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Irradiation assisted stress corrosion cracking (IASCC) is known as a degradation
phenomenon that is caused by synergistic effects of neutron /gamma irradiation,
stress/strain and high temperature water on structural materials. It is important to
investigate stress corrosion cracking (SCC) and IASCC mechanisms from the
viewpoint of the safety and reliability improvement in the nuclear energy system. To
evaluate the influence of minor additional elements, heat treatment, cold working and
neutron fluence on TASCC behavior, a slow strain rate technique (SSRT) facility for
irradiated specimens has been developed and post irradiation examinations have been
conducted. Based on results obtained from the TASCC studies, discussion regarding
TASCC susceptibility, crack initiation and growth behaviors are described
comprehensively in this paper. The followings are summarized typical findings.

(1) 1 or 2 cracks of IASCC are introduced at 98—-99 % of maximum stress.

(2) The increase and decrease in crack growth rate are repeated alternately in the
process of crack growth.

(3) Although suppression of radiation hardening can be introduced with Si or Mo
addition, the suppression disappear with increasing in neutron fluence.

(4) Fracture mode changes from intergranular (IG) SCC to transgranular (TG) SCC
with increasing in hardness which is introduced with neutron radiation and /or cold

working.

Keywords: Irradiation Assisted Stress Corrosion Cracking, IASCC, Stress
Corrosion Cracking, SCC, IGSCC, TGSCC, Light Water Reactor, Austenitic
Stainless Steels, Slow Strain Rate Technique, Post Irradiation Examination
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Crack initiation and growth behavior based on stress-strain curve, fracture
surface and in-situ images in the TS material irradiated to a neutron
fluence of 1x1025 n/m?2

Crack initiation and growth behavior based on stress-strain curve, fracture
surface and in-situ images in the CW material irradiated to a neutron
fluence of 1x1025 n/m?2

Crack initiation and growth behavior based on stress-strain curve, fracture
surface and in-situ images in the SA material irradiated to a neutron
fluence of 1x1026 n/m?2

Crack initiation and growth behavior based on stress-strain curve, fracture
surface and in-situ images in the TS material irradiated to a neutron
fluence of 1x1026 n/m?2

Crack initiation and growth behavior based on stress-strain curve, fracture
surface and in-situ images in the CW material irradiated to a neutron
fluence of 1x1026 n/m?2

Schematic illustration of crack initiation and growth in type 304 SS
irradiated to a neutron fluence of 1x1026 n/m?

Comparison of fraction of IGSCC in irradiated type 304 SSs as a function of
neutron fluence

Comparison of fraction of IGSCC and TGSCC in irradiated type 304 SSs as
a function of neutron fluence

Comparison of fraction of IGSCC and TGSCC in irradiated type 304 SSs as
a function of yield strength

Schematic illustration of transition from IGSCC to TGSCC in the CW
material irradiated to a neutron fluence of 1x1026 n/m2

Schematic illustration of transition from IGSCC to TGSCC in the SA
material irradiated to a neutron fluence of 1x1026 n/m2

Summary of results and discussion of crack initiation and growth behavior

in SSRT of irradiated SSs
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Stress-strain curves in alloys without C in high purity alloys irradiated to a
neutron fluence of 3.5x1025 n/m?2

Stress-strain curves in alloys with C in high purity alloys irradiated to a
neutron fluence of 3.5x1025 n/m?2

Hardness in high purity type 304 and 316 alloys irradiated to a neutron
fluence of 3.5x1025 n/m?2

Direct and SEM examinations of HP304 irradiated to a neutron fluence of
3.5 x 1025 n/m2: (a) direct observation, (b) whole fracture surface, (c)
schematic drawing of (b), and (d) and (e) high magnification of (b)

Direct and SEM examinations of HP304/Si irradiated to a neutron fluence of
3.5 x 1025 n/m2: (a) direct observation, (b) whole fracture surface, (c)
schematic drawing of (b), and (d) and (e) high magnification of (b)

Direct and SEM examinations of HP304/P irradiated to a neutron fluence of
3.5x 1025 n/m2: (a) direct observation, (b) whole fracture surface, (c)
schematic drawing of (b), and (d) and (e) high magnification of (b)

Direct and SEM examinations of HP304/S irradiated to a neutron fluence of
3.5x 1025 n/m2: (a) direct observation, (b) whole fracture surface, (c)
schematic drawing of (b), and (d) and (e) high magnification of (b)

Direct and SEM examinations of HP304/C irradiated to a neutron fluence of
3.5x 1025 n/m2: (a) direct observation, (b) whole fracture surface, (c)
schematic drawing of (b), and (d) and (e) high magnification of (b)

Direct and SEM examinations of HP304/C/Ti irradiated to a neutron fluence
of 3.5x1025 n/m2: (a) direct observation, (b) whole fracture surface, (c)
schematic drawing of (b), and (d) and (e) high magnification of (b)

Direct and SEM examinations of HP304/All irradiated to a neutron fluence
of 3.5x1025 n/m2: (a) direct observation, (b) whole fracture surface, (c)
schematic drawing of (b), and (d) and (e) high magnification of (b)

Direct and SEM examinations of HP316 irradiated to a neutron fluence of
3.5x 1025 n/m2: (a) direct observation, (b) whole fracture surface, (c)
schematic drawing of (b), and (d) and (e) high magnification of (b)

Fraction of SCC in high purity type 304 and 316 alloys irradiated to a
neutron fluence of 3.5x1025 n/m?2

IGSCC and TGSCC area growth rate in high purity type 304 and 316 alloys
irradiated to a neutron fluence of 3.5x1025 n/m?2 as a function of hardness
SEM examination of gage length in high purity type 304 and 316 alloys

irradiated to neutron fluences of 6.7x1024 n/m2 and 3.5x1025 n/m2: (a) HP304,
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(b) HP304/Si, (c) HP304/P, (d) HP304/S, (e) HP304/C, (f) HP304/C/Ti, (g)
HP304/All, and (h) HP316

Stress-strain curves in irradiated HP304

Stress-strain curves in irradiated HP304/Si

Stress-strain curves in irradiated HP304/C

Stress-strain curves in irradiated HP316

Stress-strain curves in irradiated HP304/P

Stress-strain curves in irradiated HP304/S

Stress-strain curves in irradiated HP304/C/Ti

Stress-strain curves in irradiated HP304/All

Yield strength in high purity type 304 and 316 alloys irradiated to neutron
fluences of 6.7x1024 n/m? and 3.5x1025 n/m2

Fraction of SCC in high purity type 304 and 316 alloys irradiated to neutron
fluences of 6.7x1024 n/m2 and 3.5x1025 n/m?

Comparison of fraction of IGSCC in HP304 and HP304/Si alloys with
literature data as a function of silicon concentration

Comparison of total elongation in HP304 and HP304/Si alloys with
literature data as a function of neutron fluence

Comparison of fraction of IGSCC in HP304 and HP304/C alloys with
literature data as a function of carbon concentration

Comparison of fraction of TGSCC in HP304 and HP304/C alloys with
literature data as a function of maximum stress

Comparison of fraction of IGSCC in HP304 and HP316 alloys with literature
data as a function of molybdenum concentration

Comparison of total elongation in HP316 with literature data as a function
of silicon concentration

Comparison of fraction of IGSCC in HP304 and HP304/P alloys with
literature data as a function of silicon concentration

Comparison of fraction of IGSCC in HP304 and HP304/S alloys with
literature data as a function of sulfur concentration

Summary of results and discussion of effects of minor additional elements
on TASCC

Example of LVDT signals detected in specimen failure: (a) time to failure
from test start and (b) detail of failure detection

An example of SEM examination of specimens failed in the crack initiation

study: (a) failed gage length, (b) whole fracture surface, (¢) schematic
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illustration of (b), and (d) high magnification of IGSCC

Comparison of ratio of yield strength with literature data as a function of
time to failure

Comparison of fraction of IGSCC with literature data as a function of time
to failure

Comparison of fraction of IGSCC with literature data as a function of ratio
of yield strength

Examples of the crack growth rates measured on type 304L SS irradiated to
9.0x1025 n/m2 (E>1MeV): (a) crack growth data recorded under simulated
BWR and (b) PWR environments

Crack growth rates measured on irradiated materials in simulated BWR
(with ~6 ppm Oz at 280°C) and PWR (with 2-3 ppm Li and 1000-1200 ppm B
at 335°C) environments compared with NUREG-0313 curve

Comparison of crack growth rates with literature data as a function of yield
strength: (a) data obtained in simulated BWR (high DO concentration) and
(b) PWR environments (low DO and DH concentration)

Summary of results and discussion crack of initiation and crack growth

studies performed in the HBWR
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American Society of Testing Materials
Boiling Water Reactor
Charge-Coupled Device

Compact Tension

Cold Working

Direct Current Potential Drop method
Dissolved Hydrogen

Dissolved Oxygen

Environmental Assisted Cracking
Engineering Design Activities

Energy Dispersive X-ray spectroscopy

Heat Affected Zone

Halden Boiling Water Reactor
Hot Isostatic Pressing
Halden Reactor Project
Hydrogen Water Chemistry

Irradiation Assisted Stress Corrosion Cracking

Institute For Energy-technique
Intergranular Stress Corrosion Cracking
International Thermonuclear Experimental
Reactor

Japan Material Testing Reactor

Japan Research Reactor No.3 Modified
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Normal Water Chemistry

Organization for Economic Co-operation for
Development

Primary Loop Recirculation
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Pressurized Water Reactor

Primary Water Stress Corrosion Cracking

Radiation Induced Segregation

Solution Annealing

Stress Corrosion Cracking

Scanning Electron Microscope

Slow Strain Rate Technique
Transmission Electron Microscope
Transgranular Stress Corrosion Cracking
Thermal Sensitization

Uni-axial Constant Loading

Ultimate Tensile Strength

xvil

I K P 5 -

— RGR I BRI D
#l

FHE e 5 o {f A
EEREER LN (R i
VAN =% e
AR T B
1RO 0 L 5] R AR
2 it R - BR
RIS )6 s
BB i B AL B

HRL il 7 nf B

5l 5k S



This i1s a blank page.




