME ARRde FASES H
7h8kal A BA S FHIAT. oo AArE 29 1-500 AAFH A

€ HuAe A2 E =9 RIPBR &8t R Zdx Ul #AAA R
RIPBR &8743< AAstn FFHez 243t A3FodMe 2HA} A7
ABREAN, A1l Fel RIPBRE =0ehs B3AH =99 712dss A
fow, A2d A3EAME et FARZ HFE RIPBR AJRd4 ¥
F 7@ FAAHE AASAH. RIPBRY 24 =948 AdA= 852
BHE AP AN 712 FAAM] Fasrs ATEFHA AT B
1A A3F A4 AE RIPBR AAQF(hE AL AAsIR, A2 A&
of ¢A FAFFLZAM 71BAH () MEd} ANGADG. T ATEH
A8 B 1€ 8g34e g5 4 o2 RIPBR Eope] dE7#
A5 NRCS 3AREZNE 233 78S 33 eH, 1 2HE HIA
o A3 A5l AAFET. AFAE AFHe] ERIAE, TEHS FF
878 ol A4FT A5 AAH Now, #H FaFAEC] A6l A
Hol Aot

AT AT AAE A V122 AYD Y4 A5 ATEAAT AT WE
L HIM9 RFoz AASGT "= RIPBR o|3AFH FARFARE,
Je]x ¢y} RIPBR A= FRFE Gyt g $37] |BAF o] #5 A
5ol A
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A2 U9 JlsAe %
A1d =9 7l&AE A3
1. YJI=AR F8 A9

ARG Eokol A9 AT AH F8o grte 19569 392 Ay S0
DA vl Adelgioldd B. Hickenlooper 7+ NRCe] #4191 AEC (Atomic
Energy Committee) ¢| W. F. Libby 93 tigldlA A3 Bul Az A A
A BATNEE AARE EE3n A4S At WU teAE Hagtste Wt
ZATHEE aHsA HAD oo we, AECIAMNE AtnIAFEY HAFHE
A WAooz A HLgoz2 AFH /Ade FHYstgen, olg A7IE AECAA
£ 19710 M=AYIAS FHE AFSA DA

gy, dFFoz AYEAHRE VeFdegHoE Ty AR A2 19759
of wz7tel WASH-1400, "Reactor Safety Study : An Assessment of Accident
Risks in US NPPs' o] M3ElZT & 4 9ot £ RIuME Ald £2 @ n44
2 74, 293 An 94 A9 529 FBEA A4 P 52 ANSL o
A &%) PSA 71&9 ¥k AEsted A 71dsle EAE @ & Ao

1979d6] AE TMI DAALTS} 19859 A § Chernobyl YAAILE A7 2
WASH-1400 oA 7}33 AtnEo] AF o2 7bsdg FAstdA FoALL Al
U s FAFR wgste A7E vlAsA HAh 1986ddAe FUALL
HAmgol FEHAA 7HEAAN i FulAln HGAE Bt AFol FHHARUL,
19901 d o)) NUREG-1150, "Severe Accidents Risks : An Assessment for 5 US
NPPs" 2718 538 ¥ ¢9Ad g CDF/LERF AFE, AL, HAdx
FEL ANFoZN FoAl A ol 7|&F Vs &SI

o]% v]= NRCE A 94| tldte] IPE £ AF=H7IE 873 HRA
o™, 199530 PRA AAAH, “Use of PRA Methods in Nuclear Activities" &
FX3slo] PRA WHES TFAC AIHoz LT E AV|E vtdsHt ol
et 9A AA, AR, d, RGPl A @it g FAdAEA Al

PRAZ B¥9IsH 831 ox glom, PRA 7I$58 WedAN 2R3 74
TAg Hesm AFYel Ade Adse PHozE 2491 Y HIAe
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AEEAE &8 1A c1PAYE FYste Ao #& & st Aok
2. w39 g 2 AUEA
7k 959 RIR 9 PBR A3

FellA AFE whe} o] USNRCE 19951 5o A HAFA] Auko]
Wate PRAZAS] &8-S Ui AYS AH3e AP E TES v Sdoh
olol w2} PRA o|YA L FH3L EV|HR o|PAHE HHd}e TIPS
T8I (19969 T 1999d), PRA A G 7]AE W& olsfstn L3}
71 fsie B 8o 3 Ade FAVE, AdA R duldFE 2RV 352
2 olgst= Aol "Rl 912 o) 19983 6o RIPBR ¥ A (White Paper)
S 9703 vk itk o] ¥ PRA o] AE S RIR o|PAYor wFsta, A <
2519 47 WAL B AUEAR FAkre s sk Yok E 21
o RIR o|3A8 zzad21]¢ 2o Badon, 44T odfge & Bu
Ne) 22 16] 250 Yot

USNRCE= RIR % PBR WtE #AHO2 AA3A oo FAANS SHEstn
A", 199139 AASA 539 FoA7)7HS Fo] 1996dFE ]33 10CFR
50.65 (Maintenance Rule) 7} PBR¢] A& 2 ¢ Atelgl & 4 vk 1995 0l+= 7]
£9 10CFR50 Appendix ] (AGAEFHEAR) o HA59F, AF=78 Het
(Performance-Oriented, Risk-Based Approach) ¢l Option B #3& F7I12 A4
Fo2A Heoldst AF=Hrt Ao A A AEF7E 2T F U 7
e vhEsth @9, A5 AAMNPAAT FARS, JHESAAL 7HEEAIE, 7
EAHAM Foll thele] PRA Z3s IF3te AP=AEA At WA=
Aol me}l, A4 WA} olFod F URFE FHEVEE EFee
G AFS ALst B8t o3 Utk EI AR AT BHs
HIAEZEEE FAZNAES A5AR T3S HET Add 42 A
t5 233 (ROP : Reactor Oversight Process)S T3t 7F5dd ¢tdAdS
F7IHo2 HWrt 9 X33 9on, 9B Ax3 ByeAdo] FE A8
of tistd AFP=FRE FE&F FTHHA 23 AHNEFL FAST U222
RIR9] ®]3] PBR ®Wet2 AAHY 2 Boh AA s do ojggo] AdAA ]

£ £

. o

N
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3 W=7} %o e olut, NUREG/BR-0303 (2002. 124), “Guideline for PBR”
& LE FHF NRCY FA7} vholrtol & Wik 2Asa 9ok

. v]=2] RIPBR £&AHd) 2@ A

1) AF=AR A3 717vk HAAA 2] AZF/FE (Rulemaking Optionl)

AP AAEHRE o] &3l AhdFo g WA} AHs FF
o W, B AAAQD AR} A 2 AAE T 5 RS AAAR R A
AFE ME3te] &83tx Ut F8 oz E MsFEAL AASAIE, 71s
AZAY HEAAANG & ANANEFY], FREF Fo] EFE. "M, A
AW o2& SRP 39.7 (RI-IST), SRP 3.9.8 (RI-ISI), SRP 16.1 (RI-TS) o] Al =
T ABHRLY, A3 A BH A=A R A4 F23 st PRA A
EMF AAE 98 SRP 19.0 (1&7hAZ Yy 2 SRP 191 (PRA F3) o] Al
AEdd FAAFLZE YIAEAHE WA diARd RG 11748 3
o RG 1175 (RIIST), RG 1176 (Graded QA), RG 1.177 (RI-TS) RG 1.178
(RI-IS)) Fo] 7= Slot.

2) AA FAZE AA (Revised Reactor Oversight Process : ROP)

HA FAZE Z2aY (ROP) o] AA ¢dd F8% &5 HTH
A R AE #AAste] hEAQ Mol o]tk AR AAE AHETE ¢
A 718 A H Y (Cornerstone) ME NRCE AFE=AHE 7]RbAl A
(RIBI) & $=33t9, AdAts ATXNEARE FITH HAF AFJA LGS AT
2% ZAAHA (SDP) o we} Bristy, AR (P) € 7-rdE AI=HE
A X (Threshold) ¢} ®im3tch F3E FRES FTHHEE HIISHH, Action
Matrix ©] X|HL 83t FAHS NRC =3 (HAFE &G 3 BadHgiA ¥
) & AA AR A dEide HAT AARAE FHeiH, 4B
7t A3, HAMAE & Web AlolEo] AAISI AbdAbete] F7h3 oS T3 9
Angste FAE Hol gk 1§ 212 NRC ROP 9 8 5&2 HHFHL
E Ul JAS FARE AAe 75 29 AAFH Aok
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E 21 ¥]Z¢ RR oA 5% (A42¢A Fof)

& o 7]§. e g
= P ——
RIS 11 | 55 3 e éi%xﬂlﬁiﬂfgg A
Q% A = B2 sl 2slsl= XK
RS-MS 12 JHE iaﬁ}éfgi L—flﬂﬂmt:i(if};{; 2.*{ Tﬁgigé F NRR ggggigggg
2lA3 HEst
= a y S X

RS-MS 1-3 g Eg%g;@%%g%%ﬁ NRC =&l 280 2|23 NRR | SECY-00-0146

RS-MS 3-1 | X2 FHZS HA XY =233 RES

RS-MS 3-2 | Atoiy| @EZE HA x| RES | SECY-01-0111

RS-MS 33 | Xz MsKiz £7 =22 RES

RS-MS 34 | AlDHYM= (ASP) =21 RES | SECY-02-0041

RS-MS 3-5 | SPAR @& jjet =272 RES  |SECY-02-0041

RS-MS 51 | RI QI3{7p7[4t #Z X|& 8 (HE RG 1.174 Y SRP 19%) | RES/NRR | SECY-02-0070

RS-MS 5-2 | RI 0I5{7}7[8t 42 AMX|& 42 RIS/ RG 1178 %) | NRR/RES

RS-MS 53 | RI 013{717|ut i AMXA 28 (RHST/ RG 1175 JH%) | NRR/RES

RS-MS 54 | RI 9I&{7}7|Et #Z AMX|Z 42| (RITS/ RG 1177 JHH) | NRR/RES

A3JK I:l H{ 2 Ol X Ry N3

RS-MS 8-1 EI:%;:OE“ chsh [;H%pg Eéig,-gogjé é Hoto _JE;):{L; (?0&%(?69) NRR SECY-00-0194
Reactor| RS-MS 82 | 7|27 10CFR50.44 (LWR JIA7|HH0 EZ) @A NRR/RES | SECY-03-0090
Safety RS-MS 83 | 7|=822 10CFR50.46 (LWR ECCS 3{&7|F) #Z NRR/RES | SECY-02-0057

RS-MS 84 | 10CFR50 7|2 Q749 X714 elgty Tyl RES

RS-MS 8-5 | Standard Tech. Spec. (STS) Off Ci#t 2|AT™HE JHMEtor 74l NRR

RS-MS 8-6 | NPP At & NRR | SECY-02-0132

RS-MS 8.7 | PTS & JiNe 9t 7=z e RES  |SECY-02-0092

RS-MS 8-8 | ABYKIZ 0l5{7tA] PRA AlA} NRR/RES

RS-MS 89 | ZCYALTAl S/G Ms Tojarg Jjg RES

RS-MS 8-10 | MEHHUXIZO| Tt 2|AIHE FHHA WL RES

RS-EER 1-1 | RI 97| =4 NRR

RS-EER 1-2 | 27IEZY Y39t SECZ RI-PBR M8 EF Y RES/NRR

RSEER 1-3 | RI FRIQAIZEA XU 945t MAME 2|AT HA Jfg RES

RS-EER 1-4 | SIKISA|MO| SIRHOIM T} sieyo| it o N RES

RS-EER 1-5 | 7AAIQ 2lA3 HEE 28 Mz F WL & R RES

RS-EER 16 | RIZ 0|25t= T7H ST TJ} RES

RS-EER 1-7 | PRA M3ty Hyjgiol H2E 98t RG/SRP 7Htt RES

RSEER 1-8 | YAI2QIME0} E8 =27y NRR/RES

RS-EER 1-9 | H&l6t PRAZE ¥ ANT DYS 8t CHAIY F2got NRR/RES




NRC TFAAAIE Ao F837 5o HAY FAFE Fv AI=AHE R
A7 AA M-S =43t doh AR 3 Ruse XA

g8 AR FAY, FE3 SHHA de Eobd AR s #Asta,
FARY AFAYL FAse 2o AAES FPte d oA HerIHHA
(PBI : Performance-Based Inspection) A dlx= daAU 715 AEE o A
A Z2ad #F5F A4S #AFEY 2FE £ FAF Z2ade AR
o) FAEE/3E T2 TEAL FUste HATY AAEA, AAZES A
Aol A PRA T ARE &&3.

3
=
=2

oX

NRC Response Assessment Communications
- NRC Inspections Process - Public meetings
- Management conference - Press releases
- Oversight of corrective | i . 7" |- NRC Web site,
actions Action Matrix - PDR/ADAMS
- Additional regulatory - Assessment reports
actions and Inspection plans
Significant Determination Performance Indicators
Process (SDP) Threshold
T A
NRC Inspections Performance ‘Indicators (Pls)

1% 2-1 USNRC ROP 3 E&%

NRCe] A% %% (PI : Performance Indicators) ZZ1#e] 42 7]& ¢A
A P72k (Cornerstone) ¥ ASAE (¥ 22 =) ZAZAE ZAA Bl

ste] 4T 9] FRAZLECFA, WA, g4, Az FAFE RHolrh

NRC ROPE FA48e = 3o 88 a4t GdFax 2AdA (SDP)
oltt. AtgdAtel tE NRAA A 28 EAA (Finding) o <¢HAY T8E
2 Bristd GAAAES AR FFoRA Z AFAF AT dMFAE



2AARR dd AFETEE H8Ph o] A weE FEHA A4
BHRAAE TAZ 3 42A FA=RAE AA Bk 1

FADA £8 R PL &9 2% d@4e) JGE e AR EAste 4
o FAAHALE ANFOZH, 5o $58 AAFAM dAME FARS
A7 Fo.

o 4o it

E 22 NRC 7]£ tdAH7 849 ASAE H7 3%

e oEM Erles | MM MSXIE HIS=2@I1Z
AS/HS YRZ BAIK| (7000 AlZH
WHL E7IAR HATARS AME oIE HRE BAIFX(G W)
20% 0|4 TIE B X HAWZ (7000 AlZH
-1 HMTLYHE 0|8 BEZE W)
. BE ZLAS 018 BESE(6 W)
AL e S >
e e | A ol B5=6 W
ST HA HYAS 0|8 BSE(E W)
OIS DE 851 W)
i HURZ YN WAls SE
H"A A t”'_tﬁ_o‘ — b | o <<
S 2en - sloiz TER) AN 27))
=ee - fRE dZR FHE0 27)
AR RSHER SHATH2 W)
UHA HAAE  |bla SN W FHAAE W)
HA LHAS HE AEE( W)
AN AR} AP FOUTH S8 HHG W)
AR OFH AR o TE JHsH( W)
LIS AN OFF  [AQIHAM £ REAN TF
A 257(7] 0|8 BSE( 9)
ol WaE  |SASH 7F ¥ TR 27)
-ERITA FIA 9l W0 EY))

3) 8 =AR 77] TFEF (Rulemaking Option 2)

AEE=AHEE o] 83 HAIY Y4 A FaoshA @& Al
dAB|E GBetn, (A FoF Aue e FAEste Aotk A
E 3 dHAFY AP APEARZEA V23 Hule TF AER
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o
%
pr
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2
ko
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L
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EARE BE3A 49 FFOD VNS BRAE YA AL dA 7
oz BYshe QA6 o3 1Y 228 F ERPNS S4H02 veh)
I 9tk
O RISC-1 : ¢tA ] e nxE Aoz FQd <hAxad 7)7)
O RISC-2 : ¢tAd] 9L mxE Ao FAd v-¢HAAH 7]7)
O RISC3 : ¢tdo] v]A& o] we Aoz sy dnd 7))
O RISC4 : A4 vX &= H3fo] Yo Aoz Folg H-AAH 7]7)
1 "RISC-1" AdH] 2 "RISC-2" AH|
OIMSE 4| HIoIMSE AH|
otMol|el 227 52 AH| oIMOfe] ZERT7} =& AMd|
AHSF 5427 +
osiz U NEE BE (5069) NEE B (5069)
g 3 "RISC-3" AH| 4 Out of Scope SSCs
0 OHRET M| HIOIES T At
oINS £ 7} % Ad| OIXM0|9 ERT7t W2 Ad|
olM7|s X (AE8YH) AgMY] QA (AIHA A48
=22)
P

Y 22 =R E &8 AY] SHEET I

A G} vHE 7)7] RISC-1&2) o thaidE 71&9 tAB™E 7]7190
HALEE B4 FALAS HL33, RISC30] taixe Wxe] xdsdd 948
g3te] A-&gty. wEhA, RISC-3 Auld] disire g 2159 &S ujAs
A Atk

O 10 CFR 21 (A¥/RAFAS B1),

O 10 CFR 5049 (AHIEAAZ)

O 10 CFR 50.55(a) (Code & Standard),

O 10 CFR 50.65 (3 ®]53)

O 10 CFR 50.72 (ZA)K.11),
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O 10 CFR 50.73 (LER)

O 10 CFR 50 App. B (QA), App. ] (AgAE FHEANT)
O 10 CFR 100, App. A (%X 237) 5

AR=AEEE AY] SHFEF BLE oA Astd dA #E F8YD 10
CFR 50.69, “Risk-Informed Categorization and Special Treatment Requirements
of S5Cs at NPPs” & Ajzo] ARSI 11, o8 ARWs7) 98 FAXNYY
RG 1.201, "Guidelines for Categorizing SSCs in NPPs according to their Safety
Significance (for Trial Use)" £} A2} x% <l NEI 00-04 (Final Draft), “10 CFR
50.69 SSC Categorization Guideline” 2] 7o) FZF o]t}

4) AIASARE B 83 7/|$ 289 /A (Rulemaking Option 3)

