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RS BANITELERFIEE Y, FEAYICIREFTRE T
bHT0, PG HI N ESE ST 5,

1t D FE A ML WEDFREPTKHTH Y, MADREDFEEHFEC
T D120, WG HEFRE ST 5,

(AN Mg, RS | BLOBE ZHET LR FIET AL THY, ik
= 15 1L RN BIIWNR A=V TALDBRTH D Z L
SRS ST T D,

OB S X, EIK-PFM-5600-2 1277 X 912, HMEREHOY Y T E T
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R L72%, PASCALODRGEHE H — % 2 i & -MEE A-3000-1-1 (2",

PASCAL® o 1 - R 5 B 5341 O FERE 1 B3 2 MR O i & iR st 22 - [t @ & A-3000-1-2
\RT, ZOFITIE, ERSARE LTERY b s htE B EIC S\, 7Y v
ENAHMEEEF O EIXBE, T8y ZO7b O A FEHLE Lz b O &, Microsoft
Excel®® IE/0 A OBI% A FHWC, 1,5, 50, 95, 99 /S—& > % A JUH % g L T\ 5, 8
SRAFEIT 1% & 21/ E <, PASCAL® D kRS B340 OREHENS IE L < BE L
TWA Z L MR T& %, £7-, Shapiro-Wilk # <> Kolmogorov-Smirnov &2 LV,
SRR 2 B & LT AIS, AEAKEE B%ICBWV UREEFHNFERI SN 2N L %
R LTV 5,

PASCAL® D Kz Ai OMSHEICBE T DRGEE LT, HvETIRE B A OHA & FERIC,
TA TN E LT EDND KelZ2oWT, o7 ) SN AEE s o ek
BhEH 7 S CTHFUEEZ1T->7-H D &, Microsoft Excel®D U 1 7 /L4547 D RS & Fv
T, 1,5,50,95,99 N—E L F A MEZ R L TRER, Tu—8Er Ao, £72, 2
HOR— U HANMEIZKET D Ky 7005, 37.35, 45.40, 71.39, 99.07, 110.02
LT LHEOIC KERELT, BRERMBELZHEAE LR L MHE-HIEE
A-3000-1-3 I2° 7, Foh b BEERMEE L, KD/ S—t 2 A UEOHXFRZET 1%
FKiich v, +01/hEV, PASCALOD K /A OFERE, K OSSR OFH R O
REPNIELSENEL TWD Z LR TE D, 8k, ZOHITIE T— RTNoriE—43.313CT
—EELTND,

fi 18



fRIRR-HRE A-3000-1-1

PASCAL ® (it A — &

ap

HH

=5

i
R

fife

RTnpr

Ly

- IR

TSI

BIURTET LR

BIELERS

Al > = —
Al

S AL AT

S B R IR

A R E R

AR E WAL

BIIER - 45 1L O R

iR 47 B AR O FEAlh

S DIERGREL

BRI K OIS L RARE DU %

AT

TR R PR

BRI IG )

TEERE I

RHR-WRE A-3000-1-2 hiEFREESHOMEEICEY HRIEDH

IN—t U F A IVE

Microsoft Excel®
B A

PASCAL*
YooY TR B

(B— A)/A*100[%]

6.9105

6.9486

0.5516

7.8327

7.8465

0.1757

50

10.0000

9.9988

—0.0124

95

12.1673

12.1519

—0.1266

99

13.0895

13.0428

—0.3568

*1: $ U 7% 100,000
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fRSR-MEE A-3000-1-3 K, 27 OHEEICEE I S HREEDH

PAREMER  p Microsoft Excel® PASCAL™ (Pi—p)/p*100
T A T NGAR BIGERIER « P [%]
(K [ MPavm [iZ %))
0.01 37.35 0.009957 —0.4295
0.05 45.40 0.04978 —0.4394
0.5 71.39 0.4984 —0.3150
0.95 99.07 0.9492 —0.0826
0.99 110.02 0.9899 —0.0129