JAEA-Review 2008-064

1.1 RO &

TSR A72 0V — B TN AR T, 2030 AT RO = 3L X —FFEIBIEDOR 1.5 1%
(2720 Z DD 50%IE B ARZFRST V7 Hllk T 50 5L RIS TS IL,2], B EITAEIRE
DD TRAFX—HIGRITDO TN A% THY, ZIUIRF 15O TH 16%[8lICLT T, ZDI%
EAEETAITTH S TODATIICE W T, RLX =12 D DIRTFEDK 50% THY, £ iHD AT EAF
BUIAY 40 45 RIRTATIIH 62 -, 772 TIEK 61 - THY, =X —DLEMIGOE N HH 57
IR BN DHHLITE VER RILTH D,

IHIT, AMZIICDOETDALAREI O R EIHE 1D ZFLIR R FE DR BN R ADOHE O
N LD HERIRBZALOETASOITHET ZEDIREIINTND, =R/LF — DR EMKG I L OMIER IR
WAL R OBLED AL REIO R E A RBS T 20 B35,

ZHITHL, SR BT AL REHTIKTE L 22N e DR EIBRICB W TUEE AL Wbk F#EE
PR T, EIAMNT 5D DB OFIE DV NSRFEICHER T D B ZENC KB E
EHAS AR TR LF — IR THY | =0/ — [ E HER IR AL RO BLE D DAL O Rt AT 72 58
B X2 DI=0 DI FBD—DThD, ZO7=8, 2002 4 6 HIZHAL, Mif TSI/ X —BUK
FARTEIZELE-3% 2003 4 10 A ICHEER E S ic = VX — ARG [4]o ¢k, (R EE4#%
LR BN EAT B & HEET D, 1L TS, F72, 20054 10 H BRI ESN 7 B
AR5 HTIE, 12030 4E LI HIRAFFETE S B 30~40%FRE L\ VD BAED K AED THLL Eofi

EIAZIR T NRENHIZLE BT 200 ThDH, | ELTD, 2006 4 5 A IZARINI-H-[H
F T FF —HRIE 61l TR T S EHEHE S LT TR T 3B A R IC b= 5 B IR & L Chr
EAFT, 2030 FFLAREIZIHWTH, BEE N EICSEDLHERE 30~40%REL L3224 BT, |

LR RH TS,

LU FHUCR IR ET T MOBEREITIZ LT, BUEDOIEATES BRI 5 O
SyIaZETIER RIS, — R L= 7 T e BRI 352812720 2R b7 70 b
R T DM EHC IR ELIE A DI L2725, Fig. LIICENOE 77 oA FtE 7R~
T, BEHIBRLED D 30 FFEARRM L7277 b S, 2008 4 1 A ORFAT 14 K THDHAY, 2015 i
1% 30 HAW2HZEID, 2O ERAFL LR 177 MO EMEO T EHLZBEIL T, &
RERF—IT LD 1996 I TEfFAIC BT 5 B ARB72E 2 7 | [T]I R &7, 2005 TR 7
TR B L BRI R DMLY 7T & 72 5 HUE . FREHE O MR LCEIC K D G EA R R OFE
D IHEICELTE D F LD I FEARBERIR P31 2R xR O F Iz o0 T [8] 43
AFRINTNWD, TOH T, IFNEREY), — RIS ERELE & ORI 2 Bk L xR 3~ & 4%
ELILFREL T, AT UL AHO IS 11E R EITU(SCC: Stress Corrosion Cracking), =7 VA4
DI I BB RS ESES 8 &8l TASCC: Irradiation Assisted Stress Corrosion
Cracking) 0351 IV TWD, BHIDOREMAGER DD, LT NRET T NORELLFEGD
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— DO Tdh% SCC BLVIASCC DEEIZAHEL , SCC KR ALORITHILITEETHD,

— 5 PEROE ) =X —REL TR G OB AR ST D, RS IXEAKFED:
Deuterium) & = H /K5 (T Tritium) 2 EHE L T, BEIRO 77X~ NIZE UiA® TEREG KOS
(D+T—Hetn) & &, ZO KIS DORTE OB BRI H TR LF —L L TEROHTHDOTHD, B
1E. BA BN S (BU), v 7 KEH, #E, PEBIOACRO 7 MRICEDE BB & FEHUE
(ITER: International Thermonuclear Experimental Reactor) DR T T ADHZ T2 2 ZE U
T BTV, Fig. 1.2 12 ITER OME% 53[0, ki /esrh, ITER T FHE B (EDA:
Engineering Design Activities) )3TV Cd0, BF—BED T Z2 4y NAMEEM L L TH— AT T AR A
TV AFDNEIRES I, KRG EI AT 2B SN C05([10] (Fig. 1.8 ), 55—BEX 7T X~ |Txtm)
L. ZB&OBEZ RN =T ORREZZ1T 52812720 TASCC ORAENREINTWS[11], =5l
. BAMEE 5 ENEMIP: Hot Isostatic Pressing) (2l ELET Lm0, £ ABUZLD SCC bk
BINTND,

AWFFETIEL, BLEDOXH72TE s Db LI, BKIF 36 LORZREGJF O E 222 R NS ISR B Ch oA — A
TFTARART VAN BT HEE BB G ThHD SCC BLWIASCC x5 L35, i ITHAT
LAGD TASCC (ZBIL Tl ZHETELOIIEN RS TED, P LL 4 Tidied| ToikiE %
FERICAREBN T DIZIT TR - TR ARWFFE Tl BULEL, I L, PEIIN TR FE O EHA F-25 &
ETEHORA - HERFH B IO IASCC B Eaiil~, ZORELBFT52LT, SCC BLW
TASCC #tE A O T 2720 O A a2 a B LT,

1.2 ks i,

1.2.1 7R ETTH
TREDRFFET T NI WM B IO H LU TRKOH R 2 & 160 JR1- 1 EH D7
BHIKDERMIT) ML TNDIEND, #BK4F (LWR: Light Water Reactor) FEIE 405, JBEEEF O B 1)
I3, JFINTT 235U O3 ROES S Z RS H72012 £ U7 il P -2 0l O J k% £ O 1
UL EE) TR L — 2D S| 235U O RITEAEO REWEATME T £ CIRURS 52 L TH D,
Fo WEM O B INE, BRI IV AECLEEIECIC D BRE | BRI aR 2 L TR A
BRI AESE ZOARKUILV Y —E U Z RS TENZ BT IETHD, BK 1E7J<(2H Ji
F- 2 & 160 JiF 1 A5 2K) Z0b B WUNET R AT REWEVD R ENRHLHDD | ZAfi Th
D AFEG MED B> TOTHIR OB 3 HE L L TOD &b s Trb[12]
BRI, BB KT E 47 (BWR: Boiling Water Reactor) &Il KA E 147 (PWR: Pressurized
Water Reactor)lZ KBS T, BWR BLO PWR O—fixf2t#i&E %, £ Fig. 1.4 BXO
Fig. 1.5 1Z77:97[12-14], BWR 1L, JE TR N THRA LT B KA EHEY — B Ak > TR ET HEEY A
INIFRERRALTEY, JTFENFLNITHN 7.2MPa ITRFFSNTERY, Z0fafiRETHS
559K (286°C) Kb A THEW MR DR DM LN G S D, ZOm AR L @il § 2Bk RIS
FOEVTUBIE AL, KRR EKD RS2 5[12], ZAUTkIL, PWR 1, PO CRAEL SR, &E

N
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DM EM Z R KT A AR ~IED | ZRRB B E L C o IRIGHM ~BE R 2 TRA LT R A S —
BV NIED MY A7V SRR E o TVD, TP E A 28 NI3HKT 15.6MPa [TINESLTRY ., ImEI
TR IR DA T C 563K GF 290°C), 10 1 THY 598K (K 325°C) THY | JF Ly TIF/KD D HAR
wMitfasnsli2l, Fo, KEIZEW TS BWR IZWEIKIZH L CURAIE L TERIAZRINL2O DI,
PWR [ HPE TR T DAY A IANL TR O SR EA BRI TVD, ZAUZED | AKE D3 EEMEAR~
BATT D20 REPIHSNDT A VRN K Z T T 572012, KLY F 7 L2 HIKIZ
whnecnaslisl,

1.2.2 SCC (2R3 2%k

AT NTTUNMTBITHAT L AHD SCC IE, 1966 HIZKEIZIWT BWR THS Dresden-1
DR 7GR % (PLR: Primary Loop Recirculation) Bl 0 612 0 304 8i%& DN I A
LT 2D05160 TIE &Nz [15-17], LI, FAE D BWR 772 MIBWTHik 4 & SCC 235
L&, 1970 F05 1980 SETHATNT T T MBI D 50% 2 TIH LTz, £ | %
EVE~OBREBLOEFE OPIRERES KT 5L L720[18], SCC IZBAT A5 KE /1 TH
Nz, TORER ATV ZHIZBT 5 SCC UL MEH I BELOBRED =R 7 HETHIETELD
PBERTHHZE, T72bb | RFEGH B 0.03%LL_ LOFA —ATFANAT UL AFHOVEHERI IS
UWNTIARERFO ABMZ XD | ST (HAZ: Heat Affected Zone) D5t i bt CrasCe %D Cr ALY
DT DL TREGERLIITEE IS Cr RZEDIERL . SHICHEHEIC LD 51 9RIG ) & @mimEKRE
WS T BEREEDMER T 228 THNDAALLZED L2, SCC DOikirTEREO A% Fig. 1.6 1ZR7,
R DR AL (IG: Intergranular) SCC EKiNFL(TG: Transgranular) SCC (2 KBTS, ki
R > TEINSHERLIZGE03 IGSCC(Fig. 1.6()Z M) THY | LR A{H O {7 - H )2 F
5467 TGSCC(Fig. 1.6(b)Z M) THH, TGSCC IESMFICEY, RO ST I kIG T HY /N —
NP =i b D, RERE T T SCC R MARTMEI THoTH, O B 104 [sFEE
DIEH D F| R EDHDVNIEO T HHE T > TH NEIEN AP EOIEE R MO FR P H T, Fig.
1.6(c) DIEM R [ 27~ 9" 2812725,

RO JFEERFEH O TEN S, SCC T T 2MHIR A TES I, MBS B L OBREED =K+ H
BLIRWISIZT 285D SCC S SRABRRESNI=[17,19], MBI HE TIX, REEH /N F22LT
Cr RALHAE R L 720 | BB LSRN [20] 2 &0 B IR FEHH EE 0.02%LL FICLIZIRIRFEAT
LA BIRE S 21], T TN ASILTD[22], KA O TR B OIS SR R SGE O8]
RIPG LY 2T RIZBW IV A= — Vo e —=0 7 L= — == VA i 2828
MBR T O 5% R I )% 5 RIS 10 D IEME IS ) ~ s s [28-27] | B 123\l BRSNS
NEEETTED SO BB DMK % OB IEO R IZLIS IR EZeE L T D
[26,28], BREEDHE TlL, JE TR KHIZEFL CODIBEHL, 3726 | IR R L > TAED
Zim bk E (HeO2) BRI N EE Th D, ZAUTREFTNTT I KO B KGEER 21TV, VA7 IR R
J£(DO: Dissolved Oxygen)% 0.2ppm LA FIZIE FEE5[29], HHVME, R FAFFAKF~KFIEAL
L7zB#E(HWC: Hydrogen Water Chemistry)Z{EY H 32 & CliAR MM LK R EKFE LS
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FEKASR T ZETRENDO BRI E C15([18,27,29],

ZNBD SCC HHIRA L 72IZh 2D 4R [EN D BWR OfF L3277 R L U PLR AlE
THAZN TODERFEAT VLA T, SCC MFAEL TW-ZEnHES T 5([17,30-33],
Fig. 1.71Z BWR OfF 1> 277 R [34] B L0 PLR El % [35] 027~ d-, FEZ BLOWUHR) B AF 1
TIAZE B R AR (- TR D EHE L 7= 7T ROV 7 A LA ORE R [36-45]0°5, IR FEA
TULV A A LT SCC T, BGE AR CUHIIN TICEOM B R H AL L CWA 2l TREET6E
D HAZ fCRAELTODIE BLOFEmE T TGSCC ELTHAL, 20, MENERTIGSCC LL
THERLTWDIEEN L, ZHABEX TRKRFEAT L ABO SCC RERENTHI46], &
NHDFERMNG | BGBAL LIZVMEIRFBAT L A TH - TH  BUE BRI DR BRI LA 5 R
NBIONERE, 7740 X I TSI KO SIVDRELIE DTF(EIZEY SCC AL LT EMHIBIL T,
Fo P LT 27U RBIONPLR I2B1T5 SCC OFEAIL, 5 BWR 770 hOB# =R OK T 2/
Dy, ZAVE I sl e E S R TR CThHIUT, ZOEFEMRILLR NG T T MBI CED LD
(2T DRV RO DB BRI HERFRUS O M BENEN RS BRI S N H Z L L 72 o7 [47], BARMIIZIE, 2003 4
10 ASYESNFTBERF LB TSI, [GE) A A2 SR T I3 s MRS
2002 FFIETHR JSME S NA1-2002 ) [48]4 3 Fe A E OB FEHEL UGl S 472, 7288, MERFBUR I
KM, FHM, AHE - BUED 3 SO FEHENORERR IV TIV[49,50], B IBIT D024
P2 I RF SR 2 720 IV B iLD,

