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For the improvement of the structural integrity assessment methodology on reactor pressure vessels
(RPVs), the probabilistic fracture mechanics (PFM) analysis code PASCAL has been developed and
improved in Japan Atomic Energy Agency based on the latest knowledge. The PASCAL code evaluates the
failure probabilities and frequencies of Japanese RPVs under transient events such as pressure thermal shock
considering neutron irradiation embrittlement. In order to confirm the reliability of the PASCAL as a
domestic standard code and to promote the application of PFM on the domestic structural integrity
assessment of RPVs, it is important to perform verification activities, and summarize the verification
processes and results as a document.

On the basis of these backgrounds, we established a working group, composed of experts on this field
besides the developers, on the verification of the PASCAL module and the source program of PASCAL was
released to the members of working group. This report summarizes the activities of the working group on the
verification of PASCAL in FY2016 and FY2017.
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2) FCI T TWCF ~0 2%

# 12 OFFEEIZ A% FWT FCL MOV TWCF 2 8E H L, EOfEA i LU7e, S 222 L
[FIERIZ, BRI FIE R OENET VT — 2 2R L, 222 HOFBER OB Tkt 714
Z 50000 & L7225, AT 2872 T, > 7V 5A 10000 & LTz,

FCI %O TWCF OfENTE R 2 22 14 L OFE 151277, £72. 0.5min O — A& HUEZ L
TeFEXfRR A2 & TN E N 16 O 17 ITRT,

F 16 1D, S DA BGAITITREZEN bR E <, FCI T25%, TWCF T 227%D#iEL e ol-, =
DOJFEKIZ, K9 IR LIZE 21, 5 DEATIL SO126 FROIE LR O — 7 HE KB TE
MoleleOThHEEZ LD,

FCI, TWCF & $1Z 1 3HA T S%LL F DAL e o7, £7, AR — A D Douglas—Peucker 7 /L
Y XL ERHWTfENTCrX, #3281% FCI Tl 2%F2% ., TWCF Tl 3%f2E THh ¥ . Douglas—Peucker
T T Y X BRI ORFREIZ B DOREIZHENTHH Z L iR LTz, 72721, BERIOEEES % A
5L 10%L EOFFRAEZ AL TWD DO H H Y | U RKEZI A O E HIEIZ DN TIEL, 4% b
BRETT o E R B 5,

# 14 BRFEZN I D FCI DTSR AL « /4]

/r— A4 |SBLOCA |[LBLOCA| MSLB | SO060 | SO71 S097 | SOI126 | SO130 | total
Base |2.07x10°[1.22x10°]2.39x107|9.33x10?[2.61x10"°/1.06x10%|2.11x107|8.39x10|3.56x10°°
S5min |2.09x10°]2.00x10°|1.74x107 |1.10x10#|5.55x10"!| 7.06x10°|2.49x107|5.33x107 |4.53x10°°
2min  [2.06x10°|1.38x10°(3.59x107|1.42x10°%(7.23x107""|7.04x107 | 1.88x10?|8.76x107 | 3.83x10°
Imin |2.07x107°(1.48x10°|1.84x107|1.11x108(2.44x1071°1.11x10®|1.87x10?|9.69x10|3.77x10°
0.5min [2.07x10°°|1.24x10°(2.70x107|1.11x10®|2.45x101°/ 1.11x10% | 1.86x10|9.78x10?|3.62x10°°

F 15 FEEMAI I8 H TWCF OFENTHRER AL « /P4
/7 — A4|SBLOCA |LBLOCA| MSLB | SO060 | SO71 S097 | SO126 | SO130 | total
Base |2.42x10%]7.32x10]9.52x10(4.93x10?(1.76x107"2[1.50x10?|1.30x107'°|1.63%x107'%/4.78x10*
Smin  |4.04x10%(9.83x1071/1.45x10%|2.85x107 |4.22x1073(7.84x107%/ 1.01x1077 [2.45x107'% 1.61x1077
2min | 1.41x10%]2.83x10[9.73x10?|3.35x107 |2.49x107'%7.78x107°/8.48x10'12.18x107°| 3.11x10°®
Imin |2.43x108]1.11x10%|1.14x10®|3.11x107(9.42x107139.29x107°/7.39x10!1/1.60x1071%5.11x10®
0.5min |2.43x10°%|1.01x10®|1.01x10%*|3.21x10?|5.40x1073 1.03x10°6.94x1071/1.59x10°1°|4.90x 108

# 16 0.5min & HEUEIZ L7245 0 FCI OAEXREZE [%]

/7 — A4 SBLOCA |LBLOCA| MSLB SO60 SO71 SO97 SO126 | SO130 total
Base -0.1 -2.0 -11.8 -15.7 6.7 -4.7 13.2 -14.1 -1.7
5min 0.7 60.7 -35.6 -0.6 -77.3 -36.3 13254.9 | -454 25.2
2min -0.4 10.9 32.6 28.3 -70.4 -36.4 1.0 -10.4 59
Imin 0.1 19.0 -32.1 -0.1 -0.4 -0.1 0.4 -0.9 42
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# 17 0.5min % BHEIZ L725E O TWCF OFHXIRRZE [%]