NRCE AYERE B8 FA9 FRHFNN 9B UT F=§ 254
o AYSe} YA, FRAS] df7t FEF V1£8AL RHOE YFEHR )
£8702 AMs7) Y Z2IAL FAFO|DR24567]. 71€La JIE
PRIE NRAD 430 A ol AVEAR FFgo] AR BHFUYS
neig dHAFEY BRE TS, 4 F1eadY 44, AYEIR W7
ek A, A1ZFAY AR, A 2d9 A 2 Bt 59 AAL P 3
o @A ARe FAST Y= A FHNE ey 7eLdSo| TIAh

O AddE F4HEAE (10 CFR 50 App. ]) : Option B 7]-A| A
O AGHE 71494714 Ao] (10 CFR 50.44) : Final Rule

O BAxAYAAZE A%7]F (10 CFR 50.46) : Proposed Rule
O A5 27 (10 CFR 5048) : Final Rule

O 7IstEZE4874 (10 CFR 50.61)

5) Ad=AXR AH5AE (RIPI : Risk-Informed Performance Indicators)

@4 NRC/} #7%9 71&e A5AE (P) =zade] 584 As
A5t YR Amo] ot YPEARE BLF YSAE RPHE ALstn 3
o I JEAY "FLe AI/AL/ASSE AAEARE AReE, HAY
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Ed, A5 @ W g AALARE 2 34 #d NEE AL L3 R
oltt. ¥H: If{Y AR ZAXNE ML L83, ATARL AAAHALE O]
AA) LML Ao vIXe 9FE FHHoE Jg # ‘RIEE ARE WL}
= o Z2IY 194 M2 gde AEYLd, FALH, WA, gAA-
o AAA AA HeB P S A B o] &E AR 7}1%«1 d&ozA &3}
A%, HEHAPA Corerstone 5 AGUE F&d dig s 4 o8& AR
o] JhZo] EFHEt

39, ROP 998 Z=23y A7 ¥ SSU (Safety System Unavailability) A
TARE M ted 22 Y A =&dd w AdE HeAR ==
aFE A =N, A HEE A% EY H 3eE AR SSU ATARE
AT M2 AR s FHFsiA HA F, 20050 AyE X2 43
A% AeARE (Mitigating System Performance Index : MSPI) ¢ 7jito] 3] &
I 9o

O 948 F23 7srdE AA7NE 715< AHeste B4

O ¥ds nf2d22y Qe AA X (Threshold)E AHE3HRA] ¥x
s B2 RE ARd AAXNE AHEEE £4

O ol$E85EE A3 ZAsy) Boe HAHEY YEARZA LFxEo

a ]
E O] EEFTAL & A (ZAE=EAZE A T/2F AHE) e EA
O ALAT C1714zaFA% =€ AFPAAT 5)S E=2 FAE
e AAAE o8 EFES dAATA Fdste B4

MSPI= AW A% A43x 8 7159 H5S ZAE NELe2A A
Ee AU AE 9 o8& 5% (Unavailability) 8249} v]4l2]% (Unreliability)
arz THEDG. GRAE ASAE MSP)E BANY AF olSEFE 2 W
A xe w3tz <3 =4AE&ANE (CDF) #W3alel 3 (sUAI+URI) o2 Jehd
t}. o] &8 %% (Unavailability) ¥ (UAD) & ZAIA AG/AFe] A 39zt
(12 quarters) T%5/Hl5% 71719 A/IAEF T Aoz Qo Fx
F871% Fdd ol §E/FE FHE FAE ANFH F UIAFL dAETL A
E §A8 A7t vz A A"t ¥, HAIZEE (Unreliability) A% (URI) =
ZAE AlFo]l Ad 3dZH12 quarters) 870 et APE FL 7S £33
A B3 FEZA Ax"Eg. 794 9¥E 8 7]% (Risk Significant
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Function) o]& NUMARC 93-01¢] we} g $a3 ReZ A 7|522A

“Additional Guidance for Specific Systems" o 7|1¢® E8$d F 152 L
=
()

o AR AROE o= AR AFAo] JomE, V|79 vF FANY, TF
AN, BAAA A/NYA Aol 22 £ gle 24 A, 2D W6E
719 1% S dEME AsEA 4A4e B st AApER

(Inspection Process) ol ¢]&3}4 ).
5) AY]5+A (Maintenance Rule : MR)

FAME AFE vbe}h o] Fe/wAe AFHA AtelzA AuiiA
d2x B v AuFFMR)S HHd Fag dulEe] o3 HeHE
= 71ES AAs, ZAE Asol =
Q73E FAHLEA g ddBd ¢ vtdEd J71Ec] 74 A
ol 23T

oo

o nek
2o
ru[o

5

O & 715$ F¥ste ¢dad 717]
- QAEZYGA FEBAY A #E V)E
- QAR rAAA D ARAHSA 7)FE
- 29 A EAF AR 2H A3 G 5
O g<9 H-tA#d 717
- AL L ARAHE 93
H A& A AZA (EOP) o AME
- DA, FRBA 71719 V)5 HAL H

DFA, QAR BARA B ABd AT FF

—

&3} 7]

bl
ofr

[o]
2

o

MR tid dule] tiz) 8 Sl=3dY F/E ARE AAsle 7IELES
PRA®] 2d#o] B 7o RRW, CDF, RAW %] &&5n (d&E7tsid &8}
5), BENE2E2A MEVI7Y BS AEE, o8&, FHAR, THLE FEY A
T71FL 2 E EAIA XA, Capacity Loss Factor, ¢+AAE &34 Fo] &84
. HIoe ZAAY, AHZE A, AlAZRA D ouHSg T Fguld o Wi
5= 823 (CDF ¥ LERF =+ ICDP ¥ ILERP)E ZA] 2 HI/3IEE e
Atgro]l F7lgo] wat PRA Risk Monitor(RM) & &-83F An] g2z Hrpr &



4ska Aol
6) +A7W B4 2 FARD AR

SAAY BAHNE 3 AJuAZ Axe £F TP (Accident
Sequence Precursor : ASP) o] 951 glon, ALGAF PSA AF, AR AT
48 4728 FAEN, AAAANG 295 24 S 9% 7A PSA =
Al SPAR (Standardized Plant Analysis Risk) 24 o] 7]¢Z o]t}

7) Z1e At

AZ7NHAE SJd=HR AOT/STI #7193 #Bd AFE S, vl DG,
QdAFYUAA, ARZHIAT 5o AOT/STI dAANAHE 3l FAsle Tl
F35o] o}, VEAIANE JIAEARY 2ASE B AAFSE A3
9]8te] NEI At&lo] RITSTF (Risk-Informed Tech. Spec. Task Force)g T-43taL
23 2o AXNY FEL AR JEAZA FFst 75 FHFFToITh

Ap= AA (RI Safe Mode End State)

gt %3] (RI Missed Surveillance Action)

= W AAZ (RI Mode Change Restriction)

AU AA3& A7 (AOT with RI Configuration

O Initiative 1

I o

O Initiative 2

Mo i B
o o ofN

O Initiative 3
O Initiative 4A

% g

=9
==

e
Specific Backstop Time)

O Initiative 4B : AOT |%& (RI AOT Extensions)
O Initiative 5A : A8 7 7}& (Revise Surveillance Requirement)

O Initiative 5B : A7 87 A}u}X](Relocate Surveillance Requirement)
O Initiative 6 : AAXZX] (RI Shutdown Actions)

O Initiative 7 : A7l SABS0|AY J%E FAFE B FA
O Initiative 8 : TS Rule ¥4]9] 93 =4 KR3}

AE Jlddxrt 5o Auld g AHE FRE AASS AA, Az, Fol
Bgaln, AAN HIE NS HEF0) BASHE ANERFTIIY RAP
Reliability Assurance Program) o] A& Axtz <13 7to] H-L=3 g1om, NEIo

_31_
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- RG 1.175 (RI-IST) Guidelines for
Reg. |- RG 1.176 (GQA) Categorizing SSCs in
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WA g g3t or 3t

2.2.3.1 W9
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2248904 EolgE s8] YA, 222 A Hrte) U BE 24
e 2740 AFHE 28T YA, BE g
W9le) PRAZ 498 ¥t . Be 4,

2232 AAL nEded 2THE FAFE

PRA ZAFEL AtEHE
455 dRole B o4 3
d5te] ABAE

L4 vlXe 9%

AFsae o AoiA ol Jstelot Bt 7]
7 £R 2e HeAA A WAY Ene] WP VPE BYolW FEIT
71eh Hgol taiAE PRA f20] BT G BHH BAS FHAY, o

=)

w847 JPL WEAS Seste ARoEE H4T & Yok

WAo] BAAe WA 9L PRA 45T IBXE & g B9, PRAE 1
o wet Aok A, 2268004 s B FHA AEy WA o
gozn WA FPo| ZHAoR Hrsolor Gok. ojwY ASoIE WA
Aule) NYE/O|LBEE T £HY ZA0] nAE dFo] HA3) Leisoiol
Fo.

X
o

2.2.3.3 PRAY] 71&3 AZA

d FFolA 71ed FFAold A ndy FHgAdn sHF/2A el o
3 2AEE Ao o)sdtt. RIRY #&=HE PRAE YA =99 uiet 2ol
S7EE WA FHAFF DEE LAY Rigste WHFoE HEs] Y
wlojof et PRAC] 7|&3 HFAS Hrksie d JojA AH7EA g B
o] AM&E F Atk AdAL 71€F AP HrtE 5 UE shie] Wt
w7} 37t (Peer Review)E =83t ZAolth. Hrixle] &7, H7t dAALE 29,
LAAG At Go] EAstE ool k. PRA WY, AAFE E JIeF F
4 Hrte =97 98 2dA Fx9 PRA JF=Z=21Y 9 PRA S uAH]
AT Fo] 82 4 Aot Ay 2oy e AFE AMESE AS, D
ok PRAVI Bl EHE ¥F Fv XIS X¥ste 29 A9y, FJrt A=, F
A&7t A4 5] NRCY HEE 98 AFHojor gty HENFIL =
FAAS} o] AAZREY EAHo A3 A, AFdAE B, HHgFE 7

Z

—

0 8 o Kl
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=4 AP BHAN Y A t3te PRAVE o HAIAAE A B3 e
o @t AdAtel st FqEH & HEGA NRCF HA AHE 7HE 5
AAIAM E FF ol ZIdiHojoF e Hex B3t &% A JE7HE
7t 1F e mAHE So o8 Aoz gAE 4 o |

NRC 2% @A) ASME PRA ¥F (ASME RA-$-2002) & 91%3le FAANEE
MEZel sl o] Aqt AL PRA Aol A9 e JAEg g M
T A%E & olsjEty] Hs) PRA EEo] AEA EE 5 A=A I AH
< Ao o] AL AgAY e Frte] 29 271& ¥t PRA BE
e AQA Z2a99 &9 M7 8 Aol

NRCE @AY 444l PRA EF ML E5& A& A3tz gon, o] #AAA
NN Med vie} Zo] FAYA A HEFdth PRA EFS AT Fe=
g, SRALA (o, AZALY) B AZFH/AASAA WG FFEo] HLHA
U /S gtk E9AIZA NRCE o] X3¢ 2234 ¢ 254, 181 SRP
1977} SECY-00-0162 (V]38 o2 387l PRASY HAFHY 7IaS4S A9
3 - PRA EZ)o| Folxl AFE &3l EA WA AFAYE Hx3r]
3] AZ¥ PRA & HIIsHA €. Ayt FuEdH MFEFS ALAT a8
9] PRA 3 &AL ZAASEH FL3EE ol 4 e ARE AAF.

2.2.4 3443

o] FARNH AXNE Faz FEALL 2-8AN =9HE RIRe| Wi 437
o] ZldEE Aol 7z, g gol TAEL dHe x-HE GE 7
A g3 %= (CDF L& LERF) ¢ y-2& w& °o]& 3x9 ¥ (ACDF Ev
ALERF) 02 A= 2/ HAdA (28 3 2 4) Fydth o] AR &3
Az HFY Y NFAR, ARA, MEY, A29, ZAd £9) 37
5o =95 upe} o] "aA gz Hx9 7]A 3L (baseline value) (CDF
Xt LERF) #E vlasdlge s/t gk a3y, 22 PRA S¢] A9z
o] QA ggow, o] FAXHY 22504 ==& uie} Zo] AYRT F4d9
PRA JH% &87Fs3ltt
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i Regmnl g
. eNo Changes A]lowed S
o Reglon H : e
e Small Changes
. Track Cumulatlve Impacts

107

Region I
e Very %maﬂ Change

1 e More Flexibility with
Reglon II Respect to Baseline CDF
- ® Track Cumulatlve MImpacts

Region III

107 10™ CDF —

a9 3. =4&dN s A3 J§A

T | Region I
A . ¢ No Changes Allowed
LERF Region 1 Region II
¢ Small Changes
e Track Cumulative Impacts

-6
10 Region II

e Very Small Change T
1 e More Flexibility with
Reglon II Respect to Baseline CDF
e Track Cumulative Impacts

107
Region III

10° 107 LERF —
I9 4. dF 7] HAVs FEvixd dis 38AF
2744 79 HEAol Ytk SbE CDF| B o)1, & s} LERFO

T AOBM T FR T ALgH o} AT
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A2A3 CDF 7} wlmstAl Z7} (10° ols}) & A%, £ CDF A4 Ao
FA Q] WAFo] 1Pt (Region III). ZF= CDF A4tel] thdt Q7o) e sk
d, CDF7} 109RY Rtk %7 Yeh}® CDFE Z7HA71E RET ZaAld)
e Fe o 238¢ Folok @tk a8 4%e (1) IPE Ex IPEEE 5
I o] AFE WFY M oZRE ALE CDFIY 74wrt 1078 AsHA
Hste A%, (2) Margins-type Sj4 o278 FAH FHgo] sotd B4,
Ex Q) T 978 JAHH FEE T AAHL PP BAE Bole T
Sol 4 Axe

I rlr

P

o

AAFE CDF Z7}7F 10° ~ 10°RY ¥go] 1€ o), & CDF7} 10YRY o3}l
ez Boh (Region II)

« CDF %717} 10°/RY o)A2 ol7|sle A3 e B4 13 HR &t} (Region I)

NAWEol B LERF 74F oplshe 4%, WAAYE LERFS] e
RIR%W 43¢ 258 2 =
o) 9ol 2ol veht UA L)

Al4+A= LERF 7} mlwlstAl 7} (107 o8h) 3l A%, % LERF A%t 2%
o FAGe]l MAAIGe] L H T (Region ). F LERF A4be] tigk 8339
gl ¥ LERF7} 10°RY Bt %74 Uyeh}d LERFE F7HA7)e ARG 7
A2AZ]E S FE Ao 2FHEL Folot o). w3k A¥e (1) IPE &=
IPEEE 3} o] A3y WZFe Aoz 8E] A4r" LERFoS 7|9 =7} 107
& A3A 2H3le H$, (2) Margins-type o ZRE FAH HefAol 3
o= 7§T, e Q) d3 979 diy BEE B3 AAFHYA AAY EAE
Hols A% S A"

A A" LERF 2717} 107 ~ 10° RY B9o] 9<& u), 3 LERF/} 10°RY 0]6}
A B¢ AAFE 383 £ (Region II)
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» LERF Z7}7} 10%RY o] A& of7|sls AR 54 335 R ith(Region I)

o] A3 & CDF % LERF & 37b7h olpl@e ngstele gur} 9dn GHSE
B4R ool Fguc

O S9FEd JeEhy e AHY WAL e AixE At 4 39 FA
o 7ZI7149 A o, Rt} Zx & NRC AALE w4 "t

fol =99 NP F2Y, 424 ¢ FALH HE" 5 Aok 2y, g
7150 FAEA g od FALAFAE oA Fo® LERF Ao] vl-d4]
Y £ g 288 AS AdRE 23 zzad A 93 2ot
AAZ 71A CDF AA (4, 10°RY) & AH&aAY, 9% 49 gx g FF3}e
th4 LERF AL AQT 4 Ao}

ot ¢
Lo
_vs

&3 LERF = l ]2 Y22 FH BRI 14, dds 9458 % MOX 98
it} NRC‘: oj# Aol HUE olE E49 ZF717} LERF

P23 Brls BARE 7148 YAHs PRA M9, FAFE
e J1ed ARHL AR BEAY YA I8 AF
(FH4 2ArgH) oA Eosv, PRA B7HE B2 & Qe

2.25 PRA 479} 3E&AHFe v

o) A& PRAZSE 22479 HgAe W] BB NP ATV FTH
A BAAN HgAYe Al FAAeR SaFeANE hidd
N £A4 U2 H445S Row PFES AN FHe I=s} Aok
JgHT o] APl aY 3 B 4o FAL Rl A% BAY FAFL Y
Hog #47l58 WAANTYS BASE ASH Aotk Hgo] PRAS B
d ANEY 2HAYEe AFREo] &5 FAGe] AT o= Fgo &
sheAel tsh B8 4L Y A wAB

PRAZZE 3EAPFH Haste e 944 4t $HH=AE Feldes 2%
el Aot o] AFE PRA ZAstet U 9% (Aol FustA 13
HolAle A% 2%8A 42 R BF) A9 7AdAES &73] o= dW <
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Astoor Fry. o]E2 o= Fx FHFH HAoH, %% ojH el AMFEC] & &
AgtEojol gtk Folg thRojol stEXo HE AL 22549 AAEH. 2
By, 94 PRA Z#s Ao FF AHEEHE W 9L PiAE 2HE4
ZF et =89, F718 FRE FTAMFH B2 IR P EA FotE
+ A

2251 BZAY 44 344 By

Jm
2
>
2

1o

A5 A% mdg FAT w t2A FHFsAor st EFAALY 27t
A ol itk 15 9 (aleatory) BHA47 2 4]A (epistemic) B2 40
g} 9d#HojRt}.  Aleatory Uncertainty & 293} thid AlQ & d4do] F2HA
e FAHE dojue Aeg BEAE W FAFHE EFHAHIH FEEH