1.2.3 TASCC IZBI3 5% A

bk T-BREHC L > TAELD SCC LT, TASCC AL TS, IASCC Al &=k
1960 1D THY ., 304 AT L AFHEIDOPREHEEE O 1G e L TR 20> T 5[51,52], Zdbx
ITRIFUC Cr BRALH O HHABIZR ST, W £ CO R SIS L~V R A BMRIC L AH DL &S
TCWD, ZALEABE, 1976 -0 Hk 1A L4 —=0 1978 EDFlfHERIEE D LO7p AT L L AFICES
WTH TASCC DR OMDIINT 70T, T FHEE MRS — AR, Bl 570 M B
HTHY RO TISWSTARTR TH-oT2, PWR IZBWTH, 316 A7 UL AHHID Ny 7 VT p—~
FIVNZEBWTIG EBHE S, B KB E TR LK EREE T TASCC 25 ZEN RS
72[53], ITAETIL, 2006 4EIZ[END BWR O 7 =0 MRELHIEEIC 115 TASCC 12X 0 UEIho
Wit [balb /e,

Fig. 1.8 12 SCC £ TASCC DK 112 7 2 &K% | Fig. 1.9 IZ IASCC (22 2[R 1- O
a1z hrd, IASCC i HE AL > T Bt O E B L OEHER L L, BER bk 5E
HIICHETHELFED EEBMEMT52LT SCC IEZ MM EFT5LE 25 TD, MBS 1
SN E | T OIXCEHUICIORE 7R TR0 - 22 LA U D L b I BV — 7 B E
%o BRIV — T TN DT ROEEBOFEE L2570 | BRI 1, B RIREORINE M OO T,
b, R LA SRl D,

Fig. 1.10 (2 RGN LD B 7 a7eiiiE [51] 3 L ORI E O 21 L55] D Fil %7~ 9, Fiz,
BRI L0 4 U7z SRR B 03B LR 2 0 O T B I I S D 2 & oo FR A 7 L AT (RIS:
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Radiation Induced Segregation) [53,56]/34:05Z 812725, Fig. 1.11 (2 RIS O #il%~:4[51,57],
RIS 13, WHEHIRFORAT T4 HER FIZEHZED3 00> TR, A7 L AFTIIRAETHS Fe
DR K&EV (oversize) il THD Cr, Mn, Mo DIEE TR R TR L., /W (undersize) i
T CTohDH NI, Si, PILEMESILD, ZAUL, 3 T-RUR 7238835551213, undersize JiU 1~ &8
TDEARERERR L, — KL TR EA~BEN T 572012, BT undersize Ji1-(Si, P)23RAES
NAHZEIZED, ZHUTIN A, ZE LRI SR BT 255 I ZIXEOK 7R 7 LA IE A Ha 2 L bt e 7
D | LR D /NS W R (NDIZRLFUT IR AR L SEBOHEE O R EWEA-(Cr, Fe)lIR AN HiES 1352
LTl D, ZAUL A —r R — VR EFFIEIL T V5 (56,57, ZOIDITRIS T Cr IBENMK T 528
TAT UL AHDOM BB T T5LE010, BB THD Si 0 P ORENHMNTHZ LIRS T
OB THZEITD,

ZNHOMIF T IREHIZ IV AT DG EL T, A7 (Swelling) )t IASCC (TS H LR B
TWD, ATV 7 I3 BRA P FHRIN A52T D & TR 2356 d s - R D E S TR 22 f LS
RSV, ZNDMERIL TRARZ AU D720 | MEHRIRDIRTENRA R DT 72T T 28R Th D,

HE - BT SIS S B R E T B L L CHRET VY — 7 | BRI LIS IR T s, iR A
B CIEMUN R D7) — 7 HEITE ) — T LRI ThH0 B ) — 7 DTN LSRR fEIkI 2 35 ) T
BRIV —T RAETDHZ LT/ D, ZHUTERAE DS R M W 52 CTER - O A xE LD L
28D, — 7 EENRE TR Z1T 5725812 I OB E LIS I 0B 35 F 40 U5
FLIS IR CH 560,611, ML BRALOEBNC L0 SR KL — 7 23R . BB KD EERELL
IRWE DI SNADZEN DD, ZIVERRALT o RV EREATEY | RIaHE E MR =D I T 5
FTHINCEE P LR, AR OETTENL T v o RN D B CTHEAT T AR B — AT THEIT 52810705,

ZDOIHNT, TASCC 1EHMET- HRENZPEIM RO a7l LR PR 38 L OV IR RE D 28l &
HZENSHMET- RS AR AR 2812725, Fig. 1.12 12 DO H%7~47[57,61], BWR B&Eid He %
HEALZRZWERBE(INWC: Normal Water Chemistry) 23U T, 8304 A7 L AGHClL 5x1024 n/m?
(E>1MeV)LL EC, 316 A7 L A8iliE 1x102 n/m? (E>1MeV)LL T IASCC [Ez A /RLTA,
PWR B2 COWRIM T L= 316 A7 L AFHICEHB W T, 2~3 x1025 n/m?2 (E>0.1MeV) LA ETIG
MEZ AR L TD, IGSCC B MK BREKAAEMEL A L THsY, Fig. 1.13 122D HE7R77[57,62],
BWR 8255123\ T, DO EE D IC L 720 IGSCC A2 MK T L(Fig. 1.13(@) 2 M), KFEEA
#179ZL 7T DO < 1ppb LA D IGSCC i HE TR T I D22 ENHWESNTNDI63], LoxL7znss,
9.14x10% n/m? (E>0.1MeV) £ THH &7z 304L A7 L Ao & 24tk Rk BRI\ ) ¢, HWC 25
THEAEREE DMK T LAV Z b shTnale4], —J7, PWR BEICEW QXA K EIRE
(DH: Dissolved Hydrogen)®H#ié 12 IGSCC & MBI 52 & A3 # i S T4 (Fig.
1.13(b) &), Zofth, IASCC EZMENBNDT-ODIENITH LEVERHLZEN LI TEY,
BWR E25iCl% 400MPa DL E[51], PWR B&8i Tl 600MPa LL_E[62]DBRIG FI B THDHZEN
IREILTND,
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1.3 AW B E

AT Tk 7= X, B EIC LN +% SCC, kT MRS Ick>TELS TASCC, KiRFEA
T UL AHNZ 351D SCCIZBIL TR IR RIS Eh 23 T 4L T 24U &4 SCCIZRIT5£< D
FNRDNEFESIL TS, LnLZedsn, SCC 1L DIRFNEH 3284 THY ., #5lZ TASCC (28T
X FET Ly BRSO BURBMER T 22800 OB R LU ELE KT 3K 2S5 LS
BTN, 20k, PEFIREICIOAE B D DFE B SRS LU DT R 2 L2 E L, B
DN K ORRER M IR E LD &2 72D,

1.1 Hi Tk ~ 7z Iz =L — [ S HERIR R AL RTEOBLRG | R B EITE e F—
RD—2>ThdH, 20T, EHR LU TOKEEA LR T BRE TOAT LA D SCC FitE IO
TASCC R KIFFTHFER T O BEA LN THIEE, LT LRV FAITICh EE K
EHL BAKFEZICDET DA ST AT 2O LM B I OMEEMER EOBLROLED CTEETH
%o ABFFETIL, MEHA T2 IASCC DFEA: - R I KIF T 2B LN IASCC B2 PRI KT
FRICE A BT, LUFOHE B ZFHE 5284 B Y& L TERMLT,

D) ARRFERATUL RGO SCC Bt~ KIE 3 HIP Q35

i) FRHEAT LA E1TS TASCC O in-situ BRI C LD &S5 A - o R 25 E)
i) FREHEAT UL ARICE1TD TASCC A2 MEA~ KT U n s O 5 2

iv)  FHETIRHE T TOAT UL AIZETS TASCC OB A 35 LUV R 26 8)

1.4 KiHSCORERENE

AL, 5 1 EMPDHE 8 BIZKVAEMSIL TS, 8 1 B3 Fam., o 2 BILsB7iE, & 3 JidA
— AT T ANMHO SCC B M ZIFE T HIP #2512 X8, 55 4 1 in-situ BIEHEEEE A 351
IR ONT Bl B 5| 5 BR (SSRT: Slow Strain Rate Technique)Z&E@& DOBR3E ., 5 5 #1X SSRT H1 o
in-situ B152125% IASCC D2 A - HERZEF B O, 25 6 Tk IASCC B KIZTIRINTHE
DFBORM, % 7 TIXHh T I T35 IASCC OXZRAR L OMEREB O, 5 8 #iX
WAE, ORERLE LTz, BLTRICA EOBIR AL,

B 1RETIE, AFEOE . BEER. R EEEIC OV TR~ T, BHEEGEEICER 35 SCC.
HPE 7B Z > TAE LA TASCC. (R RFEAT UL AHICE1T5 SCC L. Bk D L7 S BBREEICE
WTIGSCC AL @R HHITNE S AR D F/2% SCC THY, AR &L TKEEHLZ
JLFTIBREE COAT UL AHHO B ORIRETH D, Z D78, JJ 1 1B EE COAT L A5l0d SCC FifE
FBLOIASCC HEICRIFT B O BELZ LM THILL, T AT 20 %Mk LOME iENE
M EOBLENDEETHHI LA IR,

2 BT ABFFEORER LI OWT, BEERAT, BT, BRI LU TBRIcRIL
TEED TR,

% 3 F Tk, HIP Az kvl xin/= 316LIN)-1G A7 L A DA EROfEEME B LUV SCC &K

i67
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MR KIE T HIP OB OW TR LSRR A LV EL T, BEZEFTO5RREROFE R 5, HIP
BAM ORI — 2 L F% ThH L2 R Uz, miR/AKHTo SSRT OfE RS, HIP #2464
D SCC EEZMENFBOHLNRNZE | BROGBALBVLELZ1T 72 HIP #2664 Tidd 372 TGSCC
A2 MDD BT, HIP Ji T TGSCC DR AT DL o7-, HIP #4513 316LIN)-IG
AT L AGD SCC EZMA M| G R IR TSR LI,

5 4 TR, Ay MABRER ISR E LT E=RR B R D SSRT FEEDBHFEL | in-situ BIERDOHERER
Bl TRl KR TITo 75 BRRBRIC DWW TED ELD 7=, SSRT i IZI%, A% RERA L 2025
FEHE TR ATV, EORBRIFFICBWTLEL TT — 2R BIFRIHE CThHEEDIZ, By MEANT
DEFRIEEICHE G T 28O LRA LT, REFH O 561K TOR|HRAERIZIV VT in-situ 81
BRATO, BB OE DN ESE TOMBEABIE PR THLZ AR,