/7 — A 4| SBLOCA |LBLOCA| MSLB SO60 SO71 SO97 SO126 | SO130 total
Base -0.4 -27.7 -6.2 53.7 225.5 45.6 87.0 2.7 -2.6
5min 66.3 -90.3 43.3 -11.2 -21.7 -24.0 | 145039.8| 543 227.4
2min -41.9 -72.1 -4.1 4.3 360.9 -24.5 22.2 374 -36.6
Imin 0.0 9.6 12.1 -2.9 74.6 -9.9 6.5 0.6 4.1
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Realize your dreams

PASCAL2016-WG-3&#}
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* PASCAL-WGTE—OPTSER%ZI7V> ROE>#HEFTI 3,
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* PrePASCAL ver. 1.3
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2. PrePASCAL A h&#
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2. PrePASCAL A QW&EH -IEHBH/EK-

BB
BN RERUENET LT 5

IHI

Realize your dreams

PASCAL2016-WG-3& #}

ENEBORE (I7yRELHED) 0.2055 m
ENEHOAE 1.9945 m
73y FDES 0.0055 m
HEBRE 288 C
FEMXy> 17848 3

(U3yREERE)
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2. PrePASCAL A ©&#

ERVERAT
JAEARRH DT ST —5%(EF

20 7857.2 445 39.1
100 7834 487 40.1
200 7803 517 38.9
300 7770 552 37.7

0 7866.5 441.7 14.3
100 7822.9 493 15.6
200 7782.6 523 17
300 7740.2 538 18.3
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2. PrePASCAL A W&l - Y1EE-
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3. PASCAL3 A h &4 IHI

Realize your dreams

PASCAL2016-WG-3& #}

PASCAL3 : E2URS, SRRIZEELL. LI,

BARSAE | S
- —| inpu
VINIITZ, RATT—Z RO ERFARYMEc/a [ EFREE| S5m0  mE
LBLOCA. MBLOCA.
SBLOCA. MSLB.
Pre-PASCAL SO_060. SO_071. - - - 9
SO_097.S0_126.
SO_130
5T N 11544
p 1_BEA -2 U3 55
s | Axial - Sﬁﬁ gERe2a 1.125.1.375. 2.5
Enbeded | @@ Srhi 3.5.4.5.5.5.7.9.
B Circular 2_BEC 5]/100*thickness 12.5. 20 55
Base L
B _ 3-BSA 0
KREEH | Axiet - 150 S&AF 62k ERLBL
Surface Eﬁﬁ 4 BSC 0.006mm 1,3,5,10 05.1, 2, 5
PASCAL Circular, 3,5, 7
I
757 " 11545 x10%°n/cm?
PuEpEz | Axial >-WEA 2&%{# dMR2a 1755 1375, 2.5 AmmELT | 203
Enbeded | @715 ~ ) 3.5. 4.5, 5.5, 7. 9, Ui
23]/100*thick
— Circular 6_WEC 3]/100*thickness 12.5. %0 253
Weld 5
w _ ZwSA 0
KREER | Aoxiet - 1544 BESE ZRELEBW
Surface }_a;‘j-r.‘:j 8_WSC 0.006mm 1,3,5,10 5
Circular
Post-Pascal PASCAL3E[EIER 1
Copyright © 2016 IHI Corporation All Rights Reserved 9
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3. PASCAL3 A h &4 IHI
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Copyright © 2016 IHI Corporation All Rights Reserved. 11

3. PASCAL3 A h&EH#H IHI

Realize your dreams

PASCAL2016-WG-37T 44
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3. PASCAL3 A h&# wiH I

PASCAL2016-WG-3& #

REARFERRIC T -5 | IAEATRBEOT SN T 9% EM
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Copyright © 2016 IHI Corporation All Rights Reserved. 13
3. PASCAL3 A K& THI
Realize your dreams

PASCAL2016-WG-3&#}

MRIOEERT) | RENBRITERNRVERNET LT -4
BESNTORMEFER DI T Z2ERLUR,

(525 Cu[wt%]  Ni[wt%]  P[wt%]  Si[wt%] K.[MPami2] K,[MPam2]
Ei5E 0.16 0.61 0.005 0.375 = =

T RE 0.01 0.02 0.001 0.035 0.15 0.279
=/IME 0.11 0.51 0 0.2 = =
=AE 0.21 0.71 0.01 0.55 = -
14910 50 50 50 50 50 50

BEERE Cu[wt%]  Ni[wt%]  P[wt%]  Si[wt%] K. [MPam¥2] K,[MPami?]
SE9ME 0.14 0.8 0.005 0.375 - -

FERE 0.01 0.02 0.001 0.035 0.15 0.279
=/IME 0.09 0.7 0 0.2 - -
R=AfB 0.19 0.9 0.01 0.55 - -
F1t00 50 50 50 50 50 50

Copyright © 2016 IHI Corporation All Rights Reserved
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4. PostPASCAL A Q&% ITHI