T— RTnpr= —43.313 [°C]
*1: $ 27U 7% 100,000

(fRSE-PMHEE A-4000-1) FHffi 7 0— - FFEEXDREE
Bl 2L, [RMIAHRZHERMR ), [RIT ARG LR, TR RRERMEE,
M EomBE ), [TRZER - (F1ILHE), TRRREE D KRN0tz ), ey
WL, TR B OS], TVABZRREIS ), TR 52 B89 2 3R =CAs st
% & 72%, PASCAL®ODRFEH H — % 2 fif il & -FJE & A-3000-1-1 (27”7,

PASCAL® 7 7= B 0 i & 8RR D U 2 (2B 2 RRRE O 5 & fifan 22 - (R
FH A-4000-1-1 1279, ZOFITIE, FHRICEN SN AEA@E O & 13hE, T3y
TDIODOHNET>TEY, KD Kex Bz 5E CREFZOMANERF SIND Z L,
KD Kie %82 % & WEREBAD b Bl A I RWBRICBAFE N b5 2 &, filin
ICEWAZUIEI Y b o 12 %I13R — ORI W\ T, BESHENTR SN T KRNFE S
NLZLZRTHENTE D,

PASCAL®% 7= JEAC 4201-2007[2013 B O DML THIEDORGEE LT, H
M- IRE O BT 2 MG O 1 & figtsi 22 - B B 3 A-4000-1-2 127”7,
JEAC 4201-2007[2013 FB##AR]1®TiL, Cu, Ni, WM:7-HRE&E, FREREEE, 7RO
FAEIZHR L CHRIERER N TEZ LN TEY, 205 BHHMEFHRICOW TERTHiR
THZEELTWD,

ARTNprip — ARTNprT; 4
logg, — logg
ZOMMNZONWT Y, [AERO HIETHEEEZIT> T D,
7235, JEAC 4201-2007[2013 FiBFHAR] @ DMt THIEDRFEE L ClE, ZOHNZINZ T,

FTEDRDENE LA SIS Z &, FETHRUSD /ST A —Z 2O TRIERIZIE L

HIMEND Z L 2GR T DRENH D,

ART,

vorie ™ METNDTI A F

(o, ~ )
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fRIRR-HRE A-4000-1-1

BRERHELARERVEZICET SBREAOH

1537 FRATRSE R i [ Nl Y R
(4] Kr Kr. Kr Kre
[ MPavm | | [ MPayvm ] | [ MPayvm ] | [ MPavm |
32 Liparfhe 70.47 72.80 — —
32.5 FWAaR 70.68 70.87 — —
33 70.86 69.09 153.79 143.73
PN 2R
33 — - 157.28 -
*1 N

fRERFZ-MBE A-4000-1-2 JEAC 4201-2007[2013 4F:E#HhR] © DREIEF Rli%

ICE89 SHREEDHI
FR - B G B E 3R BB g AR PASCAL®
(1019 n/cm?, PR3 H PR PR A RTnpr [C]
E >1MeV] 1.0x1011 2.0x1011 1.5x1011
A RTnor [C] A RTnor [C] A RTnor [Cl
(Microsoft
Excel®)
1.0 56.2 54 54.91308 54.91308
1.5 65.5 64 64.62256 64.62256
2.0 71.6 71.1 71.30752 71.30752
2.5 76 76.4 76.23399 76.23399
3.0 79.6 80.7 80.24346 80.24346

(RT-MEE A-5000-1) BAFE LN OEMEEDS M

FAVORECDIZHOWTCIiZ, BAZHERITH 5 ORNL LIS OFEEI & 20 L C, & OMREED it
Iz,

PASCAL®Z DWW T, TPASCAL B MR LV —F 7 7 —7) OIZB W TZEDY
— ADBAFEE LIS OEH OB BIR S, BEENTT O,

(RER-MIEBE A-6000-1) ROFI—YEHOTRA
EFSAR L F~— 7 fEMTIC B OT PASCAL®DME F X7~ (1, 42)