95 5 T, R IREE AT L AR D TASCC @ SSRT 2RI A& A5 AL - MOV TR
FILTRE RA LD FED T, 55 4 TR LM% SSRT #iE 4 /e in-situ #£3)°5, SSRT 1245
FHEGE AT AKIGE IO 98~99% R THHZ L, FHOBAKIT 1 F01E 2 A Tho7-2L,
TASCC 3% 1247 5 [ L BVLERA T3 42 IGSCC, B ki TI1X IGSCC & TGSCC DIRAE
U7, 6 I T4 T IGSCC 75 TGSCC ~ TGSCC A SIEMER i ~HEE L RENERB T 5L,
PR OFRAFWIE AL, 8, BN EDINT U ARG R D ZE TN D TG BN DOIE e~ LB
THZe, SRMERRHIIE, BRI ORI LD 22 AITIR LR O R T L2 L AR LT,

95 6 T, EE 304 R A4 TO IASCC (2RI AMETMITRE DO FEBIZ OV TR LT HE R4
EVFEEDT, TR EOBINEEHIZ, BRI B L ONIGSCC MR ITIIN T 528, ISk %
i35 Si & Mo O RS F 3.5x1025n/m2 TIXIH R L7=Z&, C NG 4 Tliasle Hib @
FRAHIE{L AR L IGSCC 28 TGSCC ~ERB 52L&, P ORI O ERINCENGAINTELT
0.02%FE ETORME THIUL IGSCC kAP ST DL, S ORI TOM &M T
SH TASCC s MEAHINEEHZ L, Ti OFRIMNIE TASCC B2 IS RE IR EL LTSN a2 R L
77

55 T BT, PR T CO TASCC DEZIE AT BT 3 r B D5 B & & SO i B |2 M0
TIPERARIL IS L ORI T DEEBZ DOV THRET LT R A LD F &7, ERFEAERBROFERMNG | ik
W AT SRR 1 IS BT S AL T RRIRIS TN T 2 E 1T 78~93% ThHZ &, k%D IGSCC fi
i 5R1% 12~38% THHZ &, AR T DRSS LN 612 IGSCC M 2RI 5284 R LI,
BWR X0 PWR HHEEREE F COSZIERBR ORI 0, SEEREE S LR L 12k
INF DI DIERAREARAFNE 2 R 28 MBI RIS A LB I T DM &2~ LT,

5 8 BTIX, AMFIEDFER ALV ELDT-,
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Fig. 1.1 Number of nuclear power plants in Japan as a function of years after operation start
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Fig. 1.2 Construction of the ITER[9]
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Fig. 1.3 Construction of the blanket module in the ITER[11]
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Fig. 1.4 Schematic drawings of BWR: (a) construction in a reactor pressure vessel[12] and (b)

construction of water flow[13]
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Fig. 1.5 Schematic drawings of PWR: (a) construction in a reactor pressure vessel[14] and (b)

construction of water flow[13]
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Fig. 1.6 Fracture surfaces of typical fracture mode: (a) IGSCC, (b) TGSCC and (c) dimple

fracture
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Y IS5 Nk o TRMOU Y ST
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Fig. 1.7 Initiation portions of SCC in low carbon SSs in BWRs: (a) core shroud[34] and(b) PLR
pipes[35]
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SCC: Stress Corrosion Cracking
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IASCC: Irradiation Assisted Stress Corrosion Cracking

Fig. 1.8 Schematic drawings of factors on (a) SCC and (b) IASCC
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Q
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Sn ) Crack tip
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Op0 during IASCC
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‘ Radiation-induced changes in

Grain reactor water chemistry
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of Alloying and Impurity Elements dislocation loops
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Radiation-Induced Changes
in Grain Boundary Composition

Fig. 1.9 Schematic drawing mechanistic issues believed to influence crack advance during on
IASCC of austenitic SSs[51]
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Fig. 1.10 Neutron fluence dependencies of micro structures and mechanical properties in
type 304 and 316 SSs: (a) loop density and average loop diameter of
dislocation[51] and (b) 0.2% yield stress and total elongation[55]
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Fig. 1.11 Examples of RIS: (a) typical segregation profiles at grain boundaries induced by

neutron irradiation [57] and (b) decreasing in Cr concentration with fast neutron

fluence[51]
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Fig. 1.12 Neutron fluence dependencies of IASCC susceptibility: (a) simulated BWR

environments[57] and (b) simulated PWR environments[62]
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ig. 1.13 DO and DH dependencies of IASCC susceptibility: (a) DO dependencies under

simulated BWR environments[57] and (b) DH dependencies under simulated PWR

environments[62]



JAEA-Review 2008-064

%2 % HEM B LSBT A

2.1 AT

KETIE, H 3 B~ 7 ZORBRITH O EHZ OW TR <5, ARF5E T L4 BHE, ITER
DT Ty 316 A7 VAR, TR 304 A7 L A8, Sl 304 RILV 316 Ry
EBRIOETTUMEIAT L AR BITED, IASCC 722175354 TASCC A3 1 FREH I
KT HBLTHLIEND, MEHIRIL TR TR 24T 2 e B L 72D, ZO%4A | SRBRA RN
T U750 & IR v 7 U ZE T L, B IF IR CHRPE RS 21TV B AR S S B |
RS v 7RV B RIRL TR SRR AITOSE L. BT T MW THIE T RF 2272 DO b
TE W R OB S 23k BR H TR I T U TR % B AT OB A LICRELS DL
CED, MBI TR A 52 1T 5 L EI TS UG RIS Z4EUHMIC, R TRZHPE 703
s, v)RINEOBEEICIEFED BSHERIN TR N ERK T D, Bl2IE, A —ATFANEE
{beFTED—>ThD Co X, BERNLAREL TIFET S 59Co 15, 52Co(n, v )80Co DZIHIZEY 60Co
ZHUD, 60Co IXHRY y BRAHHL . ZOHHE 5.27 LR\ DIZHGHE AT VL A B\ T
Z OB A3 E B E B DR Ch D, T D78, T HBREE T 3286 Iz >\ T, Co
DERBEK TSI bOEERTLO8 RN THD, BE%RERZT T I BRIF N TS+
TN ERET B LIS B W Th | R R A R S CIE AU RE ORI - i IS KL OV
BEDOBREDTZDIZ, KF I T IVINET1~37 HRRERE T2, HEMEHEOBREA > TbRHE
FEDFRAFL TNDT2D | Z D% DRI 7R/ IRK, SO /01T, BB TV T by v s
FRIEIND, 2 70— D DV N T80 55 D S B O BEIREE ) O S OB TR SN XKENIZEB W T,
=7 —F—HDWNINA T L DR R BRAETITONE DR DD, ZD728 | B~ DB OO 17T
DEGME, Ry MV N TOIGYER BT ERSE R CTORBR TR TIEZE T 02N HIH T
BAL T, IASCC WHEDRER TR CITIEE T AU ENAELLZ LIS,

LU, S offi B /Y ALk, ZULBEES KOV U SRS 12DV TR R 5,

2.1.1 BERAEE7 7o i 316 27 L A 4il65]
(1) EHER

ITER EDA (28T, H—8E /Wi 7 ry MNRICA—AT F A4 AT 2 L ABAREIR S T,
316L(N) ITER #%(316L(N)-IG: 316L(N)-ITER Grade) A7 L AFHIMEMF ELESILTND, BH—
BE T Ty MY 2 — VO BE B CIE, $EG TR SHERE RO S0 HIP TIENE /)
THDHH, HIP TREHOABUZI DB AED SCC B2 D FHBIOEIR TOEAREMEDK A
B aEn5, 316LIN)-IG A7 L ASI IR R CH D720, iK1 TO SCC RS ML IEF 12K
LEZBND, TNES, it SCCHED B4F72 316 HAT L AP T | BRELK F O JE BN RO KITLY
SCC #%4:9 566,674 0, HIP #4574 SCC &2 I RIF T BB LU A 2 MEE IG5
7ediz, HIP #4G L7z 316LIN)-1IG A7 L Adi &l L7,
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(2) MR LOHIP T2

AWFETREH L 316LIN)-IG A7 L AO[LF#E A Table 2.1 (2777, KBS 400mm, 1§
300mm BLOES 40mm D 2 KD 316LIN)-1G AT L A A EA L BVILEL . K LTz, Sk
Fe 1 2 AR CRIEE 0. 7Tpm) I Z KOBSIRATFBE L | A7 1 2% iR S HCRCE L7, HIP T2% Fig. 2.1 1OR
T, 316LIN)-1G A7 L AFR D JE % 304 A7 L AFHO M CHH A, IRE 873K T 1 FEf D HE.Z2
H1(< 1.33x104 Pa) THEMV% , IRE 1023K., 1) 150MPa D7 /L= A7 AHC 2 Wi | 25 5§ KIIC
INELT-, HIP TREFOIRE B I OVE ) EREE Fig. 2.2 IR,

(3) #ABrH
Fig. 2.3 2B i OB %27~ T, HIP TREARRDHM 135 AN & i L C HIP JLERIR FE D2
LER% 1 [B153#D 28272728 HIP $2 6 LIS BBk i AT HIP 25 % & ikbi i ks

FOVHIP #4545 & F2 Vil B 28I 528,12, iﬂﬂﬁi)%%ﬁiﬁ%ﬁﬁ’ﬂ’@%bf:(ﬁg. 2.3 ),
INHORER FAZ i, HIP #4545, HIP 2G84 B L O A &35, 3R A TR A T
F&7.62mm, 1F 1.52mm BELOWRE 0.76mm 4 T 550 NP S | R T (Fig. 2.4 2D IO
VAT S 24mm BLOEL 4mm O ALER G| 5ERAER F (Fig. 2.5 )L,

2.1.2 T THIRMEE 304 27 L 24f[68]
(1) EHER

A —ATFANAT LU AEHD TASCC @ SSRT (281 HEZ A4 - il R 22 Eh % in-situ 812395729
(2, TEEATHIRME 304 A7 L ASERER T EL TR, 304 A7 L AFITAIH OB KR IR
THEEBIEASN T =ZEITNZ, 316 AT L A b~ Tt &R LN SCC PEMEL, IASCC
AT LEWHRMET RS &Y 316 A7 UL ABIOKI 43S T0DI57], 77205 IASCC Z7Rd7
DO BG I AEL 732 TASCC B AR U235 G O RSB BN, Fe, B kAL
BRI R L7258 100 T OREE L2 RPMRIRFEAT L A LS RS ND, i
SOZEND, TEMTIKIE 304 A7 L Afi% TASCC @ SSRT (28175 in-situ B LT,
(2) AARRF LU L & N T ALE

Table 2.2 33X Table 2.3 IZHiliGHlE 304 27 L AFHDAV F % %7173, Table 2.2 3 ID: 1A
BELOA04 ORFEHT 1323K, 30 DB EULEE 21T > 72, Table 2.3 (2777 304 A7 L AHHIZ
BUWTIE, 1373K, 60 MO EAELEULEE(SA: Solution Annealing)#417->7- SA 4., &L EVL
H%1Z 1023K T 100 47[#+ 773K T 24 RO ZGUE L ALH(TS: Thermal Sensitization)z fiti L 7=
TS # ., BL OB EEVLELIZ 20%D A EINTT.(CW: Cold Working)Z1T-7- CW #&L7=,
(3) #hE

SSRT #£i&E D in-situ Bl O MEREMERBRIZIW T Fig. 2.5 1R UM RS i B LU
B OSATEOMANC /T2 H A LT Fig. 2.6 (3 PG IERER T E LT, /T OEAX, i
Wiz fRE ST inmsitu BIEAEFEITATHIZEE HINEL TS, B CTo SSRT (235155 in-situ
BIZ T, Fig. 2.7 IR TR [RBR Fr & LT,
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(4) H 7 TR St