Realize your dreams

PASCAL2016-WG-3& #

BIBEOFLESRE | RENBITRENRVERET LT -5
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MBLOCA 1.6x10-5

SBLOCA 5.9x104 5.9x10+4
MSLB 2.4x104 2.4x104
SO-60 4.0x10° 4.0x10°
SO-71 6.8x106 6.8%x10°®
S0-97 6.8x106 6.8x10°©
S0-126 3.4x104 3.4x10*4
SO-130 5.6x10° 5.6x10->

XMBLOCADSEE (FLBLOCAICHNZ TEHEUL Tz,
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4. PostPASCAL A H&H IHI
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PASCAL2016-WG-3& #}
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SO126 F4:
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sy 1) PR ALK

c/a=1.125

2a=0.03x (HUE T™)
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SBLOCA %

Stratified MC Sampling
A AN RA TORIE T & LT 200 mm Ve,

JE G MFREBAD 77— 1, 3122V T, fESRFHARI Importance Sampling T, i /7 ] N AL D
=22, 4120V TIE, BB MC TfTo7z, WHBROES FMOSMILZ 7 v NE FnD 3/8T
FETIC—RIZOMT D E LT,

FTo, MR OBHEROM BT — 2 IZLL T 0@ Y Th b,

RERS
————— material properties and chemistry ——
Young's modulus :2.10000E+05 [MPal
poisson's ratio :3.00000E-01
mean value of initial RTndt : -b.00000E+00 [deg. C]
standard deviation of initial RTndt ©9.40000E+00 [deg. C]
standard deviation of Rtndt shift © 8.90000E+00 [deg.C]
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truncation of standard deviation of RTndt shift
Mc Adjusting value of initial RTndt
Predictive residue value of initial RTndt

5. 00000E+00
0. 00000E+00
-1. 10000E+00

[times SD]
[deg. C]
[deg. C]

Cu Ni P Si
mean value (wt%) 1.60000E-01 6. 10000E-01 1.60000E-02 2. 00000E-01
standard deviation (wt%) 1.00000E-02 2.00000E-02 2. 00000E-03 2.00000E-02
minimum value (wt%) 1.10000E-01 5. 10000E-01 1.00000E-02 1.40000E-01
maximum value (wt%) 2. 10000E-01 7. 10000E-01 2.20000E-02 2.60000E-01
FRHEHR
————— material properties and chemistry ——
Young's modulus 2. 10000E+05 [MPal
poisson's ratio 3. 00000E-01
mean value of initial RTndt -5. 00000E+01 [deg. C]
standard deviation of initial RTndt 9. 40000E+00 [deg. C]
standard deviation of Rtndt shift 8. 90000E+00 [deg. C]
truncation of standard deviation of RTndt shift 5. 00000E+00 [times SD]
Mc Adjusting value of initial RTndt 0. 00000E+00 [deg. C]
Predictive residue value of initial RTndt -1. 10000E+00 [deg. C]
Cu Ni P Si
mean value [wt%] 1.40000E-01 8.00000E-01 1.60000E-02 2.00000E-01
standard deviation [wt%] 1.00000E-02 2.00000E-02 2. 00000E-03 2.00000E-02
minimum value [wt%] 9.00000E-02 7.00000E-01 1.00000E-02 1.40000E-01
maximum value [wt%] 1.90000E-01 9. 00000E-01 2.20000E-02 2.60000E-01
2. FERATHRER
fRMTRERZ L L DD ETRDOE I T RoT,
fr— A Sample No. CPI[-] CPF [-]

1 10,000 5.03047E-04 1.47435E-07

2 100,000 2.40383E-06 2.40360E-06

3 1,000,000 1.20618E-07 2.68083E-08

4 1,000,000 1.21193E-10 1.21193E-10

YT NBITHDBENKT 2 X IITRE LT, 77— 2, 4 ONHFRATIE. CPLITxIGT 2K
HRAKDBE LHAVNS K Ro TV DR, —HBZERNH D LIFILET 1T L A ST N TAREE

,40,



JAEA-Review 2020-011

ICEN->TWD, ZhuT, #EREZIIEREAZICEES R OGN, REBEDEA L~ K&
RBIINIEEMZ OGN ENFRNTHL EEZ NS,
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(6) K MIHEFLR O &k

H28F & PASCAL{E3E %A &
WG HEN A - B AR B K O RREL AR AT -
20162 A 20H

N

ATER 6

REZRMNHZRF
AR S
il REX

et

HARIE & BERFORIAS

m B
® PASCALEEMMLEWGIZHWT, £ 1 %8I L 7=,

o AERHIEEBRNEZ T,

ar

*1 REAET—

| =mmmE

EARRIE [ERENRTER] RV [BRENBRTFEROZNICHES
ZERNET AT —X] ICEDL, MEXGORE. WiBFEXR
g, TWCFEHF TCO—EDEE%EITH,

RRERRAT EARITE A N — 2 |ZStress Free Temperature=20°C& L T
TWCFEH EZ TO—EDIEE%EITS,

m EHI-F
PASCAL version 3.6
m EATIRIE * 2 BRI
HHE fE i
7oty Intel(R) Core(TM) i7-2700K CPU @3.5GHz
0S windows 10 Home 64bit
XE 16GB
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. EARE