O RAA Y WS BAE u) e o] AL PRA oA AA o] &< &
EE83 FES Fodes EFEY BT Eplstemlc Uncertainty & PRA 54
AA Y S BE At Ao FAHE BFAHAY ofH, o|7 PRA B
o] 2dl3}l A AA AEL driy F E’.A}S}l—_b]:% A Azte] WS wred s}
o] A& State of knowledge uncertainty 2 <& A gt A7dA EHE E54
e ANH BZdAdolt. 33 23A4E PRA 2d Ao EoE

ol Uz ow tvEA EAHIT HFH7) Wi, PRA AFAM T-FA
I, 8L vXEe EFdPHe tgo AE EFIHe o K&
Parameter uncertainty, Model uncertainty, Completeness uncertainty. 4= 244
& Model uncertainty ] 4£02 71FE F YA, 2 F8A W &5y
=o€l PRA B4 HFAA o] Hof, W &3 FIHHEE HAA
BE #A31g F Utk

2252 R4 BIAA

PRA =27Z 7Y v =372y 7]

X
3 ol4s] BEE A, o] B4EL U3 L@zﬂ g 1-?01 497} A B

ol 7zt Bd (o, Z7AA tE Folg Bd) & AUG Ao pHER. 1
Ay, 72 2d s A 249 g2 sHE A A UA #¥n. R o=
FU4e PRA 229 7|RES (tnR9 Ed e fa) AeHE An
g, Z7IANE 2 QA FHE F) @ #EE Aotk o2 B BT
gol tig FER T £ o EAgEh o] BEE sjyxte HAUAA A
A, EntE 2dd tial 2dHA ALz §4, °oF EFUt AY 7 UE



ol g s A8 AEE Yehe Aoz o2 4 Ut PRA A
(CDF, Atz7 9 ®x, LERF) o] ujst Q%E—E% Aasl7) f13te 718 249
ol g EFHANE T EEE A9ss AL 3dd Holn dFEY
PRA =S AFdd EFHI ot 28y, A2 S PRA 840 Uik E&
HE, o= 2FNAM FYT B4 gL FHEe oE 25T A7 A

A o] FsE ojof Ft} (A9 State of knowledge dependency).
2253 24 2344

PRA 29 AMe A EE A4

E42de ogPoTA Jsd Aok
Be A%, 4dAY H4 4L o] %A

AgGA FEHoF =
oA daiM= g Aol A& 5, TEUATY @ gRYz
Aol BE AAZIAAFL AT fE 2dY Wto] 2 oo HPHH. o
S0 B EFHANS opRT. ge A%, AdE 2y HIRHE 2A S
A gom, ol BEde A AHEsts RERHE ] Ho Ho-

AZAM, 71711% T4 5L EASEEY Fobd =d P o]34] (binomial) X
dg AT F FAHE gA 2Y #¥ e tiFte, PRAE S4AT 53
2o Ao g Ag F=E Jebd FEFT tiEo] dA R hE o
APE X (discrete distribution)E AMEF o2 2d BEFAANL HFIS doh F
e 2, AR AHES GFP YHE FHL YodE I RN 54
B}t A E F Utk oA AH VA NEY o)t FEEEXE MET
= o AHEETh 2 9 d2AMe 297 PSA sldodMY B9E & F Uk

2d B34S UgEE U2 HIuore AR (adjustment factor) & AFE-S
T 9 2dY HAHES P} Oy, I Bdo] o] Hd
24 2ga43 2L WUoR NS Bo, HuT wd BAY o] Wy
&t e, 2o A¥Hozi, 53 Leve | S4dA, GE 2% A
?E}-Q—E’H g Fx9 "HaAE o3 (d, AF7EE Asted AHSEHE
ME2 g8 458 2d). 283 3¢, A} 2d AZ3 AEd EFHALS
7FAEE A3 YelA =98 71713 2de] ALdAxE EFEDS A
9gozn AFa.
RA = 7} 4dA e d&5A48 o)iHE 2 2ds} &n, 1 54
2 7 A (world) o] et ZALRdo] "k ole AF 71719 LA
SFAHeE JHgdte A 4, T 8F WY (bounding way) A&l A (

rO
o
i)
lo

3
o
=
&
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# =7)9] LOCA o BAH ALANE 28 ANFL T8 LOCAS ARFe
2R #2) 099 GRINT YA Fe, A $uH F4e @A Ak o] 2
AEE AT whololz (BFAA) B kBT

PRA @#E sjystedl glolM, 5@ gt a3 2 dgo] PRA o4
Aol PIAE GFL oAIES FHE Role Ro| Fasth ol GIE
dol Rolg B8 TE /HFAT0] FuFoly] Wi vd BN FEEF
°2 gRolAe A ASYAAE 2k BA Y TE 2dS AP g
JFe AW WLE AN FAFOA tRol D & U, AHIAY s)q]
ARES olslsh, 2Eo] HRolt B WA o3 oA%A FFE wEAe I
zahel, AHHY =YE olgsted TRold & Uk 5F 2dg Aol
4E 9= FIY PHoE A s

2254 9 E34A

$9% (completeness) = 1 ArF 7 BFAGo] ot FHHH Ade
otk ey, Age A (rue) 237t A ¥ Juol B3 EF4
2ot gdx B4 EAE SAHA ¥ J9ARES w9Es] o
I ArlE FAI}Y] (BestA gud) A¥de Aol 4% JHAREL,
el ¢l7) Wiz otdE, WRALA sdFEes Fus HA ¥7] WE
AAHA Fch IR YR AN, AFFH/AALAR=S sHe] I o s3It
ot a2y, o= slabge] AdEA dgeAd A @] EAEH, 152
71%e AAA FARA WolEsoZT. wEtA, & B9, 23 A5 ¥
B Ze AR 3 Horo] WAL AA gazd vXE e A BF
A B7tE 4 ik

F-{TJ oX of
2 9 %

3l
i,

O of F\

HAE #g3et7) 98 F14 9] 8, 2o AFHY HEAHY ALE, EE 3
Z S8t ol uﬂs}oq M9 222 A% 719AA7 F83A grhe =99 A
T 5S¢ B3A 9950z Wy o] o] &r5, adA A At g
ol& 7} &) :131725} g 2o tiated, PRA WS GAE Aol tFd
& itk Bg9AEE 7] 998k NRC midl 38713 Aowde o
Hoj A =gt

2225 3L AAY v

HE&AH o8 4R 49 Aoyt thE 4 a7k CDF ¥ LERF A4
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A9 & #AE obr)she WAL 714 CDF %@ LERF ¥r7les 2734 &eth
dRHoz, YAF AFH ANS B G F FFo| FRAES FHE 7|
oA QUAst AAE WAAGE ol JIE AT EEY A7 Uk

A4X-€l CDF$t LERF gro] wf-9- 2te A9, 28 3 & 49 o3 HHE v H2
7]21 CDF 3 LERF o th3gh A4 3%1:31 B 9831 ¥t 18y}, CDF
wE= LERF7} 72} 10% @ 1072 y)rfg 2 9= AL, A= o) CDF
-‘C— LERFE Az3t7] A% 2XE H3A F=ve =dd HAE 5 A9 29

4% (1) IPE =& IPEEE F3% o] Agd WHF9 o2 RE ALd
CDF@]«] 7127} 108 AetAl 233 A, (2) Margins-type sj2 o2 2 Z
A FHefAdo] gt 75‘ , BE () " 939 JAE AEE T ALY
AAE EAE BHole A5 FoA Agdch

i o> rsL'
oll
PN'

ok

Ao IE AHosle XA ¥o Y & ACDF ALERF ol thaixE 714
CDF 2 LERF #7}7} @79t}

T2 A F{FEFE Holy] f3td, md ¥ B dtdd #¥EHE
R BRAA A6 aTHE AHE FEL 2l
AR # (2) 9 7t FEHASAE Hole T84 E v F¢
g 49] 949 IolA ACDF$} ALERF A7t G 3E&AHd A7esE, o
FAT Aol aFET.  FAMEA F9 Ilo)A ACDF ¥ ALERF$} CDF %
LERF A7} 8F &2 771255, o FAT sio] a7dn. 4wt

= oA BHE ute} o] EF Hx 741* ko] &8 E;ol Hls) 433 F

2 A, AAT EFAA AL A g1 7hEd £ HE) A (bounding analysis)
Hozx FEE 4 Qd.

&-&213 0] Mol W2 wjiol, PRA A9} HEAHE 278w =T A

&3le AAHZ 3 AT High(mean value)o] Hoh 7|4 HEge YR
T2 EFAAH BddA YA Roxe 2d E34d49 MR ZdigdHe
FEEEY Hoolth. EFAAES APH (forma)o 2 HHste o] dF 71E
Aol SEEH Bdd sl FUI BEUE ASToEN #ASE HAA
2ol B34S A A 183 Aol wpdol Wi, oW EFAA oAM=
LA FBBAAT} F2EA o E Aoe B4 ¥ 3
A7t e 7R FE FE 3 N2t dvu R AU (cutset EE
*}”7%4) £ 159 A 1 U3 By FeHe dFAEE £36HA
Foes Hole Ao] orF "

Ulo rr 0
_X’&
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F4¥ ACDF $ ALERF gol uteh wi7gAlge] 99 1 =& 99 1 o g
gAPE, APol FRHNOE AHA Fevhe BHA R3], YA oz
gzl MYHA g B3P oSo] EAGTY, AN 9 I EE
G I o) & Aoz AFE FE Ak 2, 23 F7 37 53 2o,
MANGOE A% M-PFRY A3} IPol YEA FAF )goiol Bk F7}
2, 72 923 AR 9P FASH] A8 wgsdol Agun, of £
g 9Pl £ ANY & JeNtE, 2T =7t AR 8
o,

24 (1A B34 Xl & AeHo] du HEge AHE T3 HA3
gEolAe v, 29 2 4% ¥ EFAA e 4P wHer O
Jd 4 glth. PRAVE AWSolE, FEHHlE, 2 HEe] WFE A
E, HE5EH NAFA 2R BAHEA 2, A W 7HE, 23A4
EE PRA 2l A&dte 2dy A e P AYes A Hrk AAT
A WA geths A dFdteE YL ARGACAA ik o] 452 &
THE AR A4 =E A4F =9 e AT = ok A7, R

olgte &ole o2 MMl o) ALEEHE T AL el dF A7t 3

22 ousn, ® o WARA ] BYHeR FYY A AL o
gtk WSS e Aol AEAm YoHY dxE opnh HEo) WHIY
2 Brstel Faste A ARA, 08 2Ys) IR JFL wE Y, 2
9 B4 DAY A S AG Bk FeRg Fo. AYE 8%
5 2o B ke BAM] Sepsolol Bel, WPE H4E FAs 9
of Higtel @Al AFAGe] Wt T 5 Aol Wetd FPsA L
St ALRE Wecl BT Yudos Ugw A4 e WA ARt
= Aol @8 39 (ABEo] B4 APIYl FFRDHE GAsjelol Bk,
SE oz, o dde YA =X 2t g4 FUE AY FEE gose
9 A8E & AT AdAE WEAE delgel e Rd RSO IFL F

PRAZ} A 97} old o, AlAE A9 B9 A44S IFF Hart ik
PRAGIA A2JE BH7F 7] CDF % LERF Ao oJ2A 7|o3te A& BH7}
e 2 F8A4L AN FA9 HEAPR AfEe BART. 2dse
719041 e] 714 Est el Jtol A& W, AYE FFoE AT JHEI F
astA] ol td =7t glojof snf, ojW Aol F7be PRA & &F
g FE ok AFEst Bobd 34 =2E FEAT. AE mde] e
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o] ME & 7193l uleE I B8R4 (bounding analysis), A Aol 98 thFo
AAY, fEFo] Bdstx] gL g3 7|ddAe dFdE FA F5S AFT
oS24 APt FUlE, B2 PRAY 71%3l9 A" HEF 3
A B FAEEZR op|EE ALY #ET 23S
1A &8 Bool 3ot

244349 shte) gt —3—, Fo 244 a9lo] AR FFE v
AA FEF ASIPIE WA ALANEE dASE A
= LERF go) #790°] Avle 271 9t 9

= EE 2740 WEFel g8 4FS WA @

= 1w

AMGE AAT F Aok o] Ay BgAEe EAV HA Few FAS
A, 28F 29 2E 2d B3NS OF PoE YAAY, WEF Bt 9
Fe Fe ZE EFHL HFH o o

Level 1 PRA ¥ ©o]&7}5% 749, CDF ¢ A4rE I LERF & AFHA fed
Level 1 3jAojlA] gotd x=A&dran 2RSS LERF o 53 WEERE
gdFste Heto] FEY 99 AA o] urh o] Hieke Level 13149 Z; Alx
B HErbsd wAdL wdel vzt AdAA o) FF A Q= @
&3t AIRAFES AFR T o] APFECERY f5E NEE $HAVE CDF
% LERF WlA]et= 2o 7l7to]l QA @& 72t LERF A4l A€ %

sict.
226 %4 xaA
A GAERe) oM, a3 B Ao} L FAAREY 1t WA

g9 23 mFo] AXSE J¥Y AL, 2o BE 2 FARE B
224 5 AFU L @

PRA AN ARZFEHY ARA Haat AN AF 48sn SHET
2 SHIAY, ot AAHHY Fxa 1P R AFHI Iyl s Rxd
o A Paa BB AW £4U FUHC] & FBL PRA 9 237

JosrEy dojzl Uud A% TPATh A, BALY o= MOV A
B3718 9BY & JEAES AVYY, BRL TH PRA ART A BEL 2
sheh MG & Aok ole@ ¥4 M@
AR PRA o 71¢A HE4E A4}
U, dutd oz @& SSCol He F= 4%



A ol5& zHA "o

AEAY FHANL 0§75 ARES} 452
Ao UFol koA | 271847 ABe £
1Y L FAYIEC) FEHEAS BARE o] AEH TN AR o

&3
g UAAAR, o] Hries Y235 FFIEA FuME S

ol i 1L ATFH. ol
A(HA H7t doiA, 724 A

p

A 221 R 222604 =99 g b FHRY ax9) BRe FPHo=
D Eolol BTk o AW HNE 1 AwozE FREA gk oldd
4og, 27 £AHQ PRA Akl gsH dAARe] olFolAA Fee BY
S itk WAAge] WAk AAC 9L Fol W WFATE A2 A
s o SOl PRAE 2% 9¥L REcth PRA ¥ 43 471 $FHEA
g noled B oo wddA AP FBH, FYH £ BFI} o)F
44 # Yok Aol FEAYTHE ARG AL kool ASHE FFF A
S0l YA FFY S YA, B WE FAG Holokdh

ApEoz gaagr WA AFNE PRA HHE o)&dte AFH =
3 Aol oj=Fx aFEct oE ASolE: PRA AMgo] FEYIIE I,
A AL FEol v Fag add F ok FAL wiES Hriskr] AR
ET2A PRA 2 #H g2z B LZEYIE AR F83uA e
@72 Aol itk Rok AHAQ Ao “alx=nE7e] Algo] E3E o]
k. o ZA, NRCS AiAE B2agR 88 XFE 7|EAFAN RITS) Z2A
Eo ti3) ¥¥stn Yot 28 At A FEHE AL, o" &4 3yt
PRA 7]8F ulole 7lxm AEAQ LCO 2% F2e thAstA 2 4 o A
A7 HALE AAAFE A YA LCOS AP u), 5471538 J23 F9& A
AN AP Wde AAsEH PRAY AMES 538 Bd. a8d FEY
3 WA Aol B4 BHse Wdy pEY P32 FY 5 dE A
PRA Edo] aFEo]Ath ol 7L ujde] WE gaaE mde Q254 9
L W] fRo] FhHoz nEA mdo| aHh

sty d2M 2IYgR E] JFEFHAL REISD 71 305 o 3EAH M &
doll thulst F71Her FArtE ok 3t W@ 84 F AAste U 7|EL
24 g3 FAEV AHSEY. 29 HASRACdA PRAY Ty AREE 2
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A 7 g 4287t glgol BEAT. e, WHE IF RESI AAA s
PRA 71%3 Mol daide 23 AQY WIwe TFAT

P2aRE AR o8 WSl NRC 29Eo] S4FTNA LA He 413
Hel F5d Rolth. WAANRY oy FEE WY 9 el e Fad
SEE A 423 AVIE 45E PAAE FHA Aol we 88
Sl QloiN, WANG $AF ZBAlHolo} S 53 F 2 2L Ao
20 gAML aas ARD ¢ Ak ASPA AHE F o, 2P PA
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FulAY oy B AR 8-S AT A49A AR (PRA 38 AF)IA,
Fussell-Vesely 8%, RRW (Risk Reduction Worth), RAW (Risk Achievement
Worth) &= Awlol 43 235 &Hsste Wl 7MY T2 FdHE 3
Toltt. a3y, gAY FEE 93 ol FLE ZﬂE-‘ll Abgoll oM o
Foldel & B sbA "gle] gtk Hete] giREe WA= ATE EESAY
A F#@3 7Yl g3td dEE F Ae Ve BAS #¥dd ool
o] A¢E AA3 =93t FrE 27FA "ol ¥ Atk A9 (D) &I &
A3l M NYAR T HEse RolA, 7ldARe] 2oy 7] AANE
Hg3hs Aol otdn, 2) Bl&=a £Hste VAR MALE AFHe Y&
= W3e BrEA #EE "ok itk gElA, APAE ol dALS AH Y
of 3}#, 1E0°] HA3) HFEE BAsol gk FF3 FYPHI, HHE o
717 #&9 285 AT AAYAAA AFE 48 ATIn-