B 2 R 7 U2 AT L MPEERBRF (JMTR: Japan Materials Testing Reactor) D4
k(323 K) TR LT, Fig. 2.8 12 JMTR MU U —F—H% v 72 L Of 273, B B EUT
69 HBL 708 A TH-oTz, EdFIET 7L A%, £NEN 1.0x102 n/m2 (E > 1 MeV)BLW
1.0x1026 n/m? (E > 1 MeV) &FHfiS 4Lz,

7285, JMTR IXERHI 7 50MW,, $8/K 7 ENGHE O3 23 [E ME— DAL B BUR BB ThHD |
Fx 7R VIRSTER I C B T D 7 7o 7 Al 1x1016~2x1018 n/m2s ThH[69],

2.1.3 miflE 304 KRIBLUV 316 HE4[70]
(1) EHER

F—=ATFARAT L 2D TASCC BIZEIZB VT, BT TN CHERASH COBM BB ER B
R TR TERATH A LT 238k A TU T B % BRIt T2 54 L3 d D, W
b TR BMESNDZ 80132, JIS SORRIEZ B2 NINCTELODOEKDTLHENT
VA BTEENTEY, i % OFT#HEN IASCC I IETHELALNITHZLITREETHS, AWFZET
X, BINoTHELELT Si P S, C.Ti. Mo OZNZENDOEELZHILNIT DI, X—RERD
Fe-Cr-Ni &4% THBE CaME L TERL, 22IC8 e 2 BB KO A& TIRINL 72, Fig.
2.9 IZZNBEMES DY =77 —IRIEM 2011251 DML E AL =T,

Si BEIOP 1T, KLFURHT DM 2380, @i kic &Y Huey 35T Coriou #ER CTO & &3
N EFIHZL[71], MgCle A 1> SCC RBRICEBW T, 2wt% Ll B Si 13 EIhgz AR 85
DIZKIL, P IZERURSZ A E LB DT ERHRE SN TWD[72-74], EVERLA O Ru & fHEEH
TOBEREETIL, Si BEIW P &H BEOBINCIVR YR BIRSNBE KT HIL0VRSINTNDB[T75],
SUS316L {ZH W TEMLIRIZLD P ORI FURITIS LT 4V IR P ALE W ORI RN ECT2 55
SCC =ZLEREEZIMITDHEE 2O TNBIT76], Zhbd s, TASCC 12B1T5 Si BLWN P
DL TN T 572010, TNENHEIM TN,

S 1. MHEMEAAR TS5 B ORIITRATL O3 < IREUENE, B S O MBI LA £ D520
HMOENTWD, JR TR RZRMO SSRT (24T, S \mOBANNI AL, Wk RO F oS 2tk
JBEOHE MBS HRESINTB[77], — 7, MgCle iE i+ @ SCC #BACIT 0.1wt%ETD SOEHF T
HIUTEN THHESIINTND[T72], 2728, IASCC ~D S DFEE LN T D=0 RNz,

C I3, B, s, SCC Sz, KRB Ak, A —2T A N2k, Laves FHORLFHT H i [71]
S5 RO ORI C RSB RIZTIe R THIN EWHERFOABUCLY Cr AL DSHE SRR
FrHid528T SCC ZRASELILEIHHL TV, ZHUTHL, MgCl #iEH o SCC BT,
0.15wt%LL o> C OUINT SCC =MD E LWME Fo3giiE s Tiv[72], IASCC ~D C D%
2 s Yt oY e’y | | Byl

Ti BN, EE DT RRI ST 316 AT L 2N BAFRTN AT 7 e AR 3~ 2 LN i &
NTW5[78], £, Cr L C EOEFI /12358 Ti & C BD 5 {E L EORMT 524 T TiC #ritii s
LTIy S, Cr (RALITERA B 135 321 RAT VL AN FE LS T 5[79], Zivbnz e
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15, IASCC 2815 Ti OB B DHT-012, C+TLIRMELTZ,

Mo ORINCED | M EPEFS L O SCC M S 52 8[21,22]3 81610 THY | EF T hOSA LY
277K PLR /& L LT 316L. 316NG(Nuclear Grade) 27 > L AFH)ME FH S CuD, LLZRND,
L 316 8 Th - TS LALEE T4 U2 Laves FHICKOE A E ST 52055711, #
% 42%MgCle FiRH > SCC #BRTIE, Mo ITHFIIVRZMEEZELMSE L0 HE (72,74 B L0
SUS316 » SCC E&HIME1E SUS304 IR TEH LR EL 2D LD E[801b D, ZD7=8, Mo DZhHE:
I HZEELT,

(2) FARRBL OB

EHLE 304 B L8316 ZA D FMAE Table 2.4 (27”7, ZNHDA 4T 50kg B28 5 8 I
AR CYRR LT 1% B iR WM T 282G LTz, K EEOMNERT, X—AE&LRD05
M 304 Kiwa HP304 LU, TAUTHINLIZ i ziBRLL TV D, Mo iIfIIE 4% HP316 LFFFRL
T %, Table 2.5 (IR BMLEREE T 30 0 PRFFik . KT DT L THEEMLAEAT 72, 7256, 2
AUHOEMLERIE FE 1T Sk ASTM4 & 5iRE CThoD,

(3) #Br

Fig. 2.5 |ZR T ATHERR 4mm BLOATHES 24mm O ARG | ERER R L LTz, i1
(ZEDAECHFHE U R A RIS 572D I3 S/ NV OB Fr S ELWAY Ay VN TOERR
BAEMLIR T 95720 HAREOREIDVLETHLEEBIZ, T EETHZET SSRT OfERD
(ML B2 o7, £, TARRGER H 1B\ T SCC DEJERIFEA R ESND =y IO BRI
T 2720 IR A L LT,

(4) 7 BRE St

B 2 BRE v 7 U3 AT L S BAFSE 3 B4F(JRR-3M: Japan Research Reactor No.3
Modified)iZF T, 543 £20K DO~ AHAHF TG L 7=, Fig. 2.10 (Z JRR-3M FRE FH & — & —l|
AR SHR EE S % v 72 A OB 2R, BRETHIFIE 23819 FF# ChoTo, I BOT VT 2E
=X =M DI RART AN =G | @l M7 VA, 8.5x10%n/m2 (E > 1MeV) LiF
fli&iiz,

725, JRR-3M (I KEUE T 20MW ., (R 7 B AKGE D H 7 — VAL [81 O FESF THY | %
X 7R VISR IS BT B TP 7 Ty 7 AT 1~2x1018 n/m2s Th D,

2.1.4 FETTUMERAT L ZH[82-87]
(1) EHER

AMEHI LT F 7 rY =7 MHRP: OECD Halden Reactor Project) (233 T, ei@iAERD —
DLLTT27eb D THSD, HRP 13/ 00 = — EEO =3 LF —H i 72 T IFE: Institute For
Energy-technique) 3 FTA 35/ VL7 @bl /KA Bk F(HBWR: Halden Boiling Water Reactor)
Z RN TEREE A B RIS IIF 702 32 L COBD EBR LR 7 0y = 7 T o, HBWR OHWEF7 557 A
[T — 70 CT~1x1017 n/m2s LIFARIKDFVET-7 Ty 7 AWM ORI FEIR I L~ TR Z 5
IASCC OLEWREIZET HETON—RGHEZ HBWR IZBWTITHZEITR WV IR I A 2L | JE
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BRI TDD, 2D BT TR THEASNIMEIOOE | LEWREZ X5 HET RS %2
AT TR AR S U TINLL PN TO RS R A1T > T\ D,
(2) B

EHERRBUH L C, T TR THRET SN2 316NG, 347, 304L 35K 00 304 A7 L A filipnay
X772 (CT: Compact Tension)iklif i 2 ERIL 7=, %380 O~ K2 2% Table 2.6 12777,
Fig. 2.11 {29 2912, CT #RB& /i (3hE. W = 16mm. #JE. B = 5mm THY, V- AR7 —T7% il
ZNEIN 5%, ARt 10%ZEAL TEY, AIME., Betr = 4.47Tmm &L TW5, ERENZ(DCPD:
Direct Current Potential DropiEIZ LW E A ERAE=H2) 7T 572D DG HHREO BT 3428
ThHHIEND, CT BT IZITZE D7D arm extensions 23 E72%, arm extensions OHWfF 1S
TAFLERT TV OY T DIARIEFLTBY, 372 RESOV T THLHY & arm
extensions Z & e CT i i OE2EAMEMOOLIERL(Fig. 2.11@)Z M), +o7a KRESBnHr
T NDOEETEL CT 3R OV AL N D B BRE A DVERL TR H/ERL 72 arm extensions
ZEAE — AEHBRICIVEE L T A ([Fig. 2.11(b)Z H), BN TIZ K0 EATRIT L BIF721% . KK
HIZHEWT, 9 TEREY CT B ITEA LT, 97 TEREAFMEITIE NIERFBEE K =
12MPavm, 5 /7, R= Kmin/Kmax = 0.1 BEOVEM$ 22Hz LL72, WEAT 2=y b~D CT RBR
JEER %, arm extensions RIZEZLERE=FV 7 HOESMHEL T, 1 XIOEFMRE 2 KO EEH
ANy MR LT,

EEE AR L LT, AV = —7 D Barseback JR1- 713 &EFT 1 51T 8x102n/m? (E >1MeV)
FCHRBSNIZHIEET L —RE 0 304L 271 A4l 30 AN 5ERER i (Fig. 2.12 2#R)%
TERL T, AMEtO -7 L2 23, BWR SIS O I FF RIS 9720 D TH D, 4
/NGHEERER A TR A TE R S 4mm, PATHNE RS lmm ThDH, UNREREH T 288 Thild,
AT DM AR~ TERD H O DDA BN L A0 D2 b, AP AL E IR A3k T
FTHETFHIL TG,

(3) HETHRSS St

CT &R F 36 JLOMU NG [ ERBR i 245 4 OFRER S+ 7 /L EERTL . HBWR (236U THRES T ke
17572, HBWR (CH1T DG T =4t o BN O —Fl%4 Fig. 2.13 (T~ 7, ARRLIZLIIC
HBWR OHHET-7 5 7 23 ORI FEST L~ TR 12 3R T O i & 12 KD 7 — 257 —
PREHRE T T Z& THUE 7 BN &2 IS TV D, 7 —AZ—BREHRICITR MY 7 2 AW D e T,
~3-4 x 1017 n/m2s (E > IMeV)DOH 17T 97 2 =2 % AL T 5, 3Bk B IS T, 7 —AH
—REHEE O VR GRER Y+ 7 2L BRI 2 ELE 52812k, — 2 ORBF v 72/ T
TASCC ZEE~KIETHF T 7Ty AD R i I AL AT RETH S,

FR T R 20 77 L I 3OK BRES IR i | 2 e S CTas D L #kBR B IS CTo P AR K BREE A A
BARELL TWD, SRERMF v 72Tl SRERICKIETRER T OR B LG+ 2720,
553K T BWR #45 L 7= & {l.(~6ppm O2) I UNEITL(~2ppm H)EEE, 3L 608K T PWR %45
&L 72(2-3ppm Li, 1000-1200 ppm B X 0~2.6ppm Ho)Bihi T2 RilBA £l 7=, &
FAERERCIL, 523-563K., ~5ppm Oz © BWR SR EE T2\ CalRa FEf L7z,
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723 HBWR 13 KEVHE ) 256MW., A EIKIEE 513K, JFNJE S 3.33MPa O B /KR Hl o R
FHRBRIF [88] TH D,