(fESi-FMi/EE B-2000-1) PASCAL 2 L-ER TS > FZxd 2B EH
EWNET LT T FEERE LR E B O 5 K O F1EI2HE 5 PEM Ofigtr
FHINSE RGO R I TI Y, FHlR R O IS X 0 @i = — ROMGEIC AT
HZEWNTED, HHISNIZENTT VT T 2 N ORISR R O 7 f AT 6 5 % fig i 2% -
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B 3 B-2000-1-1 & OMiERZ<- It @ & B-2000-1-2 IZZENZEIVRT,

RS R-MERE B-2000-1-1 ERETILTS Y FOBHTEH
¥ HH S
RN 22 2m
- 77y REE 5.5 mm
S -4
I Ay TZLJ% = 200 mm
0 = 4m
TRHEEALE k[E Beaver Valley Unit1 3 /L —7
JRFIRIE R RN R mE IS 1 D5/ KT 7X 1019 n/cm?
HE - BRSSP fiE (E>1MeV)
FRS S il 7 1) R OVE T oA, 2 0RAD 0T —F ZEH
HRAHRE 288°C
Hp- R 4.624 %1010 n/cm?s (E>1MeV)
Cu O -m: 0.16 wt%
- - R 0.14 wt%
fesens S « B 0.61 wt%
NP - R 0.8 wt%
RTnpr - fHF -5 C
I IR - R —50 C
i R-MESE B-2000-1-2 &N EERFAERVERRBFEOHNER
LA 50%% A /U H 95% % A JVE 99% % A JVIE
(IHFA#7) (4F4) (1F47) (A7)
O R 2.9X107 6.1X1014 7.9%X107 5.5X106
A B 5.9X10%9 5.9X 1017 4.6X 1010 1.7X 108
(fRS-MEE C-1000-1) BEERDEE

KETIE, PTS i 7w o = 7 M0ITIWT, UK fEHT 2 & Leikit 72 TWCE FE:Afh
PATHOXHRE L TRESINTZMRFE 3 7T (Beaver Valley, Oconee, Palisades) ™
REFENE, —BMEZMERT 5700, (RES T T NEZOMD 57T 2 FOREBTHILT
RPN

WPEFZOFAICE L TE, PRA KOAREEMEMAT (HRA) ([ZHSx, Zhbov
TV ANCHETL2HAIZONWT, RET T M2 5 77 o SOl R1Thoi, R
KT bOT—XOEAERHGR SN TS, T2, BEFZOBUKDIBREIZEET oM
71Tl PRA/HRA RLEUK NEVBLAIZE S BLE LB U T, PTS#HIiZ17T9 9 2T, £D
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HONREEZET D5E2E, PHEREOIS) MM E L5 A 570, IFEMEREE) &
CIZ<WEWEEB T OIS OB EZEET 5 2 L bUETHD, LER-T, 5tH
B BE L COREFZOBHBRELEET 258 TH-oTh, LIRIGEAMOIET D L5
T DL, 1 RMEM OIREAR T &N > TRFFENRHFPIRERTL, 20
B OBYUS TR 2 R4 2 fHlIC I 2 MERROBEET — 2 G0 5 Z L EET
Ho,

fif 23



(BEXH)

oy

(2)

(3

(4)

(5)

(6)

(7

8

9

(10)

(11)

(12)

(13)

(14)

(15)

—fRAEETEAN AAERH S, TERIBINFRRETF IR PR AT 5 it
AR T OBIEEIMEOREFR 715 ), JEAC 4206-2016, (2016).

—fRAEEIE N B A2, TI8 B R sl BUSHER LR (2012 48RR) 1, JSME
S NA1-2012, (2012).

—fRAEEVE AN AAER S, TEKBINFREF IR R st o BT
%), JEAC 4201-2007[2013 48B4k, (2014).

25, TPASCAL fEfEMEM LU —F > 7 7 —FIEE RS — Pk 27 £ — |,
JAEA-Review-2017-005, (2017).

Li, Y., et al., “Verification of Probabilistic Fracture Mechanics Analysis Code
PASCAL,” ICONE25-66468, (2017).

Li, Y., et al., “Verification of Probabilistic Fracture Mechanics Analysis Code
PASCAL Through Benchmark Analyses with FAVOR,” ASME Pressure Vessels
and Piping Conference, PVP2017-66004, (2017).