PRA 2FHS 223 ¢3 dde gL dAel o8 9T T2 :
FF2d AL 2d /1 2 I (d, 94 AIx £ FELAAnGY =LY
oA Wg 2), AHEHE HolH EE Agd 4371FY Rejoh AHEER, AR
£ PRA 7} 71$H 02 ARBAS ngsiol ok

&Ho2 PP PRA o ALgel ¥7hstel, 714 PRAGIA A 88 & Sl
24 % 250 Y] £R5 29 Fu@ £¥ YFHolol ¥k dm=,
L5 ARl 7)Y B QHEAE A-GAFL /19AAA 2FFsE
ASRE Aol B4E RS FASE ANANA ATE FRE, DUERY
AY EE FRE W7 A7} PRA 29 ZW, 7HY, Hlole] ol PAE 9
AEE 9387 A9 Vg Bhe Tystelol doh mH Y AFHlk &
£ Agso] o] 2o A= AUk

Trunction Limits : A}d= A2} A8kx]7F A4 cutset MCS) o] A2} FA§o| =

E F8% 7l9dxts}t ud AFHAG A =8F ¥ TFHES, FEI
A AR, 7—‘1015 CDF 9] 95% & Z 33 w3 53] @& ZAAdAdo}
dth. PRA AAFE (REFE, 7V5E, BE REFE) o et o3 107 ~
10°RY ¢ A2} xﬂfﬂxli WMEE 5 gk 712, MCSY HAFFe &4t
¥ Mg $93% JodAg 259 =3 o] EFH JUeA Ffsteor
gt
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Risk Metrics : ALFAE @23 $AEY38 3Ao] CDF 2 LERF =2 9@ &
A7t 13 EE BAd}Aof o}

a2 299 S A9AE PRA Bdo) ATy dvle) HE RE 4
b eHRES} ORold AER F23 SYEI} 98 RSl Bk PRA
EE 7l FEade 242 i WP, ARAD 2 3AAEY SR
RE ehdol F88 7R e] meiH ook Ao

A7 HolE BHARe) N ARE A4 25 o] BHAH gF SR
7o) WAL} AR o3 4% oo} B}, AliAtE vl BRI} Holy &
Fa4el 3] G A FLE FZehajo} Aok

A4 sV A% W v 2453 138

FEYA B B WU A
1837] Sste] FELATF (CCF) o] PRAGIN mdst Holdch Agare o
AZF8 FFEFVL BE CCF A $52 59 194 /4 TPt 7154

, CF
W 2 AU 53 22, B8 7]E PRA AMASe Eans ugsi=xe A

of 52 71719 FREE FANIIAY, AFAFDOZH
F dth. oJd 7)7]= CCF o9 7jodx ufio] -8l
F A, i Y)7le FAT § AU, CCFal9 Vo=
23 71922 EHFE $ Utk

27 zAo] U@ NPE A : PRA £ B4 Rz, 53 48 AnAY
o BF BFzXE R4t 2Pz FFse A, 24N 2 ed
A4 Wk ol A @ 2X Sy o] 8715 Aol HHG, BFz
ATEES ANsE Holk ou Are F@ol AU} U o AL EA
£ o B4 AxASel tatd o}F ke 4z dRHel, B A7 A

a3 AdAAR BRIE SN ARG G, Aule ERA AE
A Auelod AT 2uEYE B7EAd os F¥L wE 2L 6
A8A Zaith RE BIZA AAHE 43 A6 BF7 g =
g Holy] fate] WPE WMo AgH & Ak AdAE BTEAY R
o8} ANEFA Al JPLA Gee BATIo} Bk,

b

4% 7171 EAG : o Ho] &3 vk} Pol, FE HEe A AW wE
AH zAWE Yrldo oz A opHE shte BAH EAL ©d A
FRE AEst A% £E 2F0) MM A gt L-FLEE AR B
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I ¢ AF EE 2FUY BE 8450 3P AAYS 2E

(2, 250 FHA7 S ASY ¥-FLEZ Aste] Hulst

AYAAE Eobrh e+ Ah) ©F7)Y] kg e F A

siet. w AT EE 2F Fosd BE AFY A=E FIT

SAE 717 £29 F4E Az AR 2R U HTD V)

£ Rolth T A% RRA, AT WAAZe T3 9%E APeA #F
Z3= A

t9e2 dFshE Rol Wag Aolwh

o

AT € OF T8 AEEAN 99 F8HE e
Hz7h AFETE, AMdAE 1 H2r 2§ viAs &
2o g TYPIFEAS BAsAol sttt AriEE LY T d2A ¢E AR
Tejd) Bah bEAE (front-line system) o] thste] she] 7hsAde S
o] 1% FAZE AARANY WE F& EE ARAAY WE
Ao 2 X Fussell-Vesely @29 AE o5 IFE AHostes AHolth. A
o 28 orlsEe T AT nFeR QA% VgErt EAd EFH A= 7
AxE 2A2YHA sla=ojor gk FAMSHA, Bimbaum P49 HEx=
A& AT, 2 FE FAs, AFHY BASE ALAAE AFgIe=
Fosle Aotk oA A%l driy AF FLEHA 2 AWV A=E
T3 oy, 94 NQEA50 4F3E Hoh EFSA e d=2A
2-division WHAE 7}A&) XA Division B ¢HAAEFY 14T HHE3IA
Division A X 9AF9 uge AgzA ¢HAFT 1] AT & Ud. A4
A% ¢AnF 712ed ALE Hste AL ojge FHY VI9xE U
sHA Aot

e}

—_—

2% oo A

HA3) FHE I8 $FY FoE HeU g AFME, FAHS gAER S
A3l FF dAAR ARG dEoz A AGAd A% FAGH BRA AE F
of ¥t}

85 Ax9 23 W3 #A : FAE AZE P23 Hg AHPHo=
BASA ek oA, Auyt 3 ' At FAEEZ EHHCF s
& AA3) 98 AgEe Ax g A" SlolA giaa FIgo] HHAR
Mg AL FREVF JIIFEAN Ev 2FFEANA HItHEA S EA4

oty oE =4, PSA S E&AIE AZFFo A= 0.059 Fussell-vesely
2% & Agstn g, 717FEE WA e 0.0059 FV F8E g AL

2 p-Eargo BEEd gdk 7)1F& CDF ¥ LERF 9 #H3]
Zoll 3 3 &7)E BHHojoF ). o] AL I VF] BEE AL O
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s 14" ZHo|7] By 714 CDF 9 LERF &} <0 W w
A, AFGAE AR E 7)30] o] BAd] AeH §L7) A BASHE=A,
a3 ogA FFHFEAE dFetdor ok IFEY V€] AHEEHE B
-, 712 WA BAs H8UeT 23 S BE EF 3F5C A %‘—
Al A el Z\xstojof g st AAHo o ot

oloF &
F3 o

HFHoz AFstE Cutset 3o XFHA -2 Al . HF3td cutset o <A
¢ FRE AEE, FAHAAY, 1 A= AFA A3t A=Y HEol 2
BrE Zdo] TPHA g ANES HFHA ded LeUR AFRER
A ATl FIA &7 WE] AYE BHELS FRHA ¥ Ao F
g # 3t AgAE o] dWEe] neds BASeoR o
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A=A
SN AAFHE st o] AHo] %71}5131% FA FAEA (D) = o] It
HA (Task DG-1061, June 1977). FFA|EAole W7ol HRdx gon, ut
A, o] AR A 14 deir e dxe %zﬂ Aol ZAAdHA Gyt FAEH
(H) 2 AAE A8 o] &7 &, =& PDROA F8E EANE o]&o] 715
3}t
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u]3 NRC RG 1.177 (FEAYGR)

WAL BF J2APREE JAER B : AEARA



RG 1.177, An Approach for Plant-Specific,
Risk Informed Decisionmaking : Technical Specification
August, 1998

WAL DG AAIRGE XA B : AEARA

A. NE

PRAS| ¥ NRC FAAW[L dBA oA AR FABNE AAs7] 43
o PRA 71U St} BEU A% WFHD ST NRC 299 PRA 0|32
A

< o] 8ol #Ese dA \l"s@%‘*olﬂb} AGFY &S Hedd. AHIH
o F&st FAFA stel BFe AE EA i Z1eAAA (olst TS 2 3

W39 2A4E Aol 3o PRAE #&3t= Aot

4 5949 2% 94 RG, SRP, BTP =& STS 5) o £&ste AlYA Fxo
de s oa) £4 AFHA FeAAE o8 FrhET A
£ HAAGAGE Adey] A3 gad ARE AFHAT & Ao o
etk 12 29 43¢ 9old AR FEo TS WAaRe 295d 9
A o] APl F1&ste Baagn YA oh AFHY FHAYL o) %
e} Hrhe 4 Qv 2@ Al Qe ASAF AANHA GRchE B2
Aol ragne AL 2TLE 4 Yok AL TS WA ¥ J2ay
27h 2o ANEA gow, AEA WPe B ATA Huo) A
of AHAFe] £ & JAEAE AL As) 2P A AT 3w
g AR Ho), AEATC) AT 29 ARAFE SAAY W
At}

TS 834 ol tisf o] AFelA AAT A} o Hee AHEE wjAsHA d=
o @A, o] AFL TS ¥AE Ay H P34 ARTE AHEE o
TAAME AR o] dB/AEE M3 E = /AT

A

= QA8 R] (AEA) 182a 28 AL Y37} AARAR FAF S A&}
=& Q3
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e F FF, &2 AL, 49 B4 BY AR 9497 FY EE
A€ B asivn AFse Jg JRE EPHE TS £ $FY Pos
g B2, B39 A7 ddd Y AEP REE ATHYL TSt ¥FE <
817kAL 9] Y xolofof e},

10 CFR50.36 (TS)olA 9¥3 = TS W&o #F FALADS AAI}AT )&
T3, Ad3 = Atndds AnALe] 43 BAHE YFE BAFRIAG. 1
g, AAA7E 25 TS| HAIYEAE FH3leE dA" =83 WzHe
ARY FAS AY BER AFL BIE Roz q4ddm dFSt 10
CFR50.369 wat TSE o9 s7HA FAEFE £l o] 2789 : (1) ¢
AAGA, GHAT dZARA L AAEA AR, @) AAR=zA, 3) F7A
A 87, @ AA4Y, 2 (5) FAFA

1980 dth F o] ¥, NRCE éﬂif& HFE2HLe <t

AR &3, A3t sk NAAZE dFe T3 T4 Z5F HE
7] s NSSS &fat 2Fl s ALE A= ok e & A E A
At o) ARFHUG. AM ARL BEF 7] o) HEFAAZ (AOT
Allowable Outage Time) == A 7]- AF7] (STI : Surveillance Testing Interval)3=
o] &ttt AA UG

_4
:d

19933 7€ 2290 TEE TSI #3F AT AYAEFAAN Adde g5 2o
dFSHAS

TS &8 ASAF FAd Aol Adates Ed4L I PSA E&

21 23 383 PSAY] #E o875 EEE F8Y AoE ¥
ALEHAl, NRC 292 TS #d AEAMF oA €
ojch ¥, Y33} =2FQA A TS TR ¢
Ae Aosty) A% fd2aydr ¢ AR %
He Aojo

A¥3= 1995 74 10 CFR 5036 /HFES U7 v o[F & A A3

19953 84 NRC:= PRA & &-8o o th3U&e X3t AFYLILS A
Eipiag

* PRA 71%¢ B42, NRCS| ARFEH FAFAH AFAY 43Pl kg
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Haste Wgoz A9 PRA WY 2 dlolHEAN AUEdH AE7A B
€ TAGF et ool gt

71&9 FALA, FAAA, 937} A} (License committments) 2 77 A -3 3}
HEEE B8 BFEAAS ARy Aste Jhed HAY 7 FoAA
PRA & #dA o (N74= A, EFHA 9 € Fa4E HE F) o A
JTo) ALLFojof stk FHAF A%, 10CFR 50.109 (Backfit Rule : AF 3 &
T78) o W} F71e] FALAL ALEE d AojA PRAVE AR&Hojof 3t
o AL WARH PRAS TFAFY] A APH RS Awsin
Fdtdol gtk EE, o] A o] x3dtE vyt 71EY 74 R A A
AR & AS 71FY AL F53E HE oo gk

A AR e Adste PRA Byl JVsd @ AAHolojok srl, Ay
AEE 95 448 HEARSL FAHLE o) §bsselok Buk

AALRL A et fze AL AN £2FHEY IS
oSle A, FABGY BRAge AW neiste dAPuds AAF
E % Rz AFH ZHI} ALLHojoF Bk

AARE FAM, ALIE FALHE Y ooz AFA tF 7] Eoke AA
27F A" Aolele JUl7S ¥ 3FHct ; PRA insight & &) 93 A
Al A3 FALA 23 A ; NRC A9 Boh &3 &8 5 AFEA] o
g EYad AARE Az

TAAZ e &3

o] FAAZE NRC 8o F&g&etel we] ¥ g2andE AH&sto] TS WH7F
Aol EAF &S Hrlgd QoM HEVMEH WHE M@ AFEATH
A&Este gd23aFR JAZHoE AEF = 29eAd g AF) = o HAA
HolA =95HE fAA2aAHRELFA RIR : Risk-informed regulation) o] Z} =
EL =9dtder gtk ARdAle JAZAS 93 Hhd (B34 Ee ¥
A, A5H x5 FEE3), AHE tolH, g2aARYrirE Fol AEA AFHEA
£ A&stodof gioh

$ABA P2ad AN IFL B}
Ae AASE ° AlM Y2AYRE



Fote ol U@ 299 2PNPE ANBT o FAAY NeW 99
2t Jlg F59) TS WAl Atd & sem, 3ol Y A% neF A
g, c7lel AAE AR TS WA A g3 e BAEL WMASA gk
9A, o] AMe WAL AP e AxaNA FA AEHE TS WA

]

A FAZPN YoM QB A =g A wAAAZ, AL
o2 AHgHA HE o AP WHL TS WA AXANYS wAE A4 B
T, AAALAGel WA 9A % eARY Aradl AL GUE B

-
N

zl =l ol m Od

Fota YAe welew, P23 12 BEFOEA TSY AOT o
STI 9797 AR 54 2 9% Bk o 387158 1Ee 71ed
o Hrlele HuY J54, A, JEE BE ok 4F/FY welE
Fatel PAGFE B 43P 4 Leisdor aoh AIA BriARE
37 9% AEAYE A AT

¢

<IN

o]l FAXHE WANGE ALy Y3 AN AT AN EE AF3H 9
& TS {73 olqdH % HAsHANAYE 74 "ok

o] FARNL AAAIE FE3] st olsrked TS MAMGE FHAL,
TEY7L A= TS HALYAGE A A1 Jris mHYo] AL =2 F
J=F 3t= 387t X8 &5 AT

YAIAARGL TS ASMEE o2 TS 879 FT7HA
Z, 4 AgHo HoHA AL gFIoE HAHT FF
"k TS edol te 154 W73 (54 Abdel dis) M2 gg 830 axd
W) £ 23R E FhE ASY £ AW, F3 B 3

BAED o FAARL TS A7AA xHe Eoh.

A x] XL x o] A4

RG 1.174= S 2aRRGL7A dAFAA O ud gutd H2Hers A &3,
ZE J2IAREE A AHAG FEE FHNEHE =93 o] FAXA
53] RG 1174 AAE A&7 GA&A, 28T o AT 24
JEEE TS ¥ ARE A3

rlo



o] FAAH EFEo] v FRY FHL, FFAAT (Office of Management
and Budget) o] 3] &< ($UHE 3150-0011) ¥, 10 CFR Part 50 & @21 2
& oFojzict. dxl %E?‘?} MB #E¥37t BAHA & 29 NRCE R
o 3L FIY F YAY FIFE & don, MU FRFFA S A7V
Ut

B. =9

234888 3%

AR FARA PRA HUE Ve Aol BF AP 2N, AL
“NRCS] AFEH FAMATH AFH AFgo] FeE nEshe UL ...
BE FAGT 9olA PRA 71%9] BEo| Frslolor B g AoiRe X
Wadoh TS WA @S AR AZEAC P23 1S FEE AL
AR AAEE Asted 290 25 Zoh

NRC 29 & A|QHel TS WA S —Mvgﬂfsm A% HebsT WAL Bl
Ak o] ere AE WAAZS) P23 Fexd WY 1 PRA W) &
£2 B3 £57) o o3 AAPE AFA %1—}24 B7rave) Aagel 2
ZHe FE NRCY 878 AARTH ALH WA B AR 98F

Hoz oloiAAl Hw, 7

A22ARTE AR 1ol SO, TS MANTE A AU e T
elol AT o]SF YRE RE ABAA FHH ARl AEHE gojE

= 2490 S5 (d, A2Le] B, olE Solz Ayel RE W, o 27
Sol 328L 957 A9 P23 Aol AP F don, B A8o|
AT o5 93¢ e 2ok

tAge, HMss) WALY £ FRURH WAV Qe B A
%é‘%} a. TS FASAR T AT F4 A Fe 7

%A}f;}% f}:‘%ﬂc}ol élfM 2g8 A FALF 224 ETFE AL
ks @° TS MAEA ] 483
FEE AT A ALY 229 28 AH



& FEY FHAREE FA57] 9% GIY BYL TS WARAN H5

o

4. WAAAAZ] CDF & 2239 F715 =4 & W, 2 F7l= v
ofof &, AAEFXAF ] o FFF A FALF 232 o] 49 F
o % AL AT

5. ABAMANZG R A FF A5 AFE ol8std] AAE A A
U7 3.10) =94 384 o)y HIHdH FALH 324 =4d AuAAH #
gl M o] 99 FEd AFE AFI

]

o] 9] o]qY3 BAT /PR E RG 1174 o4 F75shch

ZIeAFA M7l B3 FI AAIAA g 484 H2wUh

719 B2IARTELE gAY e, 2 AGAT} olF A oy
Y Aol 9oz RE FANHE ZE Frpi 2 HEANIEL BE AoE
o 43tn, 29& RG 11749 7149 u}e} go] s AA, 28 2 718 NRC
g asts P WAALS Hrley) g 424 Pk Awsiich
FPE e 58X 0o B FAG =k Gy BEEx gE gl a2
ARYE TS WA B 494 AMBLo] =ojHr),