2.2 RERTE

2.2.1 SliEaER

316LIN)-IG A7 L Az T, =ILRT: Room Temperature), 423K, 473K, 523K BI O
573K NEZEHI(< 1.3x102 Pa) T, O A8 1x104st CH |9k ERZ FhE L7,

in-situ Bl 226 REfT SSRT %% HEMERRRREBRE L T, RIS &2 2 51 3RRBR T in-situ #1£2
% DO 2% :8ppm, 561K O @i /K THEIMEL 72, 7rA Ny R#HE X 0.04~0.432mm/min &L7-,

2.2.2 KOF HH LS| R

ROT A E 5| R IX, SCC IZfFEINIBRE R E N(EAC: Environmental Assisted
Cracking) 3l 3 2aBa{EDO—>THY, SSRT DAt Slow Extension Rate Technique(SERT),
Constant Extension Rate Technique(CERT) &6 FEIEFL TV 5[89,90], MR/ D IS0 BREREEIZE
WC, D TOT IR EZ/NSKL TSR Th D, OT AL L TE, KREM BB =
(ASTM : American Society of Testing Materials)[911iZ8\ T, — %1 104~107s1 &L, &5
(ZNENGEEELT 107~108s1 Z7RL TV, OF A EZ/NSST DT LTI B RICE DM O
HIRFF 2 &KL TRt ABRLIL COMRMEOIR F 2835 (2L T IGSCC B M2 7T L TV D,

316L(IN)-IG A7 L AHIZBIL Tik, SSRT B L URIHI G4 £+ 5-L 72 SSRT % DO £/ : 20ppm.,
423K BL U 513K Dl /K P CHEMLIZ, OF ZEE L, ZHZH 1x106s1 BL TV 2-10x107s1 &L
7=, HIP St To IGSCC REZ A MSEL7201T, 2 TORBAITH L, B2 (<4x104Pa)lZ
W, 1033K, 100 FefElOSUEALHSLIRE L 7=, BRFIZRAFZ AT 5L SSRT (CB W TR IS4
ANZENZRIH S 27201 BB AT 22 T7 7 AL — /L TEldr, SHIZED kb 316 A7 LA
B T o7 (Fig. 2.14 2 ),

T 304 27 L AGH, @l 304 FRBLU 316 FAEITHVTIL, 9.0MPa, 561K DF
/K TO SSRT % i L7z, O i E X 1.7x107 s1 L, DO 1T Sppm(A 1) —E L7259
FAEL 72, SBRKOFEEHIT 3x102m3/h £L7-,

2.2.3 in-situ Bz

SSRT & FATL T inssitu B2 E i 5596 . E/ME ChHLA — ML —7 OBIERICIOHT B
Te 7 7 AT B 2@ LT T o7z, B PATIO R RN D2 A 210 HEIFED CCD I AZIZEVH
BIOICHREE T HLEBICA & 10GB ON—RT fAZIZFR LTz, R AT AOMRGE T FEDT V4V
UERIZED | 0.016mm Ak Bl \IRE CTdh D, in-situ BlEE T T HICHT-0, AHEREL A 35414
SSRT 4EEDBAFEZAT> T, FHIBHFRER N LV ENOLOFEMA SR 4 HIZFLRL TWD,
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2.2.4 BAMEBEEIE

HIP R O#H#AEEMEAT D721, Bl F AT AT S | TSR, BTy T
7w U O RBMETBI 21T o7, SRR % B LY SSRT % 0akBi v Ofifif , AT L OER 4
O CT 3Bk Jr o &Gk i & A T T B #E(SEM: Scanning Electron Microscope) (2 X581 23%
1To72, SSRT #4773k Fr O _EiZ SCC 3FBD LA 12X, UKD IGSCC ik H 5
WX TGSCC ik 2 R LT,

A
%IGSCC = —2¢ x 100
A (1)

%TGSCC = Arg X 100
A (2
%IGSCC: 1GSCC Mm% (%)

%TGSCC: TGSCC filiiE = (%)

A Wi Ol O FE (mm?)
Are: IGSCC D mfE (mm?2)
Are: TGSCC DEfE (mm?2)

2.2.5 =ZLHEEHER([82-85,87]

SEERAERIT, BWR £7213 PWR 24 L7 s s BRIz n T, CT R A IcE & B A 7
LI EAZ AN L, IASCC DEREZESELILOTHS, ZDkE, CT T D arm extension
(CEOA T 7= EiiiAR D CT BRI ZUEN A JH B35 LI E A L(Fig. 2.11 1), 2tk
JBIZEBIRHBEDOELEARE T HIL T, SEGER A LA A L TE=F—FTDIEN A REL /2D, TR
HEREFEAH CT Bk ~Off E AR L, IR O M E AR TGO J) SO E 14 R RO RE IS
ThHr\m—RE BT 7o AN 2=y MZEV TOiLD, FAPLDO R —XNERIZELNToA~T Y
DA AZFOMESI, Re—XREiET 528108, I a A CIER SO B IO FHTH7z CT
ARERT ~ERER EA AL Q0D WEAN 2=y NI, BREBRATNIH AL, S REHEEOKIEEH % O
A=y MIAT T ICBRICEE S D, BSTRRBRP | B B E/ I THIR LM EDO L HH— 4% CT
BRI L AR LTz, MK EZ 1 H 240 1, 2 21X 3 [, 2>> R = 0.5, 0.6 £721% 0.7 T
LTz, ZDEEDBRFNHHARMETOMMEIL, ~500 s EL7-, ISR A[92lic v E HL
77

k() 1)

K :  ISHyEREE (MPavm)

F:  #BA~0AfE (N)

Betr : RBAOFMEE (m)

W HBAIE (m)

a: fif B OALED HER S ETORE(m)

3
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FGir)-

2+-2—
((1_ %)_ (0.886+4.64 (1-)-1332( ) +14.72(15)-56 (1) )
(4)

DCPD I215 CT #ERH O EESD T — 213, BT o7 TE=y—Sn, AT
— AR AP — N (TRLER S TOD, I TR, CT B A 2 EIL SR ER LU L
SEMICROBIEL, ZOXEESEIEELLT, DOPDIC K0 BHhF— S EL TV b, ST
JEVE, ERE SO 2L UG T DRI O 53 TERL TRO TV D, ZNDHDH5 I, TR 0%
E LT IEE I Ch 2L IR IR DAL A B Eff EAMEDIKUATE, KE DO I,
BLOXHESOEIMIA BRI B HLZLARPEL THRIHSN TN D, SHIZ, MR EEME
DT —Z 2l 572012, 3 SORHE, T7abb | JIERFHE > 100 FffHE, SREREE >
108mm/s FBIOEHEEOHS > 0.01mm 2%, THba e LIz SR REE D Az T — 5]
flfi FHIZERAL T,

2.2.6 =55 AA5R(82,83,86,87]

SEUR AR IZB I DR F ik oA T A v =2 T il E Fig. 2.15 1277, 1 DO EL=
v MTIE 2 O R A O u— X3 L ORI 2SN ORIE T B R A
(LVDT: Linear Variable Differential Transformer) 23EOfHFHI TS, FRE FalBRTIZ, ABR
MBFDOREARIETI(TI8MPa) D T6~97%\ZHH Y T2 51 9RIE fif B A~ 1 — XD EMFIC L > TRER A IZA
L7z, EMEICINZ T, EELATEQN B 1 FL R= 0.7) b—EME TR ICARm Lz, R o
WX, LVDT 502kl T, MR =y MERIRHIIE B E FORREZE X TH{ZLZ
o T, EFHDNI TEHORER iy OE B O DMEWT L= D& 1B RTHEE L T D,

30 ROWUNGI IR A &5 Te, 15 [HOM E =y M7 —AZ— By RO B T 3B v
TR LT, 2D 5, 9 HOME 2=y NI T —AZ— BNy R385 -7 T 7 AGEI

WZELE L, DO 6 O =y MIMEH T 7 7 7 AT B E LT,



JAEA-Review 2008-064

Table 2.1 Chemical compositions of type 316L(N)-IG SS (mass%)[65]

C Si Mn P S Ni Cr Mo
0.029 0.44 1.44 0.012 0.009 12.11 17.48 2.56
N Co Cu B Nb Ta Ti Fe
0.067 0.02 0.09 0.000003 <0.01 <0.005 <0.01 Bal.

Bal.: Balance

Table 2.2 Chemical compositions of type 304 SS used as a trial run for in-situ observation

(mass%)
Alloy- ID C Si Mn P S Ni Cr Mo A%
1A 0.051 0.52 1.51 0.021 | 0.002 | 10.19 | 18.40 0.01 0.006
A04 0.05 0.66 1.19 0.023 | 0.004 8.99 18.54
Alloy- ID Cu Al 0] N Ti Nb Co B Fe
1A <0.01 | <0.001 0.004 | 0.034 | 0.001 | 0.003 | 0.01 | <0.0001 | Bal.
A04 0.02 0.04 | 0.0001 | Bal.
Bal.: Balance

Table 2.3 Chemical compositions of type 304 SS used for in-situ observation during post
irradiation SSRT (mass%)[68]

C Si Mn P S Cr Ni Co N Fe
0.063 0.50 0.98 0.026 0.015 18.65 9.99 <0.01 0.036 Bal.
Bal.: Balance
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Table 2.4 Chemical compositions of high purity type 304 and 316 alloys (mass%)[70]

Alloy-ID C Si | Mn p S Cr Ni | Mo | Ti Al N Fe
HP304 0.003 | 0.01 | 1.36 | 0.001 | 0.0014 | 18.17 | 12.27 - 0.01 | 0.16 | 0.0014 | Bal.
HP304/Si 0.003 | 0.69 | 1.36 | 0.001 | 0.0014 | 18.01 | 12.24 - <0.01 | 0.10 | 0.0014 | Bal
HP304/P 0.006 | 0.03 | 1.40 | 0.017 | 0.0011 | 18.60 | 12.56 - 0.01 | 0.1 | 0.0016 | Bal.
HP304/S 0.002 | 0.03 | 1.41 | 0.001 | 0.0318 | 18.32 | 12.47 - 0.01 | 0.07 | 0.0012 | Bal.
HP304/C 0.098 | 0.03 | 1.39 | 0.001 | 0.0020 | 18.30 | 12.50 - <0.01 | 0.11 | 0.0016 | Bal
HP304/C/Ti | 0.099 | 0.03 | 1.39 | 0.001 | 0.0017 | 18.50 | 12.47 - 0.31 | 0.11 | 0.0018 | Bal.
HP304/All 0.107 | 0.72 | 1.41 | 0.019 | 0.0356 | 18.66 | 12.68 - 0.29 | 0.10 | 0.0026 | Bal.
HP316 0.004 | 0.02 | 1.40 | <0.001 | 0.001 | 17.21 | 13.50 | 2.50 | 0.01 | 0.10 | 0.0020 | Bal

Bal.: Balance

Table 2.5 Solution annealing conditions for high purity type 304 and 316 alloys[70]