BHOMKDEE

ERREISHh

ANTB LI zv b ORLE
TWCF R U'FCl D AT #E R

RRE R
® Stress Free Temperature DZE ik
® TWCFEUFCIDENHER

A ARIRE
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RITRE-ERHOKE X-
KEFEEHER
s
. )
BIEE 6[mm] T AT M a/b %%)[m:]hﬁ
2 0.006
6 0.018
10 0.03
20 0.06
PO 2 — B
FARIRL
ARzalmls g 1.375 1.75 2.5 3.5 45 5.5 7 9 12.5 20
0.00102750{0.00115594/0.00141281]0.001798130.00256875/0.00359625/0.00462375[0.00565125[0.00719250[0.00924750] 0.01284375] 0.02055000
0.00205500{0.00231188]0.002825630.00359625/0.00513750/0.00719250[0.00924750[0.01130250[0.01438500{0.01849500| 0.02568750] 0.04110000
0.00308250{0.00346781/0.00423844/0.005394380.00770625/0.01078875/0.01387125[0.01695375[0.02157750[0.02774250 0.03853125] 0.06165000
0.00411000{0.004623750.00565125/0.00719250]0.010275000.01438500/0.01849500[0.02260500[0.02877000[0.03699000 0.05137500] 0.08220000
0.00513750(0.00577969]0.00706406/0.00899063]0.01284375/0.01798125/0.02311875[0.02825625[0.03596250[0.04623750] 0.06421875] 0.10275000
FEsalm] |BAIRE [T ME
00010275 003176 039673 Pexg= (VFLAW) (D'-'m-'jﬂﬁx (5D
0.002055] 0.03676 0.40173 100 2
0.0030825 0.04176 0.40673 (77‘/ FE) + (BROHEX) (277 FIE) + (B x )+(%§%(Dm<é)
0.00411] _0.0467¢] 0.41173| BHtAOLIE e HETIIE = i
0.0051375 0.05176 0.41673 e 5
Rt AF-3R B IE -
B RZBISHRIEBR I RAML TEOSNEZUTOREER WS,
300 O A
Q? 250 — B ER(PASCAL)
—— AR (PASCAL
2.\ 200 ﬁ} i ( )
v ! - a- B ERUAEA)
& 150 S
j:: li =7 }fDB(M )
“2 100
—
S 50 2
= . ey I s
8 N I N o
o -50 S == AL
g s A-pA S
3 -100
o
5 150
0 01 02 03 04 05 06 07 08 09 1
x/t
[ [B#3x [B#x  [B#ix_ [B#Hox  [F5vRsk o5 vR2k 75 wF1 R [05 vFox |
|B# | -1009.12] 204005 -114408] 139.27] of of 497.72| 12852
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BV FOBRHEELUTICRT,

LBLOCA SBLOCA MSLB S0126 5060,71,96,130
01]02]03]04] 05 @S| i |[is] 2 |26 3|16|9]12]15 5 [ 10 |15 | 20 | 25 5 | 10| 15|20 | 25
06]07]08]09] 1 30 | 35 | 40 | 45 | 50
T [ ey e 314165 |51]52 1812112427 | 50 55 | 60 | 65 | 70 | 73 30 [ 35 ) 40 ] 45 | 80
16| 1.7] 1819 2 59 G4 | [EE | [FR ][5 | e e | o | Fe 73.1]73.2 | 73.3 | 713.4| 13.5 55 | 60 [ 65 | 70 | 75
21| 22| 23] 24] 25 58159 6 |61]6.2 33 33.5| 34 |34.5| 35 73.6|73.7|73.8 | 73.9| 74 80 | 85 | 90 | 95 | 100
26| 27 28| 29 3 35.5| 36 [36.5] 37 |37.5 74.1|74.2|74.3 | 74.4| 745
T T T5E 63|64 656667 o T AT 105 [ 110 | 115 [ 120 [ 125
36 (373839 4 6.8 | 6.9 75 8 80 | 85 | 90 | 95 | 100 130 | 135 | 140 | 145 | 150
41| 42| 43|44 45| |10 12|15 |20 |25 [A05]41]415]42 |45 105 | 110 [ 115 [ 120 [ 125 155 | 160 | 165 | 170 | 175
46 | 47| 4849 5 30 48 | 51 | 54 | 57 | 60 130 | 135 | 140 [ 145 | 150
51| 52| 53] 54] 55 63 | 66 155 | 160 | 165 | 170 | 175 180 ) 185 | 190 | 195 | 200
56| 57|58 59| 6 180 | 185 | 190 | 195 | 200 205 | 210 | 215 | 220 | 225
65| 7 | 75| 10 | 15 230 | 235 | 240 | 245 | 250
AR aEae EEEmEE
75 [ 50 | 55 [ 60 | 65
70 | 75 | 80 | 85 | 90