Fejo] 28
R =55 oINS T E
<L — _ s KI; l_-L—o =
REuEn pae D Z3 t? SEe adoiv=s
=
8% 7|1EH88 R 2| A}
AZX
== Z3
. L= g|A30
5. HZAlsl| ZIA|2 CDF = 2|239
o5l M=xX] El= 0|0|s}o0}
'l"lOH oco=o 6“]1 oK 2 5
e u8 o, ORSE
FMTo| 23
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i4 || PRA
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ofm
12
Of

1. B Are 2. SEEHY 3. o[&l/ZAl 4. HFH| et
X 9| 28 Z2%Y HE
g

I9 2 g2aRdREgg $dL: 3F JAHEA a8 s

824 1: HAASAE A9

APAARE WA s 9%

3 #dse o] 8rbed FHAT (d, FEAVEFARILA), ¥, = B PRA
ATFE detd Bart Aok AIAE FAWE A%, 717 EE RA
A g Eds HeAx Hristdor dn, WA 4¥E FE RE
PRA 245& Hotataiol Aok TS WRAGE N&stn 43 o
A3kl 7] FRE0] $BHOE ApgHolol T AIAE WAAIANTE
Watelol s, oA Ay F4, o B Pas ¥E L UL FARH
7r 22 ¥335le] HAAALE o] PRA AMAH 2L olBA FZHI{=AE
Hgstolop ok FAYE 1S La-1¢ Bk A3 =2 Aok

842 FN 3

AGAE WAALANG] EA AEIbER FH R THE FHEA A
dstel TS WHAINGS Frhstelol B E, WAAR] BAL 4 B &
49 Awel B0 YA JBe FEAE AT, WAL BE @

AAFEe] APPE dAstoop Aok ARdARs EHL R AAA 2dAdel
AAAJAG T DA BAL R, AAARANGLZ A A3t $82 F9FL
FAAZ7) At RAAzAZ HRA # JeA T LA Fo-

AQAE BAL BaZel RAE TS 2RI Astel WAALAG Bt
o YARNBE B EF FYselol BTk B WAALAD 5 9
T2 wE $RA 54 v L Be AN A4, AA4 L o8



93] T stelop @ch siAel Wag W9
% 7)o #9s, AFH)Y] Brh FA
Ae-e AN steIo} Bt

ARAE Beaad] B AFAEA 2287 A5 AEA LANYR A F
e FEEH DL T AFAXANLY HEL AXSHE SAS AN
U HEAR B AEANE T B YA ALH 25, WRALY

f'

Foll &3 AFH T4yt APA, 2 H8AHA vny Hd: P23 WHE
T Lstojo k. WA HE/MEF AR BFHY A o] RE FoFE
o] AA3) thFolA ol Stk TS WA B3 HEr15T TP} Lt

3k Aol FADG 20 A EH Qich

84303 R A 22 FHo

AtdAe ged 2R
gt (1) TS %732& il =

WA I B A8 F cud el By Ae A 4
R lEEI WMGHANEE B oA B Fi dod AEo

AHE BAd 2230 gF FAAYE FALH 30 Ao ok

824 : AAARATR AZ

oA 84 SAWEY EA3 2 AN A 849 AEH BATC NRC
< SRP 16.1 3} Q& /PE A #@ NRC 73 (10 CFR50.90, 50.91 ¥ 50.92) o u}z}
AEES AEA ¥oh. J23FREE TSAF H/HE 4% EA435 2 A&
B AL o] AR FAARG 40 AAH Aot

C. #AY%

1 941 : WAAALAF ] A9

1.1 WA Ay

3AEE UF3e AES TS WH8 4%7} AEE H%EMOIE i
S

Ba% WA
o BE, TS WALl BE FE5E ARE O WF F s e 10
ol &t
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L F 27€ FE3UA wds P23

1.1.2 FA LA golA 23 A 9#AA

ALAL 2Ed 9F 23 BAd @} AALE &£ Uk TS ade
A ARAAE 9937 YA WAE $ Yo, oA 87 AL Byg
2 4AsA SAY BeAR £ ste AUAIE P wIF
Rt 'T‘E- alc} TS & AP?M Ee VM IF AA @xl dad
2% 5% &
_Tt_)r

A9 TS 2de 25T 3olA BAL B YA 2ReIFe] 2A
88 FARRE AYH7) Aol WAol 23 F A Az, HA
e TSo] Aol® AOT HTh Aold & vk AFHE 2
£2 $2€ 4 37, BUAY 4 BEE HUY 5 Yoo,
Ah A HES PAAAEE 2ABAG 2137 agel g5 st

=5 =
92 e BYed A gL dHL: FARA 23 & Ao 459 7
¢ WAL £H A4S AFTE FE Utk ; o] A WAL F ¢ ¢4 T2
d FEo & o B LA FARY ALE TFHES T & vk

F5 TS ¥7 Fart i, ol&e] MNEH

o] #& AgAVE 2 F -

TALE 53 WAUE Au7t fAE 9 o]l stk

TFADG 201 71Ed FHHIE BE DAL ARHARI G- AAFH ok Frt
& T AX oJHe] Ao

= w249 AREZA, AYAE HAH A2 W] F7, 2R HAH
Z 2 76§ CDF =719 HER AALY owste] U3 59 2
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o TS WAALAGE Brhstelol Boh

AGAE AWE TS M7Ad Uiz 4% Ve EE AAE Aoz 44
o VewAe ABHA I 2 AF A L& Folok ¥ HEE 9
3} PRAZZ| AT TS AT AEHAME ofvdtt. TS B3 %
#7)1< XA A (STS : Standard Technical Specificatrions) ©f|¢] 314, STSS} &
A5 WA YA UdutE HEA, A AFALE, AFA FIAE, AF/AE
A% AAF nAEY TL TFHog ool . AOT ¥ STI HA
o AMEEHE EF #IE ugop Itk 92, AOTE 8AIZE, 12A]7h, 2447,
T2tlrks, 7Y, 149 5. STIE BEE 12A17h 79, 1744, 3709 5. BEBYY A}

< o3, Ay, A 2 AAE A dEIFAATET 2057 =84
Aol A sojot ek o, GEAGY HulA A9 (out of service) o T3
AOT 878 74 AEF & Ao v AR HA ook gt

i

21 71EF A A

TS WAAJMAG F7HAl AAdAte 23 Bge74 43 14 538t 7)E5F
J, BE 2 g }3574 50 FE59E gdtdof k. TSo| B NRC 7142
10 CFR 5036 o] A<=} Aok TS HFHo| B3 F/AFRE TS /N BHH
(58 FR 39132, 1993. 7.22) o] ¥ 3 5|9 ﬁlﬂ} o] EME TSS9 F884E Y3}
™, TSe| X &= ojol & FEo #3 71EL AATT. HF FHAHEH 10 CFR
50.36 N FAAANME TS /RS 93l é}g%’@ e &85 =93 Ao
A& 7pAAR AH L dFo] B3 FA4HL 10 CFR 50.90, 50.91, 50.92 o A A= o]
Atk E, ARAARE TS WAAAA G AR k&AbE 7ol EYA] WEol 3
eI Hrto] PSS BRG] oF 3.

22 A%3H ¥ 7t

2.2.1 A3

S8 TPt TS AAAIAGS] FFo] AFwo] ool RPseAE ¥
7¥steiop @t olEl@ @AM, A e AFWo] Aste] KFAPL B
e Ao, AFwort AAHE W WAL Bastnd e AL ot
AEgol Ate dRYS AL A% OFH £u9 AT L MAEEAY &
2 WAE 98t A5HoE A2 AA L Lo FEH gk A3
Age My 2 A5 BHA4L nAY) 9 EnHd Yo e
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AAH fT FORE AS 1Y Aotk AV, FTAH P2aAHYo] guHd
e FFY ART HAL BANY] AT HAF 43Pl A= (o, =AE
3, AdAE 2, 2% 948 19 7¥) & Bre o AH8E 5 Yo FF
4 gaasidel g2 @AY, @ & 9 ASelE, a4 1eF 8l 2
5 430 weAgel ASHAY FAHlo} Bk B AWAAIZ,
ZARE 2 9UTANE 5% e IRHAAY £ sl gk ©TF
g, Brhe WA Alge] =4SN, AYAT 1Y BT £ U@ oy
@ 2 93 BF) 3} A9 24579 FY FAE P T stelol
Aok delA F1& T wieh o), AL ARA B I4H, AFH TE 8
£ oj® ASE ol WA ALY ALY FRAY WS Hstelor @

AR W7 AL AEHe] BES wEIEA Hrlstol duh 4%
ot ofgfel 2oFd upgl o] 4 A 842 FAHEG o] QAEL AFY
o] ¥1g A% AHoz #4F 4y Ve FF5F FAEAHe] AEE &
4=

SgAlge] EHW 45 Ho Aotole RPYl AAHE Aoz BFIT

A&, AGAE 1 8 ¢ A3 g45534 #E AR
Fxojo} &}t =, 10 CFR 50.360] £g3l= TS WA ALANEL -4
AZNEANTS RBE d HE7ES FHs=H A 118155} T8 °]
e AR Aoy 943t AAzY FFE AFsA WA &
TS M7Z 8L TSHAY #HE /Mo SAMALZ s MER AL &
AxE A2 A EE AL e 35 2 7Fs4E STHE 7 3

EAE (10 CFR50.929) &3 a7-¢) mfstojof Pk

lo A
1m Ml
3 of
_°.

AL AA AL R 8 Z2aRY FF Y &= A
2 y3ojof @ F, G#F Z2ay spH6 A AAFHoE 1-41F
T FAHAE AL

g Wx, A% vAe A 9F GLEFE A% G54, S8, G
Aol &L oo} g} =, 2= J9A (risk outliers) 7} §lojot k. o
o gm0 mHolof 3t}

S 034 2 g9y 998 dess BAF A 3RS Ay 9ekd
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HAY ARG E FeA A%
- olml AgE FuAde A3 AP AOTZ I | FHsfor & HA=x
A7h serso] QEA g%
LAE AT GAFTE gRHAAY, ERL7 8 MR dd T4 8l
€ W Yoz Mug Mu2RY ANE AYAE A AR
- TS 7o) @71l vlAe o] s olok sh=A AR J2A A
FFAAT AOT W7ol AYFA7IT AA ol8xet Az PX=

© FELQA nFo) dmF Fojrt KAHolok 3, A2E FTHLA 1P
9 4% FlsAol Hrisolor k. =, TS ©iA 23S AOT =& STI ¥
2T BEE 7MY $AUACE s ojHe nHHA F}E MEE F
AA1ZE HLE F J=AE 1ol St

« @EMel YAl AstEA goop @k F, TS WA
A MEHe SPHo dFHA YL HASE FU
(e, AGAE TS WA,

© QALFO] GElF goirt fAHol Ay F, TS MALH2 AOT =
STI V7% #¥E 7o THAE A3, A2 b2 FAAT M2 o
BN NPT o AAF AuisPosiy SHAT Yurd22 ¥A
T o), XY 44 "E WAAY o] s 1 R A= A

LFE AU & ALAE Tasiclel Ak

o[ﬂ e ofr

N

* 10 CFR 50 Appendix A9 UWFAAE =7} FAHJoF Tt

222 AA{F =

B33 ke TS WRALAYS JYol FEY JdefEe fFAnE AF
of BTt Wit FUL AT HYE AFol of

* NRC7} A} ¢ $9% I= @ EF (o], ASME, IEEE) =& Ate 35
k. F, TSS) AOT Et STI WAA%e] AT B F8 = F
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© FSARS W)Y 3B71Ee] FFHFAAY, AL MABA ] 4 R HolH

| T A=2 dF A/FEE AT F, TS

AQtol tAsAe] 71 EE YY) dIFS FA & A

, T2 ?QQOI YT Te=ud d’éd (MAAFET AL EAFS EA3)

23%5}7} olFolXtk. TS AOT WA thste], @7t AOT Aefol

s ARzt —3: dE%) FSAR] 38 71&d vlA= FFo|

7}5101°¥ ﬁ“‘% a3 HotE T AgEH AOTZ9 ZSgle g 3 9%
AA7IeE FFNA L & A HeE EE ARELS Fgstoor do

—

23 Y239 FU}

NRC 29& TS AOT WA ALY #AAL 23 F AFATT H7PeteF 87] 4
3 394 (3-tiered) HZore AAFGY. A I(Tier )L A& S (CDF

TAEASE =3 (ICCDP : Incremental
Conditional Core Daage Probability), 2@ &3 2§ dl&dFHE9 = (LERF : Large
Early Release Frequency) & %7 tigZ7|758E FE (ICLERP : Incremental
Conditional Large Early Release Probability) 08 R HFH = ASZA TS HAALAL
Fol ML P23 WAE FFE Hriste Aotk ‘%_’f A2(Tier 2)= W33

#AE Ao Fr12 Aulzt Al MulzdA AdHe A9, £E AF TE 4
H1 8] FA] A@FH o] glaad F83 Vg ARV # 154—‘5 Bso EAE F
A= 1-gla= wjd 7HeAE goddle Aol o] Bt EAHS WA #¥
3 Sz gdaaze wdd dsly A-dd AAEE T UAES &AS
= Aolt}. AI3(Tier 3)& A8 = 7|El SAYPHRZ A orjd= A=

A
ggo] Ygox BFstn g2z Fa% wde] geotEo] RAHES §17] 9
dtad F wld A3 Be Z21YW (CRMP : Configuration Risk Management
Program) & FH3lE Aolth. @A HAE T3 Feld B FEdAA Yt 4
Hlel #A3lY g2AF e wide] EA3MA o) FAHe A5, AOT H7A
¢t BA3E HE3e Ao Wastx @& & Utk 7 A TS s o
=AE AFWoirt Rz EXEE, tdgd =osHe A3 REE TS AOT H7
o] 3943 7 2vek3-tiered approach) AlZHtolz}l QA3 rrIE WA 93lo
AzeA e BA G i F713 BRES AEdoh

Tier 1 : PRA 9 9 w13




AN AIxE TS WABAe] CDF, ICCDP 3 HA% 3§ LERF I
ICLERP o] ol3& 93¢ Brhstelcl deh. o) H7kg AUsty) A8 2714 2
Yol mei® Wast 9ok () PRA &4, ) PRA 12 3 2o AdAbe TS
MAALAGE Bl 159 PRAZH REBAE UFsheiol sn, TS W
o) Wik iz wAE TS sostedo} Bk

Tier 2 : WAL g 23FQ wjd A

AtgAE EAdAY 54 AuZt TS ARALAG ] Fete Hqui25H A9
g o gazd Fag ddh dv ZA) wde] BASA] Ees FEHLE B
Zatojol @vk. a3 HrE FPSE AAAA WHF e AOT HBAL
g A7 AuA2RE AoEe gl Ft AL PiAa(Ee G 2 4
HIZY Z1ste Ao wet dulg Priste Zolt. dwle MRl: A9 29
= ©A1 ICCDP &g tiete] Hriste Zo] g2de Fad Mds oo}
ke shue] AHEE Wlol @ & ok 4 s ARyt J¥A BUHEE,
H&Fc 283 FdL WEE H3}r] H3te] TS Be M dis] " Ad
°of oA i Hr7t £33 £ Aok =, F23 IUHE 43T QU=
Hgsge (d, 9 A, A71d3A W= $7) e M R 2s5Fd Y 3)
7b BotElZ Hris ool @y glaawgrl AnEA B A4 BE 23EA
Aol el B ABNEEL 7] DAL A Hed AAH TS W3E A
889 syl wFHo o Ft.

E 0l

Tier 3 : d 23R WL wjd g

AtdAtE Aul g ol MulzoA AgE Awnje] YLz PEo] A3
Bt S BAste Z2aYPE /Esteer dth. Jhed ZEaY S AARAF
g3 Fag dHL AY) FA wdES Ao gEd F IA e Helth
olAL, & B, dn) o] fESE, AY =t F243% B5FH (load dispatching)
T AP T 7|FFH] LA glaFd viXe IS FUrFeEN &
AE 4 Ao o] AWK dAE BHAL dF A 7|7t (extended periods of plant
operation) ol AH ¥ FA He GA2dME 71 EE 223 T8 WES I
o}8t717F A7) W&o Hasit

TADF 231 - 237 2 25 A & 47 3948 A2ty &
) dtH o FAYF 232 - 235 2 HE
e, TAYR 236 R 2372 ©A2¢ ©A3 Y Htg tEC

0,
tio
rir
Lo
=
£
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NRCAE2 thgo =oHE RegA STI WAAt mejgojor st o8 7}
A QAES ottty 8931, AAdAe Hrigd STIE 3‘}9}6}'7 A} STI
o BEY 23 J|9dEE ARSI, STI P19 BEy BHANLS 2] 93
s 9 BS3AA HrtE Pslejor 3ok STI WA tigk A f2aHr)
T TAYT 231236 2 ¥-Z Ad AAHS Sl

=
255 (B F7HA 2F), PRA F3HE

Fe o& ‘HOk zz}u} A}?;IXM PRA E3& A3 Y8 AHEE & s

o] wrehe PRAC] gt HME7L W7l (Peer Review)E 33t Aolth. o] 7
* ASNFE BAEA, BARY A4, Fh SAAG Lok, WA AN
TS EAMgslojor dith. A PRA WS, FM4E 2 PRA FEE 2AEY)
dal A F=9 PRA QZZ2aY W PRA A3 uXulm AT Fo| B8
F A AV 2oy w2 477 88t 39, PRA Bl 2 3F =
v ARL xPSe TeaYe) Aw; B AR 2 oq Ae7t 74 2 A7 Fol

NRCO| HAEEZ 93 AA = olel gt HE/F Byt =& 7EAFAARY o] A
Aol TASA, AR PRA B9 2 2 BHANA TS ¥7
A AL e thste] PRAVE o) AR E AIEsiof stk Al wiste
ET AR oEte] FEo 2 AEA 2¥o] Ho ¢ JFE HEFE &
HAAE B dAFo] JldsH ook Fte Hox BEFsta 29 AAle HEZHE
7V, % Ev aApHia SO 93 Aoz diAE & jih iR TS HE
o thate, FHFE U = 7459% 12}2}3}04 2JA Fx9 PRA Q1F EE
FENAHAE o] PRA £ Y% otk vl dE Azl A
T AAVE AR Bf-elle nabH] L7} 7}% 7‘—1%‘16‘}‘4. YR ArGAE TS WA
L£A3AA Y23 93 FHHL Q8] WAL AMAHsL (PE : Individual Plant
Examination) ¢ ZQo] HE PRAE A}&3}E ASLE . IPE AEE A9
3 NRC 2% AEE TS AAAA Uit -3 ZEZA FE}A E3lth

4
b
Jn
L)
S
L

s}

232 7|&€ARAA WA H71E 1% PRA ¥ 9

TS WAALAGS BrhE 963 AQshtd Bad PRA WY R FES W
e TS W73 FF A58 A 74 B3l dstel a7 A4e W9
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g FFol g =95 k. a8y, ¥ FES E9 PRAVE o]8E
JdE ALE k. o] AL AANA =9, TFHAN EE BRASTL £ BAY
ojo} 3irt.