Alloy-ID Solution annealing condition
HP304 1248 K x 30 min — WQ
HP304/S1 1248 K x 30 min — WQ
HP304/P 1273 Kx 30 min — WQ
HP304/S 1273 Kx 30 min — WQ
HP304/C 1323 Kx 30 min — WQ
HP304/C/Ti 1423 K x 30 min — WQ
HP304/All 1423 K x 30 min — WQ
HP316 1273 Kx 30 min — WQ

WQ: Water quench
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Table 2.6 Materials matrix in crack growth studies[82,83,85-87]

Neutron
. fluence ) )
Test type | Material (n/m? Source of material Test environment
E > 1MeV)
316NG 9.0 x 10% Specimen used in Previous
TASCC studies Simulated BWR
environment
347 1.5 x10% Wiirgassen NPP
Crack
growth .
Simulated BWR and
304L 9.0 x 102 Oskarshamn 2 NPP PWR environments
Simulated PWR
304 1.2 x 1026 Chooz A NPP environment
Crack . Simulated BWR
initiation 304L 8x1025 Barsebiack 1 NPP environment
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(1) Before process

400mm >|
300mm
Rolling direction
v -
40mm | A
& : ~
b PR
) Ploished surface
316LN-IG SS plates
(2) Canning
]
(J
7
~Z—
304 SS plates
Nozzle to vacuum pump
(3) HIPing

*}

=

i ‘ Isostatic Pressing

Fig. 2.1 HIP process in type 316L(N)-1G SS[65]
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800 |
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400 |

200 |
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<=
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2
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Fig. 2.2 Temperature and pressure histories in HIP process[65]
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{
\

HIPed SS 316LN-IG plates

(a) Rolling direction
HIPed joint specimens

vl

HIPed interface

80mm

HIP thermal cycled specimens

(b) Rolling direction

40mm
|
|
|
|

As-received spécimens
Fig. 2.3 Specimens preparation from HIPed plates and as-received plate: (a) specimens with
or without HIPed interface as a gage length and (b) specimens prepared from

<
N
‘u_a_ R3.95 1.82
_ ’
' 7.62

as-received plate[65]

Lo
H o :
v
0.76
3.81,| o >
< 25.4 »| [unit: mm]

Fig. 2.4 Geometry of miniature tensile specimen[65]
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Fig. 2.5 Geometry of round bar type tensile specimen[70]
—J '— 32
— == > ¢$5.6
R5.5 | - A M
O ==
L
] G
< > y L
< 60 > > <
[unit:mm]
Fig. 2.6 Geometry of notched tensile specimen
‘ $5.0
Y R5-5>/ T
\ \
v
===
Ie}
i 20 \ | .
< } v |
< 60 > > e
[unit:mm]

Fig. 2.7 Geometry of sheet type tensile specimen[68]
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Imens

| __SSRT spec

- mm]

[un

—_O s,y
—_ThmrRRGy
TRIRINRY SRRy
/ﬁ/////////////////////é

IR SRR R

$31.4

825

Fig. 2.8 Typical leaky capsule for the JMTR irradiation
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30 T T T T T T T T T
281~ ATHA—RATEA4 F

¥ hega b

M:I=ILTrdA b

HP304/CITi
HP304/C

%Ni+30X%C+0.5%X%Mn

Ni Yt =
— —_
= [ ]

! T

6 = O G0
|

TNT YA b

1 | | | 1 |
0 2 4 6 B B2 A I8 IR 20 22 24 T2 WY Siad 2 36 94 40

Cr 4 =%Cr+%Mo+15x%Si+0.5%X%Nb

Fig. 2.9 Phase stability of high purity type 304 and 316 alloys plotted on Schaeffler
diagram/[20]
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SSRT specimens

890

Y
¢_55[ [unit: mm]

Fig. 2.10 Typical capsule for the JRR-3M irradiation
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W BV
| ////////

A

Unirradiated

Potential Wires
Material

Irradiated
aterial

from irradiated material and (b) irradiated CT specimen with arm extension

Fig. 2.11 Geometry of CT specimens for crack growth studies: (a) entire specimen prepared
prepared from unirradiated material[82,85,87]
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Fig. 2.12 Geometry of miniature tensile specimen for crack initiation study[68]
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'*-HVV+-1ﬂﬁV~'*<:)-*-E%-;
Heater Regenerative Sampling
Heat Exchanger Point

Press

J Signal Cable

In—core

Test Section

| Test
Assembly

Data Base
Server

Gas Supply
for Loading

Fig. 2.13 Schematic illustration of typical configuration for the crack growth studies

performed in the HBWR[87]
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316 SS  Graphite-fiber wool

I = L:Y

:A¢4

55

< Ny,
<C dl

Fig. 2.14 Configuration of tensile specimen wrapped with graphite fiber wool[65]

Step A Step B Step C
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Fig. 2.15 Schematic illustration of on-line monitoring technique in the crack initiation study
on irradiated tensile specimens[82,83,86,87]
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AFETIE, HIP TIEICEVEA SNz 316LIN)-IG A7 L AFIZI51T 5 SCC B s JOMEA it
AV RIET HIP THEOEEICSWTHT S, HIP TiET, IE80E S O— R ThHY, @\ A TRE R
FOSHERE | BAfei @ et OR S aa 1L, ITER OF 8 g7 7 7y NHEY 22— 10
RUEHELLUTRAISN TS, —#%IZ HIP TIETES TOMEIORLR D 50~80%E THIRL . %
JEMEDFIC IS ST 5780 | MOIEHEEAELVBIRD OB A IREATRH T2 LN AIETH D,
AWFFEZ I 5 316LIN)-IG A7 L AOHEGIRIEIE 1023K THY, SCC 24U 5 Cr [RALWE AL
THREZE EEl>TWD, 207D #HESIRERFFZOMANBRIZIN T, SCC D LA BEIW
PO MO T AR ESND, [KRFE 316 ZAT L AHD SCC ESZMEITIER IRV ESNTWD
HOD KFDORMIZLHHEDH R, 613K T SCC 1285 316LIN)-IG A7 L AGHDHEHE DOH L
[66]F3 LT 373K 75 673K FTOIRE THEFRIRE 5ppm (21T DEAEIA(L 316 27 L A SCC

(R DIEMEIR O E[671HHHZED0 D, 316 AT LA TH - Th ., BRELA 1O, M2k
SCC ZR§ ZENnREIND,

HIP #4 L72 316LIN)-1G A7 L A8 D SCC &Sz i OB G ARG 572, BZ2hT
DB ERER B L OEIEA S TD SSRT #4757, SSRT IZB W Tid, A TAYZRBRE Off 512k SCC
FAENNHSNDEDOHE DD H[93] 2800, B SCC I KIT T REA T D70 3B PR H]
Kb aft 5L T T T,

3.2 BlERBRI IO SSRT 5 H[94]

Fig. 3.1 2% A 36 L O HIP #5644 0 HIP S O 4 @A R 05 R4~ 3, = Afvkr & HIP
BAME IR T 28 TS OB Z DL, HIP FLECO XM L OVHIP TARERFO LI
RLIR T2 X972 K &SRR D -7, Fig. 8.2 (2 HIP #2464 @ 423 K TO5[ERBRE X
N SSRT BRI L BI6 S — O F Al A 7~3, SCCIRZMEAA T HHEFCIE, SSRT (2RI AU
FIIERBRICEBITHENLOE /NS DN THHDIIKIL, BIERERFBL Y SSRT 128\ T,
50%LL EOMHUEIRL , BBROIES ) — OF BB FALIL T/, Fig. 3.3 1251 IRRBR % ORISR T
SEATE ORE Rz 7w, WA X HIP fm2 o 1mm PLEBEN TR, HIP #5523 T, ka3 A&
CTRELT, il bR b Tehote, Fig. 8.4 12 423K TO5ERERIS LU SSRT # Ok
Jr OB ORE RA R, SIRRBRIS LY SSRT 128V C, M O A0 B ZE ST, 423K T
7 SSRT 128 Th , HIP FLfi CREBNIZAE L T eioTz,

HIP #4644, HIP SUEEM B L0 ATICIE W T, 518K O @il K R CORRM G4 51T
SSRT #FEMiLT=, 7 T77 7 A7 — I EZBOFHIHZET, RS AR LT, HIP <o IGSCC
ENEZ NS E L7202, 2 TORBAITHL, HZEH(<4x104 Pa)iZds\ T, 1033K, 100 KF# D
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BBV A ML 7=, Fig. 3.5 [CBEISAETO SSRT TELNTZIE S — O F A iz R4, 51ER
Brt SSRT Of L #E T 5L, WTHOREB IS 30%LL EOMUERTLELIZ, SSRT D K513k
JEINEBIRRB COEN L% TH T, Fig. 3.6 BRI TO SSRT TORBRIRE L 2 OO
RETT, WTHIORBIRE BT, HIP #4644, HIP G285 LU0 AWM O &M ONTKE
7p7El 3 e IS 423K FEETIHIRE D EHEEHIC—RRIZAM OB L, 423K LA EDOIRET
E, WTNOIREIZIEN TS 50%FRED M ONERLTND, ZILbIT, ZIF AU E HIP #4563 £/
I3 HIP BB L O FITIZE A E E RN NI EE R TH O THD, S LEERE L= HIP #54 O
BRffSefE T SSRT #Ofkifi% Fig. 3.7 (-7, s AT i O & E8A D 500 p m FREEET
TGSCC AR ZIEA MR L, Z 10 RERE TITIEMERK E Th o7z, BREIZRT SSRT #17-
=2 TORB T IZHBWT, TGSCC M HRITHK 10~30%Th 7=, Fig. 3.8 (2RI SSRT
% OB AT OB RA R T, Fig. 3.8@ITRT I, BB T OFATEH DB BRI S £
HUENC 500 TG MBSz, LnLanss, BRIESM2 A 5 U= 5L o Wi < o 4 il
flgEcIx, HIP i€ TG Blhd g £ L Qe o7 (Fig. 3.8(b) 2 ),

3.3 HIP #A%?» SCC Eaz B LU 255

HIP 8258 O KRS 1EIG 718 LT 0.2%Il 7] % . Z 124 Fig. 3.9 38 XU Fig. 3.10 (Z3CHkfE[11]
L& BITRT, EIENS 428K BEFTIRRED EHEEBIT, e RBIEIGIE LN 0.2% 71 & $1Z
B U, 423K DL ETIHRE EFICHE S MAD RO U X 21/h S <720 | SCHE O IR EE AR AFE 0
fEm & L < —B Lz, — T, AA—ATFAMRAT ULV REIE, 0.2%Tii 1000 OV X U 6O & DR
PEE IR 420K FRE ETITRELHITHA L, 423~870K TR B FT6 4 D033 i T
INENFIE — B LR B A [88] 2R, ARFZEORE RIZhe—FH L T\b, —F, HIP #A LT
Cu/SS316L O RMEIZE N THRA RRRO LN E WV I HEND H[96], AMEHZI T 2B EAE
%45 (TEM: Transmission Electron Microscope)#i£2[65112 3\ Tid, HIP BEA BT DHRNL
B ITHEAI D DEM R & RAREICELS . A FERO LTV AR, HIP REIZBWVT,
MasCe i3 XL O HIP G RFORITLER E U THHE LT & & OBHEM T 5 7 v X T L Ok
A FZWDERE STV DI65], RFEEIK 0.030%LL LD AT L ZGHANREER) 723K LLEDEY
BRI S35 Z LI X0 | RIS 7 v A ERACMRLF- 30T L. K TOIR I ARTIZ LY IGSCC
EELRLTNZ ERHMOLNTNA[20], L LAaann, AMEORFESH &1L 0.029% TH Y | Cr
FRACIIRL T DT EILO U & 91272 < CRIERED Cr RZORE L DTN Th o7z EZ B
%, ¥£7-. liERERES L OSSRT (28T, HIP B4 E TOEOM 242 U 9%, SCHRE & 7%
DOEEWIIMEE 2R LT 2 & 0v b MasCe B 736 L UMWHEM KL 1203 & ThH VLA M 2
ZRIEE e T 5,