73~75% 1 0.18% A ]
Z DD KZ 55 FHkE
BRITHER
B TWCFRUFCIDBATIER % RT, RERZX 28R
E@I MWEE E@I TWCF
Twer @/ | 16 | @) | (%) | [E/E] | ) | [E/E] | (%)
peos SBLOCA | 2.04E-06] 57.4 |2.86E-08| 54.28 |2.03E-06| 57.31 |2.83E-08|51.59
eon SRE® ey LBLOCA | 1.25E-06| 35.25 |9.27E-09| 17.57 |1.25E-06| 35.25 |9.20E-09]16.78
¥ . - =501 MSLB |2:36E-07| 665 |1.09E-08| 20.71 |2:34E-07| 66 |1.09E-08|19.87

B ko '[”;LL:CA 50-1 |250E-08| 7 |392E-09| 743 |296E-08] (g4 |6.45E-09|1176
o
Z l l B SBLOCA Total | 3.55E-06 100 5.27E-08 100 3.54E-06 100 5.48E-08| 100

2.E-08

0.E+00

FCI EERFRE DOLE FCl TWCF

8.E06 SBLOCA | 1.01E+00| 1.01E+00

7606 LBLOCA | 1.00E+00| 1.01E+00

6.E-06

ms0-1 MSLB | 1.01E+00| 1.00E+00

E‘ 5.E-06
G 4Fo06  353773E-06 3.55004E-06 mMSLB SO-1 8.44E-01 | 6.08E-01
= — — LBLOCA
$ 3e06 mssl00n total | 1.00E+00| 9.62E-01

2.E06

[ . BB L ORITERE Bh—HL T B4, SO-1RRAS

0.E+00 %%(\:7@’37‘:0
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f;I:III
et
CHR
4+
=%

AT SR - B 2B -

m Stress Free Temperature : STFOZEEFEIZDOWTLTFICRT,
® IHik, PASCAL3 GIISTF2ZEE T 2HAEEE LU,
® JHIREA20°CIZREL TH000 2 T288°CETLERSE, 2%, S Y 2 MHREIZHTE
&g 5,

B 5000 DO EABRBOBREELUTICRT,
@ BT M HEETARICERBETHH288°CICH->TWB T EHHERLT-,

000 2800E
375 THBOE
L1375 \Z8B0E+03
2750 - TRANE
41258 0L
L8813 ZHBIE
S50 - L
S31E- TRBIE
- TIRTE TBBUE 4!
A 0L
1050 - IRB0E
L1217~ L B0E
1885~ e
7850k - Fam0L
g IRBOE
L3483 - JHBOE
S50 SRR
51 TE - +EB80E+
5883 ZRB0E
E350E - EB0E
-T2 T JRBIE
+TER3E - ~E230E
85508 - 28806+
571 7¢- ZEB0ES
A3 B0
1055 TBB0E
A1 B0
1 1BEEs THB0E
12556400 B
13226400 ~TE80E +
138400 B
L 1B5E 400 IRBIE
1523400 e
- 1586E+00 ~TRB0E
L1856 AR
N T22E ~TE80E +
LT8R “ZAB0E s
1855+ “IRH0E
a2 \Z8B0E
198 “TRAOE
i 7880
2055 JTRB0E

_46_



BRITHER

B STF=20°C, 288°CT# % & EDTWCFRUFCIZTRY,

FCI[[E/%]

TWCF[@E/£]

4.00E-06

3.50E-06

3.00E-06

2.50E-06

2.00E-06

1.50E-06

1.00E-06

5.00E-07

0.00 E+00

6.00E-08

5.00E-08

4.00E-08

3.00E-08

2.00E-08

1.00E-08

0.00E+00

3.55E-06

SFT=288C

5.27E-08

SFT=288C

131E-06
—

SFT=20"C

3.20E-08

SFT=20"C

®S0-1

= MSLB
LBLOCA

= SBLOCA

JAEA-Review 2020-011

SFT=288°C SFT=20°C SFT=288°C SFT=20°C
FCI FCI TWCE TWCFE

[@/%] | [%] | [@E/F] (%] (E=/4] [%] [=/%] (%]

SBLOCA |2.04E-06| 57.40 [5.52E-07| 42.12 |2.86E-08| 54.28 |1.82E-08| 56.96
LBLOCA [1.25E-06| 35.25 [6.77E-07| 51.69 |9.27E-09| 17.57 |5.54E-09| 17.31
MOLE 2aer Ui 668 [e Rl ouf B9e 1109k O8] P07 1RO UaE 22 ny
SO-1 |2.50E-08] 0.70 [3.34E-09| 0.26 |3.92E-09| 7.43 [1.17E-09| 3.66
Total 3.55E-06/ 100.00 |1.31E-06| 100.00 [5.27E-08| 100.00 |3.20E-08| 100.00

