HERRPBENZORFHEEREAD
MYAAICEHT SRELFHRE

(PFMZERY A 1=3R#&(<BIT 5@ D BIA)

ENPRHFER WERA

M&M2015 ¥ h=FhoT7LU X
2015411 823H

]R Central Research Institute of
Electric Power Industry

© CRIEPI 1



B R F Oz REEETMmEPFM
O IR ORI EER
O LGEERGE? CREREEER)

B ESNDIRR
O KEIZHITHIKR
® ST {la—KFDRIF
® T H|I~DHEY) A A
O KELUSNDOEEICE THIKR
® JS5 X, HXK

2015/11/23 © CRIEPI 2



— ]R Oere) Rosearch instiute of
Electric Power Industry

BT H#BOREETMmEPFM

2015/11/23 © CRIEPI 3



Central Research Institute of
Electric Power Industry

A R DR EFZR [T T, PTSER

B[R FIFOREHFILECRIAFFELANROE
HIHFD EABRFORNNEISEEENE
I5&

O 2R - BURMEICEYIRBEA RIS ML=BIE 1

1l

1hn

MEES S
O BEDE TS, BREE TIEmIE A
ETY3

55k

£ e

RAFF DRI R

-

(ECCS)D1EEIC
FOFED AR

PWREHER FKaEDET

© CRIEPI



I R REE
EHIE RDIEIREFZR -

EAE=R EEEL, MEREGER

B AEICKY., FAEBDEARELCEGRIZ5]
RDFENRERTIND

B EHNFILROFERCANEREEICKY
RICADFEET D

B EEEGDRLYIEDEIVEEETOES
MEHELR

>

BRERETE Kic

fFKRE
(EHBHRE) | |

L$KIIIII. £
NE

>
PWRE N S+ DERE
© CRIEPI 5

X




— ]R Central Research Institute of
Electric Power Industry

B0 : B BrRi R R (LB B) & 4

Low Alloy Steel Nozzle . ﬂ % %B 11LL O) 15']
/ O A7V L AHEEE- 1E»A$

Alloy 82/182 Butt Weld

//Stainless Steel Safe End ﬂ_] / Z ) L O) E 1;2- 1;%

Stainless Steel Field Weld

g_‘:\‘:-\,\\ [] EEI Zl) JE‘.

v:, O SCCHRBIRFIZKDE
/ 7'j—|"—J€§| Al E :

O EHEHDEK
_ =R
B AT DM

lLIJ

|

Stainless Steel Cladding Stainless Steel Pipe

2015/11/23 © CRIEPI 6



[R cheer
HERERI: REREERRD LLER
B REM

PTS BT oK
O RFHEDIEHE FREXET SRR
® TARTHEHERFHMIC temperature

Ri5t5
® RHDRB|BHYITHRSFRIL

ETILEALS

o KERIFHE (R,T) M n
W R @ ~ Dt
O SRR EH loa® @ (&

o LH DU TH

o REMMMBFM

® IFIRMERICILL, &RER
IS L TRSFIEZE SR E

Il

2015/11/23 © CRIEPI 7



— ]R G.M,a‘ R““m“ Mﬁm“m o

IFEHERRD : () RE L?SH‘%%.—%G)EQE

B R FHEEERET 0. KEHR Bt
EERETH
1/4t8 %
- %Tgé 10mm&EH
O (28 21t 5 LU ERER '
= wRED1/4

(fé %/5E§40~50mm)
O PTS = &ZFESI10mm

160~200mm

© CRIEPI 8




I || cReer
HERRRDL - RHFHERFDA) v, EERDA)YE

B RHEE
O BEEEEETMIZHTHZLDEMNTA—2DEE
T=RIZEHEL, FBHIERTERET H7T74TIT7 DY
AR, (EEEMEEZR LI EAIENTES.
O BFHATIUMDEOIGEHRICENTIE, 84 DT
(CCTIZRPVAEEEDEEM) DFEZR LT HIE
TIZUREARD) R T MDIETEMEZE R L TES.

mEXR
O TNEFNOEM/ATA—ZIZERKH, EENELHE
ERETDH_ET, BTG IZAT) 7 DIEE R TEL
I HREMMICLEL, sHMEDSEIEIEAFHES.

2015/11/23 © CRIEPI 9



— ]R Oere) Rosearch instiute of
Electric Power Industry

KE DK

2015/11/23 © CRIEPI 10



X
FSALYEBEICHITARERDIRY

TABLE 6-3 INDIVIDUAL.RISK OF EARLY FATALITY BY VARIOUS CAUSES

(U.S. Population Average 1969)

Approximate
Individual Risk

Total Number Early Fatality
Accident Type for 1969 Probability/yr (2)
Motor Vehicle 55,791 3x 1074
Falls 17,827 9 x 107°
Fires and Hot Substance 7,451 4 x 10-5
Drowning 6,181 3x 1070
Poison 4,516 2 x 1070
Firearms 2,309 1x107°
Machinery (1968) 2,054 1x 107
Water Transport 1,743 9 x 10F6
Air Travel 1,778 9 x 10°°
Falling Objects 1,271 6 x 10°°
Electrocution 1,148 6 x 107°
Railway 884 4x 10°°
Lightning 160 5 x 10-7
Tornadoes 118(b} 4 x 10-?
Hurricanes 0@ 4x 1077
All Others 8,695 ax107°
All Accidents (from Table 6-1) 115,000 6 x 1074
Nuclear Accidents (100 reactors) - 2 x 10—10(d)

(a) Based on total U.S. population, except as noted.