HAT =ASPEA ] ALHE ASEGAS ol9e] PRAY 2dsty hrE
TS ﬁl%—a)ﬂ] et , 194 (Level 1) B7t7t S ojof gty Ao o
stel, LERF 34 ¢ 935t A9A% 72452 Brhste Ag7AE Holx 29
A (Level 2) 7171 B2¥ 4 ok 1974 PRAV} o] 87153t AR, F71¢ 2@
A BE7} aFHE BS, 8FHE JRE FF3}e A8/t shte Wi ol
NUREG/CR-6595, An Approach of Estimating the Frequencies of Various Containment
Failure Modes and Bypass Events" ol A|¢ts o] o).

«r_>|’l.,

2o tiE] AN TS 849 WAA, Aok fAPEHA WE 5
F (o, sF TSAHIZ} 3HA) == 5o FHGs Ao g mod Ao
AR e WE 3t s vH%Xﬂ?ﬂOﬂ a3 AFaze WA
uE o, AA} HXEA g2z Hrixs mEEHoof 3t OZe AFY 9
2E BEFES, ZQAA, v AL A7), £54A% Fol Aok =, -5 A
2 20|84 87) Y5 AOT/F ¥iAE o (=, AXNLAZE dupgnE FYeASF
o2 AP FANFAREZ wXe Ggo] HriH ol sttt FE&IFEIHE, g
2FY 7o ANxste] AMAYEL FEEY] A3 HAZ} 21L& FAEY] A &

4 2 AXNEA 2d E 9 ol&sld, vlagsit AAE + o oH
A ARLA gizo] #F WA (semi-quantitative)] A o] HAT 4 )
ot (d, AFEHY e 1ZFR=/GTRY).

YT
H 1

rlr r&

A gu el F719] Ajzko] L8
HE337 HEAH 2A Ee

7}Ast] AOT7 W7AE w, 7] A4
ZH Yol A AS, dY] Ao FL
AOT dtollM 28" £ e AP P2z (FHHoEZRE A9 Y TS
o3 aFHE SHAREE AP ©E g23) Wi wgAE = Ao E,
7Fedtthd, o] 71ke A3 AP g2z mdg o|f3AY, Ex HaG AR
Zxze] FAH HIHE o) &3td, AodEd AAEA 330 TS ®A (2
LU7E B3 12FA, ALBAZ wIAsted T7E Az o] HIEH oo &
ct. |

233 PRA 95

2331 71&AJAN WA Ao FAAY
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—
w
B
ol
ot
N

I $3te, A= 53 A% =T 7]7]17F PRAA EdslE oo}
Ede & Ay 2 ZHJt FPH Q& 71 S 71719 AEE HFE

3t} RE, EAASEZA (LCO : Limiting Conditions for Operations)
X A71AZ838E PRAY AT 1ZFFAAM BddEE AT AE £E 717¢
1AFEL A7AAANE € A¥vt S FHridde] He
FE Az FE3] stk g

oo yd Ay oo
o T
2
2

o e
rot
kY
2

AOT %7te] tated, Aol &3k BE 717150 BEs Hotde 3, A%
Ad $29) mdold AMaic
+ STI %7bo] thated 78 717) 4% 2do] Basjch

PRAE RE 7)7]5F0A $357] gEd, o] PRA7Z} AOT @ STI 4] M3
AR

717] o] 8B BdS 739 1%, FHALRT (CCF), Alde AT AL
R AUE AR FAANNLE AT 7 E Xt of I

N

« AP 2 FuBd FX A g 7]y o] EESE mde WAL TS WAl
S o)PH F JAHE FER 2 A BAS ARHoE FHY
of ZASIel k. o, ARAYY Ful 2 ANFAL 98 @
AOT 29| Ae] o 4=Ex.

Ad af T A Awe £H2Y v FFF AS F/HA BF 2
Asteio} gt

c 717 olgREE PHe A¥TE FAAT R AWDD AANRLE A
NAEE Beay) A9 F94L HAS BTk AOT %7k Bastcd 3
MHE A7) A8 FuBd FANDL 0 22 ¥E 5 Utk ST
HrtA AFBE AR A% NYEe AFFYor A7 23 79
g 2Qug

© AYHY £ AT FAPARAN dst) TRE NGRS 714 agud
(cycle demand-related) 71 %= 9} th7]A]1ZF #& (standby time-related) 71T 2
EYste @402 FAg W8o] wtdE oo &t

P,‘_',

=2 1

CCF 7ld=E 174 o139 71717 o859 2L W =
c ge dobgle A

& QAT mustgolol @k ey, 7]7]8) CCF 24
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A 71719 & Wk opge} )71k MUARRE AYE A%, F AP Fe
ARRE = FSEh AW Mgeza velE Astd RN R A
M7t meE Bert slon, mekd Adde FNAAS Bol EASE HolE
OE F YE FEL JHAE BT (AT NS HF A9 AL32 FH).

OE71715S A29 BAste AP T (AHAY (staggered test) == A
£A14 (sequential test) A FF& neldty] Y&, o] &7t FF ANFTSH
23 54 =8 @83 FHE7 AHEE 5 stk

PRAZ} TS W7ol 84H AT RdssA Zae 4%, oF AT @ TS
W7ol 239 W 5540l AT 5 Uk o] e o)y} thge] Fojck

shtel Agol AAFE RUFHAAT FAF DT FoIAA F& A
$ (A¥AE =t ARNBEL 5T AT J8¥EE W FHAT AL
9), TS Brte g F/HF stz 198 + Yo

1. TS B7te 93 Ao o3 539 ndsEo] /Mdd 5 1em PRAS
A WASA g3 71E9 PRA Xd& BHEES AgE F
& PRA R EF3ste] RPSe| Bt AR Exe 1FrEs 2

H) B

2. PRA AMAFEY 2d3td ASE
39 5 ok F, AFU 717
3qE + Ut

MEY AL A% W, AT 59 TS 830 WAL 5 Jew, A
5 olgE5Es 24E £ Y AT o)gBEEE T =

2,3 =8 A7) Yot PRA mdo) A" 5 Atk o I
2 Y A BAER FAY RoE PFY F AT OLY 21E
F&3}ojok ot

o
oo
ok

go| o) AT TBY Hrbt
Fe ABLRE opIFE Aoz 7

£ u
|

L AS W 23L ol g A% & 7171 23 9T FA Folof 3t

2. A5 nFe Jgge o zIyAANTE FEF
= 9o] HA3 = FAY FAx A
3. ABLS g A%H 77ES FAHEA &olot o

'TQT
159 aFezAq ABNY ouF ZFL /HYste] TBYII 9

(o
X



xa3 9ge HEs 248 Ao 438 o
A ES AN ZEL 0§l A ¥ Anc
BA 9tk 4ARD 25 $Ad nests B, U-PRA A} wIE
2HE W o BHL fAH Ak E, A7 oA A% e &
A

A5 B35, BEIPE &§ Hrph AgHoln, Y2IE AR FASE B
= 71 W&, v-glaaad 3Hrts %ﬂlz—i B A Fag AAE AA
gk 283 A9, AAAGE gg =dE rELde® dF vnE FIt
e MR o] Fojx o} it

2332 x7|1AHA 2d g

ALAT LA, &, 717187, AVIEFNLE A7 AR VAL =¥
z2dd B9 wdstdct. F, 15 Zdo] PRAYY JigEn. ols AF
TS W32 AF °l&&5=s # leﬁl%«] o] &% ¥ olye} | x7|ARA
Azoz ¢S FA 8ok TS WA ZVARIE vAe o] 125

AR AE L FuPde e o 7198 4 ok PRAC AMEEH=
z7 E BT o] V9EE EY3A Feoh. Y, TS M7 H7HA] 9]
27 9ad 4 gtk o 24, STI A2RA Aldeg A3 Jxie & I
o] Brtd 4 k. A1F-712 HE g A% Y23 V9EE HIIE] HEe Al
d Yoz A3 Z7AMA HE (& AlE-71 FEAE) 7 EEE 2dstE
Atk AF-71A HER AG 2/ A= FH 8 Hojy dHage
H8 A2d A =9HH

2.3.3.3 A A 715 (Screening Criteria)

TS W7 W7 AALAS AR B8 FAF Fo 1G-S TS WA o3
AR Aog JIFL W= Aoz WL 7|FF AAPnoZ olu oA A}
IFAES XA ©

71 Heolth. d=ZA, TS W7ol PWR 470 Jﬂrﬁl@}—‘&
3, AR mARo| Fe ohx) EatNE %
e FhAE BASS TRAAG T Jvah

2.3.3.4 A 2A 3R] (Truncation Limits)
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hgol =Sl mhe} o) Cusets] Aoz st A2F B2t WA
A WES HPY ANFEo] AHolor YTk P2AHE AN IR FE
H3k7] she] MY Cuset 24 ol skl 2748 FYAo] Bastc

AOT = STI 323 37te) 3924 @d7]718 33 &= AA7F 97HE 9,
Ro B Rig Hrhshe o lojA "Aatezo] £419 thaoltt [71717 &85
ROZ 718 W) (B F7IE 7]7] o)EESEE "tue" E AA) le Z719
CDF o|i, 7|77} 374 Hd o (B2 S7HE 717] o] 8855 E "fale" &
H473) Ro & 74E CDF oty EA 9 71717F H2A$H) 0134 Cutset o 1}
guys 4% ( 1 A2AAZR Q] 108)4 o] Cutseto] BE o] tf Jehdth
AAARANE 7442 o7t Aok Ry o] AFE 7MA1 714 A9 gRG F
AL, A7) GAER FEE 3] 93] 1949 =718 Cutset o] A EH
of gttt

4571719 A" EHAs EE A% g2avt BrhE o, FHes F2 W
5 7} Cutseto] CDF o] F8 7|dixr € 4 vk oA AT ‘%T‘:— 1
N o3 71717 5Y3 HA Cutset (MCS : Minimal Cutset) Wjol] YeE o Sl
71 WEelH, 7 o) 717189 o885 T (TS WAL= s F7h 7} Cutset
Mxo B33 5718 7tAE £ A7) dield. 28@ A ANsEe 497
71 3k g-olA Bt 13 —:U‘ﬂ uiﬂ‘ﬂok gich BAGR 71719 wEdE A
9] Cutseto] YEIA] o4& A7) W&o, RiB77F ojn] & @2 Cutset
o AZFs ZAE FF ]'E 5 FYE 71eoor O

2.3.4 AOT/STI B 719 7}A

oR

&k

[<]

o

HB7HE 9% PRA 8L WAALALS AT HEo 2 7}
A 5 9t AoBA PRA o] o7 BE PAREY U BE adh

5 & TS W7a® AENFAAN Eosoler @tk AOT W73 HrHA
eigolcl st TGRS des 2o 2kl 4 Yo

[y

£ PRA ¥+ 83l AOT g3 Hrph e A5 (d, @ 29
5 AOT 7|75t o] &85 Av B4 g3 AL (b) o939 AOT 3
7ve} BEE 823 A, AOT guto g 3 waie) AR #EH &

T B37tEA gt gREe B3¢ o f2ae 1EHA FRAY, 1LY
ddsts "HALHAES Frtxoz Aol st Aoz JIHEG
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o AL (d, ZAAAAE, &A%, RE2FFAT) A& 284 0 A
AeRe gAaz vmPrirt o oF Fo.

2. |23 4TS AN u (d, AOT AAo 2 Q13 CDF & LERF ¥%), ¥
7 CDF #HEL& &3 2 A¢td AOT whdh H qu]/\]ﬂ (B HAS Y
®A) €& &8st FAHHoJoF gt AR} 71A 7B-F(base case)i*i 74
Hl(zero maintenance)’d el o] A& AEIE B¢ (FHIZ A3 ol &E
AH7h Qe A9), AEAMFA 28 Aol I ojo I %*M-O_i
PAAZF AgE WAL AOT & AP Ao] olg @3 AOT o BHP
Zoltk. AtE AOT #HA HAAZHE FAY] 3t TFd 7HAG=0]
AEc. AdFE AOT Agste] Fuiasyo] WA #F 7HFo] == oiof
&, AT g a5 FFo] HrtH o oF T

3. AOT W79l P2agge] B7he w, ANPE A g2z FFe AANE
g zeWTh AOT A3 71719 AUzt 482 (ol 717 2HEE T
AL+ 9e) BFE AEAS £ 138 AYsed Yoy FANEE
FaAe A g + Ak oA, 9F AT o YaiE, FBAES
At : 2¥EE ARANE 98 FuUEs N)7ngE BT S Hol
S @i71M, ANl o5 BAEe A @or), olne AL AOT
WE A7 AOT B2 =S o4 w4 Y5 T + Aok

4. 748, FAAF 7179 @ -3 (FE FHF) LAHNE &l 8]
f3te] AOT do]l 83E £ Utk AF 9] W= 7|zke] 32 + 38U,
S Aule HF o) EEFTER A P23 FFo] AL F Ut

5. % ¢AAT ALY AT/ 9L o, thFrivie 4 A 7FedE (I
F, A% W Rule) 2goz QY BA) , /48 7100 BF FARAE T
g3t AU B8L FAAAY) Wl Fhet. adEz e
2 A8 B9 229 ngo] AR A5l o Atk AW el
o] WA A E]./‘_‘El. Z CDFY "X g3k Au Ay, 21F gide=
2 & ok o] We oF W ARA DRAAS o (FAUR
237 2 4.1 F71)

STI %7hA] 2 Holo} bt HRARFSL thest 2o] a%kd 4 ok

1. B43o=z AHIAFEE t71717 % s 1L gXEe Ao2 JHAEH
71711 A £ 7]17) o]l ESLEE Tl YoM olE
t}. Al Zo =3E (test-limited) EH:EL% HE 7]7] A7A"o] 1S &

9-21



3l ASE ZMAS A, AlEFE 717] o] fESEE 0 & F T Boolean ¥ d0j

M “false” 22 FATES MRS A" V718 A 2 FEEHE A

FrHE 47 717 FL AEHA ZANAFH g3 A2 5 givh. BT,
0] g3 7|H3= Hie FAEE Aoz tFdd.

2. LRAF 71719 tste FHEHY]) Wel, 779 A FHHA APL 2
Aol 4FE Fv o FH. dubdoz, giREe U7l Ui &
o ol BUINEG TFS F/MINE V7] Aol AT F UG (4,
1FE F7h. 71712ZE A o F7HE Q139 xIHe ST & Hrshe
H BEAE7E o)87bestA ¥E 4 Utk AV1EALAN UF d2IgR
B8 H7toA, 2geol FLEA Fob AE AeZ JPPse A (NEHF
g0 sl SFE A FF), o FHEL A v dFE e F U= #;E
235t STI 7} MAEA Lee oudt. LI PARTLHH B F&
st 23T S 2H3 STIE I3 A =5 FIE 7 I

3. M9 #dstd gF7|7ld A ANFAANEG Alvle (5, AHEEHe AR
) © AlLtE YAz g3 £ uW v AHAIE o] BHF
AREET. Y WAAY Bt wAe FFel JeA ARE ZAH
7] A3t gFD AddE (AEAE o wHAR)Y AE e e 23 B

gFol Hrlxojof 3t} (NUREG/CR-6141, Ref. 14)

4. "771F Bt 1Y gAE 9 APY o]5F FHAx BTt
WS AT AEH BEE F A AFFAE A3 AAAZL AFF
T, AlE-710 A=A, E AlF-71 A vl Og°] FAERE A
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The 23rd ROK-US JSCNEC Summary

(C-1-10) The Korean side extended an invitation to have NRC send experts
from the appropriate office (s) to Korea (at the Korean side’s
expense) in early 2002 to discuss the use and application of risk
informed methods in nuclear regulation

- A1x MOST-NRC/RES °J;<}a tAAT fgaquq (02. 7. 23 - 7. 24)
o4 USNRC HEZ} 291¢ KINSe| #Adlte 7]&AEL =& A}
A

The 1st MOST/NRC-RES Cooperative Nuclear Safety Research Meeting Summary

Annex 3 - Item 2. Invitation of USNRC Experts : Risk-Informed Technical
Consultations

The Korean side requested that two NRC experts be sent to Korea to
provide technical consultations on risk-informed rulemaking, in service
inspection, and implementation. It is anticipated that this activity would
consist of two one-week sessions with possible additional sessions to be
determined. The cost incurred for travel and living expenses for the NRC
experts would be borne by KINS. The visit was requested to begin in
February 2003. The USNRC-RES agreed to provide such consultations.