STF=20°C, 288°C

B SO-1

= MSLB
LBLOCA

B SBLOCA

DL

SBLOCA 0.27 0.64
LBLOCA 0.54 0.60
MSLB 0.33 0.65
SO-1 0.13 0.30
Total 0.37 0.61

STF=20°C £ BRE L /=3B & ESTF=288°C & ]E L /=3B AT~
FClE b —£ L0337, TWCFIE b — &L T0.615TH %,
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(7) FBROWEEE

@ #ramaunm AR 7

EFETEHERRRER

@B #vemunm Rt 2
v ERRHEY

FRHT R R RPV ER3/L—FHY

WL (EBHEEET):2 (]
97 9FEE:5.5 [mm]

REVAT& B [EE:200 [mm] |
HRARS 4 [m] :
-LBLOCA. SBLOCA. MSLB: St HR B

,,,,,,,,,,, BiEHEKL 2 -MBLOCA:LBLOCADT—#THE

-S0-1: K[EBeaver Vailley(SOGO\ S071. S097. 50126, SO130M5F&)

BASH VFLAWO H 1 (BN T 5 ME 4 5 &)

BAPHFRESE 7% 10% [n/cm?]

(L2 R4 DT A Cu:0.16 [wt%](BH#1). 0.14 [wt%](i&ER]E)

Ni:0.61 [wtd%](£#1). 0.80 [wt%](BHE2E)
EEH7 DEERE Cu:0.01 [%]. Ni: o.ozé[%]
AHART, o, D F £ 1 5 [*CIEH). 50 [CI(EELE)
FHART, o DIBHERE 9.4 [°C] 5

MEle FRALEDIEER/ZEZ  8.9[C]
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@ HIF MR fiz *ﬁ% “ 3

vV BREFE(SESNTER)
- ERBEEHERAVVFLAWO K iR

BiReREE(20) [N %R REE (1~ 5% EIhA)

—--L/2%10-1.25 - 515

25 -/ 2a=

10 15 5 | 0 1 :
2a/TX 10004 ! 2a/TX 100

@B v it 4

v @REEBHTNDERN. RESER)
. EIWEE%#E%W:VFLAW@&M%%

SR ERER REBREE (a/T=0.03)

|=
DB g opoe
L
ok
D G oE04
4.08-04
20604 %
0.0E=00
20 6.0 10.0 INFINITY

TADHRL
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v %%%ﬁ%ﬁ&tﬁi@iﬁ%ﬁﬁ@TW@F

:ﬂﬁlﬁ

TWCEF [/ry] TW CE

283E—08 9.20E-09 1.09E-08 128E 10 4.70E-09 2.54E-12 1.45E-09 1.68E-10 5.48E-08

0.00E+00 0.00E+00 1.22E 4.68E-09 1.65E-12 1.40E-09 2.79E-11 6.24E-09

0.00E+00 0.00E+00 0.00E;+00 1.67E-13 0.00E+00 4.43E-14 0.00E+00 2.11E-13

9.20E-09 1.09E-08 5.60é—12 1.79E-11 4.52E-13 1.13E-11 1.29E-10 4.86E-08
0.00E+00 0.00E+00 3.32é—13 3.08E-12 1.91E-13 3.45E-11 1.11E-11 5.74E-11
0.00E+00 0.00E+00 5.69Ei—16 9.74E-15 2.52E-13 5.98E-15 5.20E-14 3.20E-13

IS 0.00E+00 0.00E+00 0.00E+00 0.00E;+00 477E-15 4.53E-20 4.97E-14 4.75E-18 5.44E-14

@ HFFWEETH iz *ﬁ% g2 6
4.0E-06 W*B%%""éﬁﬂu . %A E R
= 13E-06 YT SBLOCA 2.83E-08 51.6 2.03E-06 57.3
2, 20E06 aLslocA LBLOCA 9.20E-09 {68  125E-06 353
S 1seos BSBLOCA MSLB  1.09E-08 199 2.34E-07 es
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______________ oopwo M|
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2.3 FRK 28 FFEE DR D E &

PASCAL @ B & #% B LISk D 24 5% 55 17 B HHEMED F T PASCAL OfFHEMEMR 21T 9
H%MALEE@WLW@J%ﬁ%b\77/FDE/%ﬁ%%mLto%%%®CH&UCW¢>
EICRERERNBAONTEN, TOERIFRERLZEAZHLNIL, ZRDOOHAZEIET S Z &
T, FHERID 4 FCL } V4 TWCF ORHTHE RIT 15% R ELINO#PH T Lz, HiZ, 20Ty
R B U fENT 28 U C PASCAL OFREMEORERE DRI, EYERIAEIT ] KO TEEYER AT T
EROZENIHIET 2ENET VT =4 A+ EB 2 Le, URICREMZREE 287,