(b) (1953-1971 avg.)
(c) (1901-1972 avg.)

(d) Based on a population at risk of 15 x 106.
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P. T. Williams, T. L. Dickson, and S. Yin,
* Fracture Analysis of Vessels — Oak Ridge FAVOR, v12.1, Computer Code:

Theory and Implementation of Algorithms, Methods, and Correlations

Lessons learned OCA - |
e FAVOR )er{oca:n

° IPTS (early-mid .
1980s) ; ORNL: Early 1980s

Yankee Rowe

% VISA - |
(early 1990s) Public releases of FAVOR: VISA- Il
PWRs/Cooldown Transients —{ NRC/PNNL
in 2001,2002,...2007 Early 1980s
FAVOR™ - Heat-up
Transients in 2006

FAVOR (2009)

Generalization to PWR/BWR Geometries
Internal and/or External Surface-Breaking Flaws
Embedded Flaws
Heatup or Cooldown Transients

Fig. Al. Depiction of the development history of the FAVOR code
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P. T. Williams, T. L. Dickson, and S. Yin,

Fracture Analysis of Vessels — Oak Ridge FAVOR, v12.1, Computer Code:
Theory and Implementation of Algorithms, Methods, and Correlations
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Fig. 11. Interaction of the applied K; time history and the Weibull K. statistical model for a
postulated flaw.
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10CFR50.61

- (use Reg. Guide 1.99 Rev.
2 methods to calculate
embrittlement effects)

10CFR50 10CFR50
Appendix G Appendix G 10CFR50

Appendix H

Reg. Guide 1.99 Reg. Guide 1.99
Rev. 2 (for Rev. 2 (for
calculating calculating

embrittlement embrittlement
effects) effects)

10CFR50.61a

* (specifies own methods to
calculate embrittlement
effects)

ASTM E 185 (-73, -
79, or -82; testing &
reporting procedures
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Appendix K p% 8 E 82)
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. 10CFR50.61a TG RAINT=-F -5 1%

R MAX -

Product Form and
RTMAX—X Values

RTuaxx Limits [°F (°C)] for Different Vessel Wall Thicknesses’ (Twar))

TWALL <£95in

95in (24.1 cm) <

10.51in (26.7 cm) <

(24.1 cm) Twa < 10.51n (26.7 Twa £11.5in (29.2 cm)
cm)

Axial Weld RTyaxaw 269 (132) 230 (110) 222 (106)
Plate RTpyax.pL 356 (180) 305 (152) 293 (145)
Forging without 356 (180) 305 (1p62) 293 (145)

underclad cr'zacks
RTMA)(,FO

Axial Weld and Plate 538 (281) 476 (247) 445 (229)

RTwaxaw + RTumaxeL

Circumferential Weld 312 (156) 277 (136) 269 (132)

RTwaxcw’
Forging with underclad 246 (119) 241 (116) 239 (115)

cracks RTMAX-FO4

TWall thickness is the beltline wall thickness including the clad thickness.

2 Forgings without underclad cracks apply to forgings for which no underclad cracks have been
detected and that were fabricated in accordance with Regulatory Guide 1.43.

8 RTprs limits contribute 1x10-8 per reactor year to the reactor vessel TWCF.
4 Forgings with underclad cracks apply to forgings that have detected underclad cracking or were

not fabricated in accordance with Regulatory Guide 1.43.
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O CUVE1D-OpenTURNS
O FAVOR

Benchmark

FAVOR

models and
assumptions

analysis
conditions

CUVE1D- PASCAL3

oT models and
D P A S C A L 3 ;:gf;lst:)?g assumptions

B SB-LOCA, LB-LOCA, SOV#:T

CPI-1 CPI-2 CPI-3
Number  of
I- II - Stress o1 - Ky
random 2 4 5 Temperature module module
variables module benchmark + benchmark +
benchmark +
K¢ X X X =
RTypy X X X IV — Software comparison +
Flaw depth X X
Flaw aspect
) X X
ratio DAUTREME et. al, "MAI BENCHMARK CAMPAIGN OF INTERNATIONAL
Fluence X SOFTWARE FOR REACTOR PRESSURE VESSEL INTEGRITY ASSESSMENT,"
Proceedings of the ASME 2014 Pressure Vessels & Piping Conference PVP2014,
PVP2014-28212, July 20-24, 2014, Anaheim, California, USA
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