Malik, S. N. M., “FAVOR Code Versions 2.4 and 3.1 Verification and Validation
Summary Report,” NUREG-1795, (2007).

B S, -7 ) A4 e Ram ORI ) ST = — N PASCALS O F51 &
OMEMT %), JAEA-Data/Code 2010-033, (2011).

Arcieri, W. C., et al., “RELAP5 Thermal Hydraulic Analysis to Support PTS
Evaluations for the Oconee-1, Beaver Valley-1, and Palisades Nuclear Power
Plants,” NUREG/CR-6858, U.S. Nuclear Regulatory Commission, (2004).
EricksonKirk, M., et al., “Technical Basis for Revision of the Pressurized
Thermal Shock (PTS) Screening Limit in the PTS rule (10CFR50.61) ,”
NUREG-1806, U.S. Nuclear Regulatory Commission, (2006).

Katsuyama, J., et al., “Assessment of Residual Stress Due to Overlay-Welded
Cladding and Structural Integrity of a Reactor Pressure Vessel,” Journal of
Pressure Vessel Technology, 135(5), 051402, (2013).

Hirota, T., et al., “Proposal for Update on Evaluation Procedure for Reactor
Pressure Vessels against Pressurized Thermal Shock Events in Japan,” ASME
Pressure Vessels and Piping Conference, PVP2014-28392, (2014).

Kirk, M. E., et al., “Sensitivity Studies of the Probabilistic Fracture Mechanics
Model Used in FAVOR,” NUREG-1808, (2006).

Kirk, M. E., et al., “Probabilistic Fracture Mechanics - Models, Parameters,
and Uncertainty Treatment Used in FAVOR Version 04.1,” NUREG-1807,
(2007).

o, #k &8, 73, 1656(1987)

fif 24



(16)

17)

(18)

(19)

(20)
(21)

(22)

(23)

(24)

(25)

(26)

27)

(28)

(29)

U.S. Nuclear Regulatory Commission, “Fracture Toughness Requirements for
Protection against Pressurized Thermal Shock Events,” 10CFR50.61.
Marie, S. and Chapuliot, S., “Improvement of the Calculation of the Stress
Intensity Factors for Underclad and Through-clad Defects in a Reactor
Pressure Vessel Subjected to a Pressurized Thermal Shock,” International
Journal of Pressure Vessels and Piping, 85, p517-531, (2008).
VT A ML, TSERR NS B OIS THIERREL DRI DWW T, M&M2015 #48}
NFH 7 7 LA, 080916-211, (2015).
Katsuyama, J., et al., “Development of Probabilistic Evaluation Models of
Fracture Toughness Kic and Kia for Japanese RPV Steels,” ASME Pressure
Vessels and Piping Conference, PVP2015-45915, (2015).

HABN 2,  [HESRTRAIEE ) b Fik o FPEDTsE (ID ] |, (1994).
Moinereau, D., et al.,, “Validation of ACE Analytical Criterion for Warm
Pre-Stress Evaluation in RPV Integrity Assessment,” ASME Pressure Vessels
and Piping Conference, PVP2015-45103, (2015).
Iwata, K., et al., “Specimen Size Effect on Fracture Toughness of Reactor
Pressure Vessel Steel Following Warm Pre-Stressing,” ASME Pressure Vessels
and Piping Conference, PVP2016-63795, (2016).
U.S. Nuclear Regulatory Commission, “Alternate Fracture Toughness
Requirements for Protection against Pressurized Thermal Shock Events,”
10CFR50.61a.
A, B, [U 2 Z1ER D7 OMeRTmIRIE ) F 808 e LIcH ), (—4b)
AARGEEN S RT O EES PFM /NEE S, (2014).
VeI, EIRE, RS, SRR, THUAT ORI E ) A A DR EWﬂﬁ??i NS i
PASCALS3 % W\l 173 i) , B AR )72 fnSGR 3CES, Vol. 12, No. 3, p.
211-221, (2013).
Osakabe, K., et al., “Estimation of Through-wall Cracking Frequency of RPV
under PTS Events Using PFM Analysis Method for Identifying Conservatism
Included in Current Japanese Code,” ASME Pressure Vessels and Piping
Conference, PVP2014-28621, (2014).
Williams, P. T., et al., “Fracture Analysis of Vessels — Oak Ridge FAVOR, v12.1,
Computer Code: Theory and Implementation of Algorithms, Methods, and
Correlations,” ORNL/TM-2012/567, (2012).