FEAERIFRNT FUE R OENET VT — ¥ ORGEHFH (BUS T ORFIENEE, BRI 77)
v = a7 IVOEIEHDOIEE

PASCAL ® D FE5E

AT — 2 OIERE BT 5 72 OHERE DB N

ASERNEENERN

UEDHBZED T, WG RBICBW TR SN2 TORMBERICBE LT, $BRNEONE %
L, Y—2Aa3— FOWR, NEENTER KO EERRETFE R O 2 ENET
VT —F ] OFEFHEEEMT 5 &L b, —EIFdEE L TEFLELED WG 128\ T b BEt 21k
gy sZ L,
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3. Yk 29 AR O1F FEMERERS

3.1 [EHEMERERR O EhE N A

WAL E TO WG IZBWTIE, AR B I EEMEMRICET 2 EfEHE Z2IEL, £hEh
ME ORI L EHEMERDREMRZE L= Y, ZOF T, Y —RAa2— KL~V TOREHEMEIC
R OB HITHOIL TV D,

Rk 29 D WG Tl EARMBEE LT MEERMITERE ) RO TEEERIENT FIE K O
T 2 ENET VT —2 D) 1S, MERFORKE, PFM fEHT, TWCF HH £ To—#H O F A
IZ2OWT, WGBIMERIC L 2T v Fu B Uit & i L, £, S I LI B ITmat 217
o HHFRBE AR E L, MRt 7= OfRNT 2l U7z, B 2 0%, 7 IS CITERk 28 £ £ Th WG
THOLMNIC R o oM R Z B E 2 THUIZREERT A =X OMEEZRET D72 Ot 4 Fhi Lz,
Il L7 BRMEMGROIHBIZOWT, —HA2R 18 IT7RT, Zh b DEFMME %4 E L T, PASCAL4
DEAEMECHEBE O RBE R ORI, R im0 52 RIS [ 72 HR B B O B R RE O
B AIT T,

T, FEEERONEFHBITEEZET L L HIZ, WG A TEMEOER L RZ28HE5 L.,
B RERI DR L 7o AR R 2 6 LT,

#* 18 (EMERERR O S fiTH H
St HH H A
MEEVERMEATEGE ) MO TEEYERRIT FIE L O SRS 2 ERNET VT

FEARRE
AR — X WO T U Fu B U 2 i L. SHEBIORIRZ i LTz,
4 FHEBIIRE S AT & LB X DRE, b L IFHROH D REZRE L,

Tt 2 S L7z,

3.1.1 FEARRHE

SRR T, & BB T PASCAL4 OFEREMECBERE D MBS O, TEEMERARIT Z5H 5] K OY ThE
HERIRNT FIE R O EUSHET 2ENET VT —4 9 OR+-3 705 H O, ENET LT Z 2 K
IZ31F 2 TWCF OERMEOHIESEZ HHZ, MESIEORE. PFM fi#tT, TWCF & Ho—@E Okl
IZDOWT, WG ZIEBIC L 5T v v Fu B U iftr & 56 UTc, BRI RIEZ R 19 14, fifbT
FUEOFERIC OV TIE EERET FIE K OZUCHET 2ENET LT —& ) 2SR ENTZ0,
SR IE, BB DOTD 142 HTCHRRIZENETNAVT —F DA 7 7 A )V EFAE L T D,
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PASCAL-Manager DX E 7 7 A /L DA L& P
B C D
1.125 1.375
11
1.125 1.375
4wk a2c/aE ANT D
2 6
3

ITRAN=008_ISEQ=056

10

ITRAN=045_ISEQ=114

ITRAN=034_ISEQ=103

(51

a

1i

F30 WEESR 3 SUEE LI A—F & A /Ui D FCI KT TWCF
FEIE4EE | 0.1percentile | 1percentile | 5percentile| 50percentile| 95percentile | 99percentile | 99.9percentile | average
FCI 0 0 0 1.36E-14 4.79E-07 4.05E-06 2.47E-05 2.19E-07
TWCF 0 0 0 0 6.09E-11 5.20E-09 6.58E-07 4.01E-09
# 31 BAFEHEED FCI O TWCF
mean of FCI INEBTLOCA | K OCA | FESKEWMEMN total
base embe axial 3.07E-10 3.94E-09 8.41E-13 4.25E-09
base embe circ 2.77E-10 4.67E-09 1.55E-14 4.95E-09
base surf axial 0 0 0 0
base surf circ 3.06E-08 1.81E-07 C3.72E-11D 2.12E-07
weld embe axial 0 0 0 0
weld embe circ 6.32E-15 1.56E-13 0 1.63E-13
weld surf axial 0 0 0 0
weld surf circ 1.44E-13 1.63E-12 0 1.77E-12
total 3.12E-08 1.88E-07 3.80E-11 2.19E-07
mean of TWCF INEE B OCA %ﬁ&&ﬁl_OCA TR E RS total
base embe axial | C3.07E-10D | C 3.68E-09 8.41E-13 3.99E-09
base embe circ 1.76E-11 3.23E-16 1.22E-14 1.76E-11
base surf axial 0 0 0 0
base surf circ 2.81E-13 7.60E-19 C1.13E-12D 1.42E-12
weld embe axial 0 0 0 0
weld embe circ 2.15E-18 0 0 2.15E-18
weld surf axial 0 0 0 0
weld surf circ 7.75E-18 0 0 7.75E-18
total 3.24E-10 3.68E-09 1.99E-12 4.01E-09