- E8EoH/AY ¥ =AE FAMNA (RI-Rulemaking) o 191
AR=AHE 7HesAA (RES]) #oF 19
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Prerequisite for adopting Risk-informed and Performance-based
Regulation (RIPBR)
USNRC Reactor oversight process including risk-informed baseline

inspection, performance-based inspection, and significance
determination process
PSA standards/quality and regulatory PSA models

USNRC rulemaking options
- Korean RIPBR models

2,
I
g

O NRC HE7}= KINS 7} 7)dk=<l RIPBR A =3} Welo] tis) = gL
HuAEE AAHLH, 47 EYo] dis] KINS 73] E9+= 3t
3 Az Fg 43d o] Haet A4

O NRC &7l= 8WHe RIPBR o W3t < 71& AENENRY EYrt A%
olo|tjol& FR/3te dol 8o A A

O KINS¢| RIPBR A=3} HIZHA& wj3o)A o359l WHEY o|HE F
3] et lon, A=xEd 71Eus 92 2 A Fo] A Y
Ho] 3, Bt 8§83 38 938 gSAg S dng
- AR, RIPBR ¢ BoAd 2A%IY = 534S 33}
- Senior Management ] 7}¥ 3t 2|7} glojof F3lo] &0l
- B EoF FAAIS) PSAE X E3 Ve u&L " ALE

¥ AANES O& FolA T FEIAN (FE) Fx



2. Rl-Inservice Inspection ¥-of - A&7} : Dr. Syed A. Ali
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- Rules, guides, and code cases for RI-ISI

- Comparison of Electric Power Research Institute (EPRI) and
Westinghouse Owners Group (WOG) methodologies for RI-ISI

- Introduction and comparison of Win-PRAISE and SRRA codes for
computing piping failure probabilities

- Limitations of SRRA code, introduction of PRA for RI-ISI

- Guidelines for expert panel

- NRC safety evaluation reports for RI-ISI
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Recommendations on Korean Approach to RIPBR (Dr. Hossein G. Hamzehee)

According to the results of the 1st Cooperative Nuclear Safety Research Meeting
between MOST and NRC/RES (June 23 - 24, 2002, Washington DC), two USNRC
experts providedKINS technical consultations in the areas of risk-informed general
rulemaking and in-service inspection (RI-ISI) licensing technologies, from Nov. 8 to 15,
2003.

The expert in charge of the rulemaking covered various topics followed by several
presentations on the US approach on Risk-informed Regulation and round table
discussions on Korean approach. The topics discussed included :

- Prerequisite for adopting Risk-informed and Performance-based Regulation
(RIPBR)

- USNRC Reactor oversight process including risk-informed baseline inspection,
performance-based inspection, and significance determination process

- PSA standards/quality and regulatory PSA models

- USNRC rulemaking options

- Korean RIPBR models

The expert made a lot of comments and made recommendations for Korean approach
which is being developed by KINS. The expert believes that the discussion with KINS
staff on above topics will be really helpful to establish Korean approach for RIPBR
implementation. The expert feels discussion was very helpful for sharing ideas between
technical staff of USNRC and KINS about RIPBR.

In general, KINS approach is good enough to accommodate all benefits of RIPBR
approach which is implemented in the US. The general framework including the basic
directions, principles and strategies for adopting RIPBR in Korea is well developed.

However, attentions should be given to the following aspects to more effectively adopt
RIPBR

- The objective of adopting RIPBR should be clarified based on regulatory
environment, and necessity for adoption of RIPBR.

- The strong support from senior management should be guaranteed

- The personnel involving RIPBR activity should be trained in the area of relevant
technology including PSA

The Korean approach to RIPBR seems to be adequate to improve nuclear reactor
regulation, to make the regulation more effective and efficient, to reduce unnecessary
burden to the utility, and to enhance public confidence.

(Signature)
Hossein G. Hamzehee
Section Chief, PRA Branch
Office of Regulatory Research, USNRC
November 14, 2003
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Dr. Syed A. Ali ¢] NRC A|&8& EFAHWIA

December 11, 2003

MEMORANDUM TO : Michael E. Mayfield, Director Division of Engineering
Technology, RES
THRU : Michele G. Evans, Branch Chief /RA/Engineering Research Applications
Branch, DET

FROM: Syed A. Ali, Senior Technical Advisor/RA/
Engineering Research Applications Branch, DET

SUBJECT: INTERNATIONAL TRIP REPORT: TECHNICAL TRAINING
ON RISKININSPECTION AND IMPLEMENTATION TO
KOREA INSTITUTE OF NUCLEAR SAFETY, REPUBLIC
OF KOREA, NOVEMBER 10 - 14, 2003

During the period November 10 - 14, 2003, Dr. Hossein Hamzehee and I traveled to
the Republic of Korea as NRC experts to provide technical training to Korea Institute
of Nuclear Safety (KINS) and the Korea Electric Power Research Institute (KEPRI) on
riskinformed regulation (RIR) and riskininspection (RIISI) methodologies and
implementation. Dr. Hamzehee is preparing a separate trip report on the RIR aspects
of the trip. This trip report is focused on the RI-ISI topics discussed during the trip.

Korean Hydro and Nuclear Power Co. LTD. (Korean Nuclear Utility) is preparing a
license amendment for the application of RI-ISI to a pilot plant while KINS is
establishing the regulatory framework for RI-ISI. The purpose of the NRC expert's
consultation was for KINS and KEPRI to become familiar with issues related to RI-ISI
implementation in the US. The visit was in response to a KINS invitation as a
follow up to the summary records of the 23rd Joint Standing Committee on Nuclear
Energy Cooperation (JSCNEC) between Korea and US (April 102002) and the 1st
Cooperative Nuclear Safety Research Meeting between Ministry of Science and
Technology (MOST) and NRC (June 232002).

The training and consultation topics during the trip included U.S. experience and
status in the application of RIto nuclear power plants (NPPs); rules, guides, and code
cases for RIISI; comparison of Electric Power Research Institute (EPRI) and
Westinghouse Owners Group (WOG) methodologies for RI introduction and
comparison of WinPRAISE and SRRA codes for computing piping failure probabilities;
limitations of SRRA code, introduction of probabilistic risk assessment (PRA) for RI
guidelines for expert panel; and NRC safety evaluation reports for RI

I also visited the Korea Electric Power Research Institute (KEPRI) and made a
presentation on the status of RI-ISI activities in the U.S. In addition, the KINS staff
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members presented the Korean approach and status for implementation of
risk-informed regulation (RIR) and pilot RI-ISI application. I reviewed the Korean
approach and provided comments.

Direct contact and working together with our Korean counterparts on programs of
mutual interest is important to KINS as well as NRC and has proven to be an
effective means of exchanging information. 1 strongly recommend that the NRC
continue to collaborate with the Republic of Korea on research areas of common
interest.

No actions, by the Commission or RES, are recommended as a result of this trip.
Attachment: Trip Report

Distribution: A. Thadani, RES, J. Strosnider, RES, A. Szukiewicz, RES, W. Dean,
OEDO, T. Rothchild, OGC, OCM, J. Dunn-Lee, OIP, K. Burke, OIP, D. Chaney, OIP,
N. Chokshi, RES, H. Graves, RES, B. Tegeler, RES, T. Chan, NRR, S. Dinsmore, NRR
ERAB r/f, DET r/f

DOCUMENT NAME:G:\ Ali\Trip Report Korea November 2003.wpd

OAR in ADAMS? (Y or N)_Y ADAMS ACCESSION NO:
TEMPLATE NO. RES:006

Publicly Available? (Y or N)_Y DATE OF RELEASE TO PUBLIC

SENSITIVE? N

To receive a copy of this document, indicate in the box "C" = Copy without

attachment/enclosure"E" = Copy with attachment/enclosure "N" = No copy

OFFICE ERAB/DET ERAB/DET ERAB/DET

S. Ali/RA/ M. Evans/RA/
A. Hsia/MGE For/

NAME

DATE
12/2/03
12/11/03
12/11/03
OFFICIAL RECORD COPY
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INTERNATIONAL TRIP REPORT

Subject:

Provide technical training on riskininspection (Rland implementation to KINS as an
NRC expert for one week. The consultation topics included U.S. experience in the
application of RI status of Rlapplication to NPPs; rules, guides, and code cases for
RIcomparison of EPRI and WOG methods for RIISI; introduction and comparison of
Winand SRRA codes; limitations of SRRA code, introduction of PRA for RI guidelines
for expert panel; NRC safety evaluation reports for RI

Dates of Travel, Countries & Organizations Visited:

November 10-14, 2003: Korea Institute ofNuclear Safety, Taejon, Republic of Korea
November 13, 2003:  Korea Electric Power Research Institute, Taejon, Republic of
Korea

Author, Title, and Agency Affiliation:

Dr. Syed A. Ali, Senior Technical Advisor
Engineering Research Applications Branch
Division of Engineering Technology
Office of Nuclear Regulatory Research

Sensitivity:
N/A

Background & Purpose(s) of Trip:

The purpose of the trip was to provide technical training on riskininspection (Rland
implementation to KINSas an NRC expert for one week. This was in response to a
KINS invitation as a follow up to the summary records of the 23rd JSCNEC between
Korea and US (April 1013, 2002) and the 1st Cooperative Nuclear Safety Research
Meeting between MOST and NRC (June 232002). The consultation topics included
US. experience in the application of RIISI; status of Rlapplication to NPPs in US,;
rules, guides, and code cases for Rlcomparison of EPRI and WOG methods for RI
introduction and comparison of WinPRAISE and SRRA codes; limitations of SRRA
code, introduction of PRA for RI guidelines for the expert panel; NRC safety
evaluation reports for RI

Summary of Pertinent Points/Issues:

From November 10 through November 14, 2003, Syed Ali, a staff member of the
Division of Engineering Technology (DET) traveled to the Republic of Korea as an
NRC expert to provide technical training to Korea Institute of Nuclear Safety (KINS)
and the Korea Electric Power Research Institute (KEPRI) on risk-informed in-service
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inspection (RIISI) methodologies and implementation. Korean Hydro and Nuclear
Power Co. LTD (Korean Nuclear Utility) is preparing a license amendment for the
application of RI-ISI to a pilot plant while KINS is establishing the regulatory
framework for RI-ISI. The purpose of the NRC expert's consultation was for KINS
and KEPRI to become familiar with issues related to RI-ISI implementation in the U.S.
The visit was in response to a KINS invitation as a follow up to the summary
records of the 23rd Joint Standing Committee on Nuclear Energy Cooperation
(JSCNEC) between Korea and US (April 1013, 2002) and the 1st Cooperative Nuclear
Safety Research Meeting between Ministry of Science and Technology (MOST) and
NRC (June 232002).

The training and consultation topics during the trip included U.S. experience and
status in the application of Rlto nuclear power plants (NPPs); rules, guides, and code
cases for RIIS; comparison of Electric Power Research Institute (EPRI) and
Westinghouse Owners Group (WOG) methodologies for RI introduction and
comparison of WinPRAISE and SRRA codes for computing piping failure probabilities;
limitations of SRRA code, introduction of PRA for RI guidelines for expert panel; and
NRC safety evaluation reports for RIISL

S. Ali also visited the Korea Electric Power Research Institute (KEPRI) and made a
presentation on the status of RI-ISI activities in the U.S. In addition, the KINS staff
members presented the Korean approach and status for implementation of
risk-informed regulation (RIR) and pilot RI-ISI application. He reviewed the Korean
approach and provided comments.

Discussion:
1. Korean Development of Risk-Informed and Performance-Based Regulation

Dr. Hho Jung Kim, Director of RegulatoryResearch Division, KINS, opened the
meeting with welcoming remarks on November 10, 2003. The meeting followed the
agenda provided by KINS. Dr. Kim provided a brief introduction of the existing
Korean regulation and its plans to implement risk-informed and performance-based
regulation (RI-PBR). Mr. Woong-Sik Kim, Principal Researcher, Integrated Safety
Research Department, Regulatory Research Division, then proceeded to discuss the
background analysis of international and domestic practices and experiences,
establishment of basic directions and strategies, establishment of Korean RI-PBR
models, implementation plan, and future plans.

Mr. Kim provided a comprehensive summary of the international practices and
experiences in the development and implementation of risk-informed regulation (RIR).
This included experiences in U.S., France, Japan, Switzerland, Belgium, Canada,
Mexico, and Italy. The presentation indicated that US. has by far the lead in the
development and implementation of the RIR. This includes the PRA Policy Statement,
RIR implementation plan including options 1, 2, and 3, maintenance rule, and the
improved reactor oversight process (ROP). Mr. Kim then proceeded to give a brief
presentation describing the Korean practices and experience, including the policy on
the use of risk information, risk and performance-based rule, and Korean regulatory
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and industry activities. On the subject of the establishment of basic directions and
strategies, Mr. Kim discussed the importance of environmental factors and
considerations, technical aspects of the feasibility assessment for adopting RI-PBR,
streamlining of regulation, maintaining consistency in safety management, and
self-regulation and cost-benefit in safety management. He also presented the
conclusions of the feasibility assessment, objectives to adopt RI-PBR, strategies and
principles, and an outline of the process for developing the Korean RI-PBR models.
As part of the development of the Korean RI-PBR models, Mr. Kim identified
candidate itemsand categorization, presented an example for assessment, and discussed
various phases of the establishment of models. Mr. Kim also presented the KINS
concept of phased inspection model, integrated risk-informed decision making process,
safety standards and requirement models. Mr. Kim concluded his presentation by
providing milestones of the current and mid- as well as long-term future plans in the
RIR arena. Mr. Kim's presentation clearly indicated that KINS has performed a
thorough study of the international activities in the development and implementation
of RIR and is in the process of developing a well-thought out process for
implementing the regulation and framework for RIR.

2. U.S. Status and Plan for RI-PBR

The remainder of the November 10, 2003, meeting consisted of a presentation and
discussion by Dr. Hossein Hamzehee of NRC on the US. status and plan for RI-PBR.
Dr. Hamzehee discussed operating plant activities, future plant activities, and
prerequisites for adopting RI-PBR. Dr. Hamzehee also presented the advantages and
disadvantages of risk-informed (RI) rulemaking options, RI rule options, and interface
of RI rules with industrial standards, and the applicability of the U.S. rule options to
Korean regulatory system. The Korean attendants demonstrated a keen interest in the
presentation and asked numerous thought provoking questions and provided useful
comments.

3. RI-ISI Status in Korea

On November 11, 2003, Dr. Young Hwan Choi, Manager and Principal Researcher,
Nuclear Safety Research Department, opened the meeting with a discussion of the
RI-ISI status in Korea. He provided background on the number and type of current
and future NPPs in Korea, regulatory requirements on in-service inspection, and
details of basic and augmented inspection programs. Dr. Choi also discussed the RIR
status in Korea, regulatory and industrial issues related to RIR, and utility and KINS
activities in RI-ISI.  Dr. Choi concluded his discussion by presenting the Korean draft
regulatory positions on implementing RI-ISI. Dr. Choi’s presentation indicated that
KINS has developed a comprehensive two step plan of applying the WOG RI-ISI
methodology to a pilot plant followed by application to the remaining NPPs in Korea.
This approach is similar to the one implemented in the U.S.

4. RI-ISI Regulatory Guide 1.178 and Standard Review Plan 3.9.8

The remainder of the November 11, 2003, morning session consisted of a presentation
and discussion by Dr. Syed Ali of NRC on the RI-ISI Regulatory Guide (RG) 1.178
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and Standard Review Plan (SRP) 39.8. S. Ali presented the objectives of the ISI
programs and the corresponding regulatory requirements, simultaneous initiatives
undertaken by the NRC, US. industry and the American Society of Mechanical
Engineers (ASME) in the developmentof RI-ISI methodologies, regulatory guidance
documents, and ASME Code Cases. S. Ali summarized the current ASME XI rules
for ISI of Class 1, 2, and 3 piping and the regulatory framework for the alternative
using the RI-ISI programs. S. Ali then proceeded to discuss the objectives of the RG
1178 and SRP 3.9.8, provided an overview of the RG and the SRP, the five key
principles and the four element process that forms the basis of the RI changes as per
RG 1.174. The KINS staff members provided valuable comments and asked some
insightful questions. As a result of the discussion, a number of documents were
identified that will be subsequently sent to the KINS. A list of these documents is
provided in Attachment D.

5. Risk-informed Inservice Inspection Status in U.S.

The remainder of the November 11, 2003, meeting consisted of a presentation and
discussion by Dr. Syed Ali on the RI-ISI status in US. He provided background on
the PRA Implementation Plan that provided the framework for the pilot applicationsof
risk-informed technical specifications, inservice testing, graded quality assurance, and
inservice inspection. He discussed the objectives of ISI, current status of the review
of RI-ISI relief requests in U.S., and provided a list of RI-ISI guidance documents. S.
Ali discussed review observations from the review of U.S. RI-ISI relief requests, and
continuing activities such as updates to RI-ISI programs, application of RI-ISI
methodologies to break exclusion region (BER) and long-term activities. S. Ali also
presented highlights of the revised versions of RG 1.178 and the SRP 3.9.8 that were
issued in September, 2003. As a result of the discussion and comments by the KINS
staff, additional documents were identified that will be subsequently sent to KINS
(See Attachment D).