MRS58 BT O ) ERRR R A 5 & U7 feRamny U X 7 3l B9 5 Feki 1
#: 2013 (UL 1PRA ) ) , AESJ-SC-P008:2013, H A5+ 11474, (2014).
WHE TS B R SR A ey, [VAB S P B S M SERER R 2 B+ 5 A

fif 25



(30)

(31)

(32)

(33)

(34)

(35)

(36)

37

(38)

(39)

(40)

(41)

(42)

W U 47 ) A I BB R BR ] [ & & o fll) |, (1992).

Whitehead, D. L. and Kolaczkowski, A. M., “PRA Procedures and Uncertainty
for PTS Analysis,” NUREG/CR-6859, U.S. Nuclear Regulatory Commission,
(2004).

Simonen, S. R., et al., “A Generalized Procedure for Generating Flaw Related
Inputs for the FAVOR Code,” NUREG/CR-6817, Revision 1, U.S. Nuclear
Regulatory Commission, (2013).

Stevens, G. L., et al., “Technical Basis for Regulatory Guidance on the
Alternate Pressurized Thermal Shock Rule,” NUREG-2163, U.S. Nuclear
Regulatory Commission, (2015).

Chou, H. W, et al., “Structural Reliability Evaluation on the Pressurized Water
Reactor Pressure Vessel under Pressurized Thermal Shock Events,” ASME
Pressure Vessels and Piping Conference, PVP2014-28350, (2014).

Reactor Vessel Integrity Database (RVID) , Version 2.1.1, U.S. Nuclear
Regulatory Commission, (2000).

U.S. Nuclear Regulatory Commission, “Radiation Embrittlement of Reactor
Vessel Materials,” Regulatory Guide 1.99 Revision 2, (1988).

Katsuyama, J., et al., “Guideline on Probabilistic Fracture Mechanics Analysis
for Japanese Reactor Pressure Vessels,” ASME Pressure Vessels and Piping
Conference, PVP2017-65921, (2017).

U.S. Nuclear Regulatory Commission, “Format and Content of Plant-Specific
Pressurized Thermal Shock Safety Analysis Reports for Pressurized Water
Reactors,” Regulatory Guide 1.154 Revision 0, (1987), (Withdrawn (2011)) .
U.S. Nuclear Regulatory Commission, “An Approach for Using Probabilistic
Risk Assessment In Risk-Informed Decisions on Plant-Specific Changes to The
Licensing Basis,” Regulatory Guide 1.174 Revision 3, (2018).

U.S. Nuclear Regulatory Commission, “Regulatory Guidance on the Alternate
Pressurized Thermal Shock Rule,” Draft Regulatory Guide DG-1299, (2015)
EricksonKirk, M. T., and Dickson, T. L., “Recommended Screening Limits for
Pressurized Thermal Shock (PTS) ,” NUREG-1874, U.S. Nuclear Regulatory
Commission, (2010).

Kanto, Y., et al., “Summary of International PFM Round Robin analyses among
Asian Countries on Reactor Pressure Vessel Integrity During Pressurized
Thermal Shock,” International Journal of Pressure Vessels and Piping, 90-91,
p.46 — 55, (2012).

Dautreme, E., et al., “MAI Benchmark Campaign of International Software for

fif 26



Reactor Pressure Vessel Integrity Assessment,” ASME Pressure Vessels and
Piping Conference, PVP2014-28212, (2014).

(43) Whitehead, D. W,, et al., “Generalization of Plant-Specific Pressurized Thermal
Shock (PTS) Risk Results to Additional Plants,” #M1L042880482, (2004).

fig 27