(REELEERD : 1 BFR 29 43 31 7))
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AEEZHTLOCA 485
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200

29 K%M LOCA 48 .
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732 12 RED/S—1 o Z A )VERD FC1 LT TWCF [HAZ © /fF4E]
FEHE4EE | 0.1percentile | 1percentile | Spercentile | 50percentile | 95percentile | 99percentile | 99.9percentile | average
FCI 0 0 0 1.36E-14 4.79E-07 4.05E-06 2.47E-05 2.19E-07
TWCF 0 0 0 0 6.68E-11 5.68E-09 6.63E-07 4.04E-09

# 33 R BLFEIED D FCI KO TWCF Db [HAT « 4]

FERA s i 5 7] PN S R, 2 mean of FCI mean of TWCF
FEAR K 3.94E-09 3.68E-09
1/2 55 3.94E-09 3.72E-09

7% 34 PO BEEG A D FCIL LT TWCF OB D Feis [H7 : /fF4E]

average mean of FCI mean of TWCF
FEAR NI 2.19E-07 4.01E-09
12 53K 2.19E-07 4.04E-09
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F 36 MR BLFEIED D FCI KO TWCF OO Ll [BAAL « /4F4E]
BERA 0 il 7 ) PN S L2 mean of FCI mean of TWCF
FEAR L 3.94E-09 3.68E-09
1/4 533K 3.94E-09 3.72E-09
7237 JFLEIRE RO FCI e N TWCF O FERIE O Hels [HAAL : /4F4E]
average mean of FCI mean of TWCF
FA T 2.19E-07 4.01E-09
1/4 3% 2.19E-07 4.05E-09
WL S8 % 95 ) B EFRIAICZE B L 7= fiffT

KEEWT LOCA OIBEFERT — F (2O T, BT [ PN SR SO FRATIZ AV D B S 5 Bk
D 95 F D IS ITHERFREL DO ZALOMHERNME AR £ COMREZ: E 2l E 2 TEE L bl 5 R4 5

R LT 46 ;K THIB L, il 2 Sl L 7=,

ZEHRTOMREE & IS TEREI O BAR & 7% Lo R A R CHA TS 7 7 7 %2 X 31 12, EHZ DK
Z %X 3212, FRHTHE R B ORI TR & el L7 fE R A2 2 38 M B 40 1SR T, Wkl sidk 2 B
L7z Z LI R DTS RO BT R b ieinode, 7ok, FHEICE L7 ReEIE 1 K[E] 27 43 16 HCTh
>7z,

_95_




JAEA-Review 2020-011

AEEHTLOCA 9551

'c:'_l 90
E 80
4]
a 70
S 60
£ 50
40
pE
"R 30
1 20
a0
-R 0
.|,;_’:'1
0 50 100 150 200 250 300
mE [°C]
431 KA LOCA 95 s
e
KARHTLOCA 46 =
ST 90
E 80
©
a 70
= 60
£ 50
40
& 30
-K 20
13
o 1)
_R
E 0
0 50 100 150 200 250 300
mE [°C]
B4 32 FHEEVIC A AZEE (46 571)
38 RBEEZRD/N—T & A )EfED FCI LU TWCF [HAL @ /JF4FE]
1548 E | 0.1percentile | 1percentile | Spercentile | 50percentile | 95percentile | 99percentile | 99.9percentile | average
FCI 0 0 0 1.36E-14 4.79E-07 4.05E-06 2.47E-05 2.19E-07
TWCF 0 0 0 0 6.09E-11 5.20E-09 6.58E-07 4.01E-09
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FCI 0 0 0 1.36E-14 4.79E-07 4.05E-06 2.47E-05 2.19E-07
TWCF 0 0 0 0 6.09E-11 5.20E-09 6.58E-07 4.01E-09
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FCI 0 0 0 1.36E-14 4.79E-07 4.05E-06 2.47E-05 2.19E-07
TWCF 0 0 0 0 6.09E-11 5.20E-09 6.58E-07 4.01E-09
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FEIE5EE | 0.1percentile | 1percentile | 5percentile | 50percentile | 95percentile | 99percentile | 99.9percentile | average
FCI 0 0 0 1.36E-14 4.79E-07 4.05E-06 2.47E-05 2.19E-07
TWCF 0 0 0 0 6.09E-11 5.20E-09 6.58E-07 4.02E-09
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FE4E4EE | 0.1percentile | 1percentile | 5percentile | 50percentile | 95percentile | 99percentile | 99.9percentile | average
FCI 0 0 0 1.36E-14 4.79E-07 4.05E-06 2.47E-05 2.19E-07
TWCF 0 0 0 0 6.09E-11 5.20E-09 6.58E-07 4.01E-09
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