6. Westinghouse Owners Group Methodology

On November 12, 2003, Dr. Syed Ali opened the meeting with a discussion of the
Westinghouse Owners Group (WOG) methodology for RI-ISI of piping. S. Ali
summarized the overall WOG process as consisting of scope and segment definition;
consequence evaluation; failure probability evaluation; risk evaluation; expert panel
categorization; selection of elements for nondestructive examination (NDE);
implementation of program; and feedback loop. S. Ali explained that the scope may
include all Class 1, 2, and 3 piping or an individual Class of piping. In the WOG
methodology, piping is divided into segments which is defined as a portion of piping
for which a failure at any point in the segment results in the same consequence. S.
Ali further stated that in the consequence evaluation, both direct and indirect (spatial)
effects are considered and that the PRA is used to quantify the conditional core
damage frequency (CDF) and conditional large early release frequency (LERF),
consistent with RG 1.174. S. Ali also explained that in the WOG methodology, the
structural risk and reliability (SRRA) code is used to calculate pipe failure probability.
S. Ali discussed the outline of the SRRA code and the plant engineering inputs
required to execute the code. S. Ali explained the concept of risk matrices risk
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reduction worth (RRW) and risk achievement worth (RAW) which are used for the
risk classification of the piping segments in the WOG methodology. S. Ali discussed
the element and NDE selection process, the WOG risk matrix, inspection location
process, inspection methods, and the criteria for the allowable increase in CDF and
LERF for the comparison of ASME XI and the RI-ISI program. S. Ali concluded the
discussion with the presentation of results for the RI-ISI program for Surry Unit 1,
the pilot plant for the WOG methodology.

7. Discussion of KINS Questions

On November 12, 2003, Dr. Syed Ali discussed the following topics in response to
KINS questions and comments as follows:

Question 1: Current Status of RI-ISI in USA.
This topic had also been discussed in detail in other presentations by S. Ali.

Question 2: Documents for RI-ISI

1) General Technical Background of Reg. Guide 1.178, SRP 398, and ASME
CodeCase N-560, 577, and 578. This topic had also been discussed in detail in
various other presentations by S. Ali.

2) Technical Background USNRC SER for Topical Reports for RI-ISIWOG and EPRI).
S. Ali provided detailed discussion of these topics in separate presentations.

3) Technical Background of revisions to Reg. Guide 1.178 and SRP 3.98. S. Ali
provided detailed discussion of these topics also in separate presentations.

4) Do you have plan to approve the ASME Code Cases N-560, 577, and 578? S. Ali
stated that ASME working group on RI-ISI has been developing Appendix X,
which incorporates both WOG and EPRI methodologies and that this Appendix
will be approved prior to the approval of the subject code cases.

Question 3: USNRC Review and Approval

1) Do you review and approve the RI-ISI program on plant-specific basis? S. Ali
stated that the NRC has reviewed and approved RI-ISI programs on plant-specific
basis.

2) Do you audit all of RI-ISI programs? If so, what is the scopes of the audit? NRC
only audits the plants'RI-ISI only on a case-by-case and as-needed basis. In the
reviews completed so far, only two plants’ programs have been audited.

Question 4: Scope of RI-ISI

1) Do you have any plan to extend the RI-ISI scope to vessel? S. Ali stated that an
ASME working group is working on a code case to extend the inspection interval
for vessel examinations.

2) If small-bore pipes less then 4 inch are included in RI-ISI program, is it possible to
UT inspection to the small-bore pipes without calibration block. There was no
calibration block for the small bore pipes because the ASME Code Sec. XI does not
require the UT for the small-bore pipe. S. Ali stated that a response to this
question will be provided at a later date via email.

Question 5: RI-ISI Program
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1) We have 10-year-plan for ISI and 6 years have passed, for example. Can RI-ISI be
applied for remaining 4 years? If so, is 40% of total RI-ISI inspection points
inspected during remaining 4 years? S. Ali explained that the RI-ISI program can
be started during a 10 year inspection interval but the minimum percentage
inspection requirements of ASME XI must be met.

2) If new inspection points are included in the RI-ISI program, is baseline type
inspection such as pre-service inspection (PSI) for the new points required before
RI-ISI is applied to the plant? S. Ali stated that the current RI-ISI procedures in
U.S. do not require baseline PSI of new locations.

Question 6: Methodology

1) Are there significant differences between the WOG and EPRI methods in inspection
number, characteristics of inspection points, and CDF or LERF? S. Ali stated that
these topics would be discussed in detail in the discussion of WOG and EPRI
methodologies.

Question 7: Probabilistic Fracture Mechanics

1) WOG uses SRRA code for probabilistic fractureanalysis. Are there any differences
between SRRA and Win-PRAISE Codes? The inputs of the two Codes are different
each other. S. Ali stated that these topics would be discussed in detail in the
discussion of WOG and EPRI methodologies.

Question 8: PRA

1) If WOG method is used, are both CDF and LERF required? S. Ali stated that
both changes in both CDF and LERF must be checked in the application of both
WOG and EPRI methodologies. '

2) What is the average increase of risk due to RI-ISI application? S. Ali stated that
the NRC has not determined the average increase of risk due to the application of
RI-ISI.

3) If RI-ISI program should be updated every 10 years, does it mean the PRA should
be updated every 10 years? S. Ali stated that the implementation of the RI-ISI
program requires updating the PRA on at least the ASME period basis and for any
significant plant or industry findings related to pipe flaws and ISI. The details of
these living program requirements are still being finalized in the US. but the
current requirements were discussed in the general discussion of the RI-ISI
methodology in other sessions.

Question 9: Augmented Program

1) Which augment ISI programs were applied in USA? Is the augment ISI program
excluded from the scope of RI-ISI? S. Ali explained that augmented programs
include intergrannular stress corrosion cracking (IGSCC), flow accelerated corrosion
(FAC), thermal fatigue, microbiologically induced corrosion (MIC), break exclusion
region (BER) piping ISI, etc. Some of these augmented programs have been
included in the RI-ISI programs (IGSCC Category A, thermal fatigue, BER using
EPRI methodology) while some are still excluded (IGSCC Category B-G, FAC, BER
for WOG methodology is under review).

2) Is RI-ISI applied to BER pipe(super Pipe) in USA?. IF so, do you have any
documents and guidelines for the review? S. Ali stated that NRC has approved
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the application of RI-ISI methodology using EPRI methodology but the WOG
methodology application to BER piping is still under review by the NRC.
Additional documents requested by KINS will be sent as discussed earlier.

Question 10: Experience and Feedback

1) What is the performance monitoring strategy for RI-ISI? This topic has been
discussed in detail in various other presentations by S. Ali.

2) Do you have any experience of leakage or cracking from the piping welds which
are excluded from ISI scope because RI-ISI is applied to the plants? S. Ali stated
that we do not have any experience of such leakage.

3) Do you have any information on flaw detection frequency after the application of
RISI? S, Ali stated that we do not have any results of flaw detection frequency
for plants that have implemented RI-ISI.

Question 11: Miscellaneous

If RI-ISI is applied to plants, the risk is expected to reduce, but the piping failure
probability is expected to increase. Have you calculated and compared the sum of
the piping failure probabilities for all inspection points between ISI by ASME Code
Section. XI and RI-ISI? S. Ali stated that the piping failure probability is not
expected to increase.

8. Electric Power Research Institute Methodology

In the afternoon of November 12, 2003, Dr. Syed Ali discussed the Electric Power
Research Institute (EPRI) methodology for RI-ISI of piping. S. Ali summarized the
overall EPRI process as consisting of scope and segment definition; consequence
evaluation; failure potential determination; determination of risk segments; selection of
elements for examination; finalization of program; and performance monitoring. S. Ali
explained that the scope may include all Class 1, 2, and 3 piping or an individual
Class of piping. S. Ali stated that in the consequence evaluation, both direct and
indirect (spatial) effects are considered and that the PRA is used to quantify the
conditional core damage frequency (CDF) and conditional large early release frequency
(LERF), consistent with RG 1.174. S. Ali explained that in the EPRI methodology,
service experience is used to determine pipe failure potential category and further
explained the basis anddetails of this methodology. In the EPRI methodology, piping
is divided into segments which is defined as a run of piping for which a failure at
any point in the segment results in the same consequence and the potential
degradation mechanism is the same at any location in the segment. S. Ali discussed
the plant engineering inputs required to implement the methodology. S. Ali
explained the concept of EPRI risk matrix and the seven risk categories based on
piping failure potential and consequence categories. S. Ali discussed the element
and NDE selection process, process for selection of inspection locations, inspection
methods, and the criteria for the allowable increase in CDF and LERF for the
comparison of ASME XI and the RIFISI program. S. Ali concluded the discussion
with the presentation of results for the RI-ISI program for James A. Fitzpatrick, an
example plant for the EPRI methodology.

9. Piping Failure Probabilities
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The remainder of the November 11, 2003, meeting consisted of a presentation and
discussion by Dr. Syed Ali on the calculation of piping failure probabilities for ISI
methodologies. S. Ali presented methods of estimating piping failure probabilities,
resources for estimating failure probabilities, pc-PRAISE and SRRA structural
mechanics codes, and current status of probabilistic fracture mechanics codes. He
presented the background and current status of the pc-PRAISE and SRRA codes. S.
Ali then discussed the criteria and issues that should be considered important when
judging the acceptability of computer codes used in estimating piping failure
probabilities.

10. Visit of KEPRI

In the morning of November 13, 2003, Dr. Syed Ali visited KEPRI and discussed the
RI-ISI status in the US. This was followed by a discussion Dr. Bag Soon Chungof
KEPRI on the risk-informed inservice inspection program for Ulchin Unit 4. Dr.
Chung’s presentation included discussions of the pilot study in Korea, plants specific
information, discussion of results and conclusions. Dr. Bag Soon Chung also
provideda comparison of the number of inspections for the Korean pilot plant to that
of some of the US. plants using the WOG methodology. The main conclusion from
the application of RI-ISI to the Korean pilot plant was that the current inspection
locations are significantly more than those required by ASME XI. KINS staff member
attending the presentation commented that KINS will confirm the results of
comparison considering the code class, examination category, number of total welds,
reactor design and type, etc. The results also indicate that the RI-ISI inspection
locations are close to the number required by ASME XL

11. Exit Meeting and Conclusions

In the exit meeting on November 13, 2003, the NRC representatives presented the
following conclusions and comments:

1) The number of inspections for the Korean pilot plant under the RI-ISI program are
close to those required by ASME XI. Based on this, one possible approach is to
keep the number of inspections as those required by ASME XI but select the
locations, inspection methods, etc., based on RI-ISI.

2) S. Ali strongly recommended that KINS should send a staff member to the
quarterly ASME XI meetings in the US. to attend the proceedings of the Working
Group on RI-ISI (WG/RDand other relevant Committees and Groups. He further
stated that it would also be more appropriate if a KINS staff member becomes a
voting member of the WG/RI

3) S. Ali presented the concept of the ASME Risk Committee (ARISC) within the
NRC. This group reviews the ASME generated code cases and code changes
related to risk applications. He further recommended that KINS should establish a
similar group.
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4) The NRC representatives stressed that the senior managers of various Korean
organizations must accept and support the risk and performance-based concept in
order to ensure success of the RIR in Korea.

5) The NRC representatives also stressed that all personnel in the Korean nuclear
programs must be trained in the understanding, use, and implementation of PRA.

6) The NRC representatives further stated that all Korean plants must have updated
PRAs.

Pending Actions/Planned Next Steps for NRC:
The NRC will provide to KINS the documents and information listed in Attachment
D.

Points for Commission Consideration or Items of Interest:
No Commission action is recommended at this time.

Attachments:

A. tinerary

B. List of Meeting Participants

C. Documents Obtained

D. Documents to be Provided to KINS

"On_the Margins"

None
Attachment A
Itinerary
11/7/03 Depart United States
11/8/03 Arrive Seoul, Republic of Korea
11/9/03 Arrive Taejon, Republic of Korea
11/10/03 Meeting with Korea Institute of Nuclear Safety
- KINS presentation on RIR in Korea
- Presentation by Dr. Hossein Hamzehee on RIR in US.
11/11/03 Meeting with Korea Institute of Nuclear Safety
- KINS presentation on RI-ISI in Korea
- Presentation by Dr. Syed Ali on RG 1.178 and SRP 3.9.8
- Presentation by Dr. Syed Ali on RI-ISI status in U.S.
11/12/03 Meeting with Korea Institute of Nuclear Safety
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- Presentation by Dr. Syed Ali on WOG methodology

- Discussion of KINS Questions

- Presentation by Dr. Syed Ali on EPRI methodology

- Presentation by Dr. Syed Ali on piping failure probabilities

11/13/03 Visit Korea Electric Power Research Institute (KEPRI)
- Presentation by Dr. Syed Ali on RI-ISI status in U.S.
- KEPRI presentation on pilot RI-ISI application in Korea
- Exit Meeting

11/14/03 Meeting with Korea Institute of Nuclear Safety
- Review and comment on KINS meeting minutes

11/15/03 Return to United States
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Attachment B

List of Meeting Participants

Syed A. Ali, Division of Engineering Technology, RES, NRC

Hossein Hamzehee, Division of Risk Analysis and Applications, RES, NRC

Hho Jung Kim, Director, Regulatory Research Division, KINS

Hyun-Koon Kim, Director, Safety Assessment Division, KINS

Woong-Sik Kim, Principal Researcher, Regulatory Research Division, KINS

In-Goo Kim, Regulatory Research Division, KINS

Young H. Choi, Manager, Principal Researcher, Nuclear Safety Research Department,
KINS

Yeon-Ki Chung, Senior Researcher, Mechanical & Material Engineering Department,
KINS

Jae-Hun Lee, Director, Planning Division, KINS

Hae-Dong Chung, Mechanical & Material Engineering Department, KINS

Sang Kyu Ahn, Manager, Integrated Safety Research Department, KINS

Jin Ho Lee, Senior Researcher, Mechanical Eng. Department, KINS

Suk-Chull Kang, Manager, Materials Department, KINS

Nak-Cheol Kim, Manager, Mechanical Engineering Department, KINS

Jae Ho Song, Principal Engineer, Mechanical Systems Analysis, KINS

Key Yong Sung, Principal Researcher, KINS

Cheol Sheen, Nuclear Regulation Division Researcher, KINS

Chang-Ju Lee, Regulatory Research Division, KINS

Han-Chul Kim, Fuel Cycle Facilities, KINS

Kilyoo Kim, Integrated Safety Assessment, Korea Atomic Energy Research Institute
Sang Hoon Han, Integrated Safety Assessment, Korea Atomic Energy Research
Institute

Seung-Cheol Jang, Integrated Safety Assessment, Korea Atomic Energy Research
Institute

Bag Soon Chung, Senior Manager, PSA Subgroup, Korea Electric Power Research
Institute

Myung-Ki Kim, Principal Member, PSA Subgroup, Korea Electric Power Research
Institute

Seung-] Oh, Group Leader, O&M Support Group, Korea Hydro & Nuclear Power Co
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Attachment C

Documents Obtained

. Consulting Schedule, Risk-Informed Inservice Inspection.

. Development of Models for Risk-informed and Performance-based Regulation,
presented by Woong-Sik Kim, Principal Researcher, Regulatory Research Division,
KINS, November 10, 2003.

. RI-ISI Status in Korea, presented by Young H. Choi, Manager, Principal Researcher
Nuclear Safety Research Department, KINS, November 11, 2003.

. KINS Questions on RI-ISI, prepared by Yeon-Ki Chung, Senior Researcher,
Mechanical & Material Engineering Department, KINS.

. Risk-Informed Inservice Inspection Program for Ulchin Unit 4, presented by Bag

Soon Chung, Senior Manager, PSA Subgroup, Korea Electric Power Research
Institute, November 13, 2003.
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5)

Attachment D : Documents to be Provided to KINS

Current Copies of Code Cases:

(@) ASME Code Case N-XXX," Risk-Informed Requirements for System Pressure
Test Boundaries, Testing Frequencies and Corrective Actions" Section XI,
Division 1.

(b) ASME Code Case N-XXX," Minimum Examination Coverage Requirements for
Class 1 and Class 2 Piping Welds" Section XI, Division 1.

() ASME Code Case N-XXX," Alternate Requirements for Classification, Inservice
Inspection, Pre-service Inspection and Repair/Replacement Activities" Section
XI, Division 1.

(d) ASME Code Case N-XXX," Application of Risk-Informed Insights to Increase
the Inspection Interval for Pressurized Water Reactor Vessels" Section XI
Division 1.

() Non-mandatory Appendix X, " Risk-Informed Requirements for Piping."

Licensee Topical Report and NRC Safety Evaluation Reports (SER):
(@) Westinghouse Topical Report to RI-ISI (BER Piping)
(b) EPRI Topical Report (TR-112657) to RI-ISI (Piping) including SER
(c) EPRI Topical Report to RI-ISI (BER Piping) including SER
(d) Plant Specific SER (if possible)

- Licensing Submittal Template of WOG and EPRI method

- 3 Sample of Units applied WOG (2 Partial, 1 Full)

- 3 Sample of Units applied EPRI (2 Partial, 1 Full)

Statistics of RI-ISI application in U.S.
(a) List of Plants, Methods (EPRI or WOG), Scope: Class 1, Class1/2, Full, Date of
Submittal, Date of Approval, etc.

Piping Failure Probabilities Code:

(a) Details of how to consider the dissimilar welds and stainless cladding
attached to the carbon steel piping in SRRA Code.

(b) Detailed methods and results of benchmark evaluation performed by the

() PNNL to compare the pc-PRAISE and SRRA codes.

NUREG Report:
(@) NUREG-1661, " Technical Elements of Risk-Informed Inservice Inspection
Programs for Piping."

Response to KINS questions:

(a) If small-bore pipes less then 4 inch are included in RI-ISI program, is it
possible to UT inspection to the small-bore pipes without calibration block.
There was no calibration block for the small bore pipes because the ASME
Code Sec. XI does not require the UT for the small-bore pipe (Question 4(2)
in Discussion). KINS also requested information on the current U.S. status
and regulatory position on the small bore piping inspections as augmented
examinations. KINS also requested information on inspection of small bore
piping segments classified as High Safety Significant (HSS).

(b) Information or charter of the ARISC group within NRC.
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