KA AA L (CL)DEE ppm TFAET D&, B hOARREFE L 328K FEEDIREIZB VT
SCC MHAETHZELITINFHN TS, Akashil98]1X7 T 7 7 A b0 — /L CRBR &2 @ Te Z & TR
FEEREL . AL FRISEBREL, ZOREE, SCC ZMET 5L TnD, ABFEIZIITHERKF D
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CliREIL 0.6 ppb THY, SCC DHIAZFER T HLEZHNETH -7, 513K D/KHFTORRMILF
SSRT TiE TGSCC LIEMERR IO H 25788 B, TGSCC DEZeHM D IGSCC M FEAET BT L1374,
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INBDOZEND, RFERE 0.030%A0H £ T FiF72 316LIN)-IG A7 L AGHZH\C, HIP #2613
BLERIRE S R <AV L D2 KOS TEAVER BRI St TRl L7852 38\ T TGSCC a3
IRTHOD, IGSCC EZMITRE T B E S N — AL FE [ 5 R T H O Th o7z, HIP #
A% 316LIN)-1G A7 LA D SCC A MEE T, A MK TSNS cE D,

3.4 wE=E

HIP TiElIckvilgEsnsz 316LIN)-IG 27 L A#fd SCC &z L OME SR MEIc KIF T
HIP TiEDOBZTHNT 5720, B2 CoR|RRBRB LR TO SSRT #%E ML=, Zih
DR DAL TSR AL TR T, Fig. 3.11 12 SCCIEAZMEB L OWEA I XIE 3 HIP T35

DEBEOFMITEIL TEEDT,

(1) HIP BAMIZRENS 573 K TOFERMEOIK TA2/RET, B o HIP F i TRt AU 7%
DaoTe, HIP #258 O 5| iR R I~ — 28l L [F 5 Tho 72,

(2) HIP 854D SCC A MEITIEFE IR 423K @ SSRT TIIEEH LI -T2,

(3) BB AT -T2 316LIN)-IG AT L AFIZIBNT, BRI S CRARIRINL 7= 523 K D&
BT, DFAens TGSCC BZMENRD O, L LAt HIP f i To TGSCC DFE
AT B OREIZREG 13 & A E DB Ch o T,

(4) HIP #4513 316LIN)-IG A7 L A4l SCC Bz A MW7, A2 K TS
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(a)

(b)

HIPed interface

Fig. 3.1 Direct observation at the HIPed interface: (a) the as-received and (b) the HIPed type
316L(N)-IG SS
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Fig. 3.2 Stress-strain curves in tensile test and SSRT at 423 K in the HIPed type 316L(N)-IG
SS

HIPed interface |

Fig. 3.3 Direct observation after tensile test at 423 K
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Fig. 3.4 SEM examination of fracture surface after tests: (a) tensile test at 423 K and (b) SSRT

at 423 K
600 .
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=3 -
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Fig. 3.5 Stress-strain curves in creviced SSRT
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Fig. 3.6 Temperature dependency of total elongation in the HIPed and the as-received type
316L(N)-IG SS

(a)

W: TGSCC [I: Ductile

Fig. 3.7 SEM examination of thermally sensitized HIPed specimen after creviced SSRT in
oxygenated (DO = 20 ppm) high purity water at 513 K: (a) whole fracture surface and
(b) schematic illustration of (a)
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(a)

HIPed interface

A WA o R e A 5

Fig. 3.8 TG cracks introduced at gage length with the HIPed joint after creviced SSRT in
oxygenated (DO = 20 ppm) high purity water at 513 K: (a) SEM and (b) direct

observation




JAEA-Review 2008-064

450 —— - & Base (entek) 4 s-HIP (entek)
[ O Base (CEA) m s-HIP (CEA)
F oA 8 Base, annl.1363K, 4hr (CEA) ¢ s-HIP (JAERI)
400 o As-received (this study) e s-HIP (this study)
I A
© [ a
o 350
=3 .
L AN
@ 300 g s
gl
%) I
o 250 i
2 ’ .
> [ e o
X 200 | a
N o« | ° 0
o i . 8 @
150 | . . 8
00 L e v v o LS
300 400 500 600 700 800

Test Temperature (K)

Fig. 3.9 Temperature dependency of 0.2% yield stress in the HIPed and the as-received type
316L(N)-1G SS[11]
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Fig. 3.10 Temperature dependency of maximum stress in the HIPed and the as-received type
316L(N)-IG SSl[11]
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Fig. 3.11 Summary of evaluation of SCC susceptibility and material integrity in the HIPed
316L(N)-IG SS
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% 4% in-situ BIEKREL A DI & SSRT il OB %
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AT VA SCC IR AR 5728 | I BREREE T TOAMD SCCHBRIENMTHIL TS, £
DHIHDO—27% SSRT THY, il @ EAKDIIRIF R FIZIBWT, OF Bl E 2D T/ha<LT
1195 KRB TH D, SSRT 1245 SCC MR T, 7R (2 SEM (X DM BIE 44TV N, AT
I 595 IGSCC OmifEF% kD T IASCC B MR-l T2 DR — i ThH D, Fi-, Nt
NTERDPFEALIZLOLEEL T, e KIGJTREO O A 5 (SCI: Strain at Crack Initiation) T
TASCC B2 MEA Rl 52 Eb A ST 5[98,99], SSRT 1 ik i E A R FF DI E I CTHhH AT
YU O A — L —T WIZBWTATO T2 | il IR T ORER i ORI e B B CHERE 2L
IXTER, ZD72, SSRT DIBFRIZE FNLHEHDOFEA R, Bl o7 —d D 283X SSRT IC
FOFONTIET) — OF 2 iR ERABR R ORI B 2355 R DHER 9528700 | SERDFEAELTRE R, X
HOFEERLL FEARFOIRBL I LONERIBFE 2 ERE AR T 50 1XREETH D, IASCC DEHDIE
A B R EEN A RIS T2 81E, TASCC D AN =R LE R T DB DT WA~AEE THD,

GG R AE A AREIC T D0 A — ML — T I AT 77 A T OB R 20T 528
(Z&D. ERE K T inssitu BIEE < ODTHI TS, JIATRD[100]13, 523K @ SSRT H10
BE 5 SCCARRRIREL J BB LT J ORIy LOMHBEZREM L 7=, K H5H[101]1%, BWR %4t
HELT-BRBE T O 9 S OB B OBIE 21T o7, 42l E Haruna H[102-1041i%, fifbda iR
7= 373~523K O @il i LK CD SSRT O in-situ 12375 & 200 %8 A R & 3BR TR O B4R
BROEZRIEAEHE ORfREZ RO, AH[10511%, Z@iikir o 561K T SSRT (28T in-situ
BEEITV, SR AEIRIT T KE DR BT L 72, Fukumura ©5[104]i%, PWR ZffE L 7B 52
HCo 600 & Ni E4E 304 A7 L AHD SSRT @ in-situ BlE241T 72, LML, ZIUHiE
ETEERMEHDWTEGBU AL P2 L TR ST 25 G e LT eI T in-situ 8l
ZITHON TR, TASCC @ in-situ BIE&1TOZL1E, FHETFIRETF OB A 2352 Lo
L., BB B RDSEE U BEZ i 75 X012 57012 B4R 3 imed CIR #1272 5, TASCC &
BHEILIZED SCC DEHRDIA - ERAET & L | SR AE~ R~ ELETOmEL B
BUCIVIEREICHERE T 2L EbIT, G — O B s B KO BLE RS R LA IR -2 2813,
IASCC O—J@DERIZE RN T D,

AREETIL, B OEIRAH SSRT #ERZA TV Ve 3 DB i R4 in-situ BlE824 L+ 5244 H
LU TRIEL . JRF DB O Ay kB PIZRR B LT, IR ERL> SSRT & O REIR LU,
in-situ BIEOMEREMEREAERE L T 561K DK TIT TR B O 5 [ 3EABRIZ L TR <5,
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4.2 FaEH% SSRT #EE O 11:kE[107,108]

4.2.1 ARHERK

in-situ BIEAHEREAZ AT D IR % SSRT 258 OMSAERL X% Fig. 4.1 13, BEFEAT L A%
ARG E L TWDHZEND, Ay Nk it 3% T b 2 BEFEW) 22 45 5k it i% (Waste Safety Testing
Facility, WASTEF)D 7y ML NICASE B 27 & LT=, sBR 7 2D O SR A I8l 3572912, Aok
B/WFEZ 1000~1100 mm D= 7Y —METHUFHINIAMEIE THLHLEHIZ, BUMEYE O RiIRA)
T2DIT, NERITERERITH L TR 24.6 Pa OAJEICHERFSIL, 15 [Bl/h OKRMTHITND,
WASTEF D7y /LN T SSRT 4EE DR E ROV B L OMIIE X% 221 Fig. 4.2 BIW
Fig. 4.3 \Z-7, Ay M WO ZEROF LTI OBLENG A — 7L —7 B IO | EER#TTZ No.2
BAORNVENS R TERIZRETDIEELED, BB OENBEID in-situ BIERFFICHIT 58
VEMERB L OMRZBMENME T4 5720 BEAREO L /T e VBEL DO SEAT 2R~ T-F . n—REL L
D EDEERK 197 KR IZEsS S BB 25 A — ML —7 O IEm 4 '/ 207 [ ~El )
SHLZETHRIEMEB LOMERRMEZ IR L CTD, Ay M VNIRRT 3 3Bk 24855 - 3B 54—
ML —7 | Bt TEGR, AR BIONEE TV F— R E LTz, Ay Me/VBENZ SRR K DN 8

T HLa 7Y —MESEPMEEL | BUNROIRT | BMZREDUKB R LD 7V — O bDE R
SNTZTeD | A= L —T Z @il LT KIZB A HAER B L OB HIZR I K0+ 02 B Tb eV EER
WIEDHZELELT, T, B Higy, TESRBLIOMHZRITELNOEXELEEDO FICHEL, v~ =71
— A —DVEELBIOEERFOHEBMEEZLEL WSO LU, Wi EEKMEG L — 7 13k MLy
DRy TAVL—ab—AOH 2 BEBIOVE B, EEOHER B L in-situ B2 H O
SR E T EE R E LT,

4.2.2 GliERBHEBI A — ML —7

Fig. 4.4 |2 SSRT #ED 5| iERBE B L O — ML —7 Ok &~ d, Fig. 4.5 1A —FML—7
DFEMARAB AR, AEE DR RARARIT 20kN, 702~y FHEHPHIX 107~10 mm/min T
HY | HIE T LT, D EHAEGE ST BB ) AR HIEI(SSRT H)FB RO ifif B L OENL
BEAHIBEARY A2 V5% 55788k S ATRETH 5, Fig. 4.6 BXW Fig. 4.7 24— L —7NTO I
AL LUV AL S ERBR F D35 K27~ T, SSRT 21TH9ZL&RHREL TWA20, 5IoERER N T
THHN IREEEFTH2LT CT RBRTICL A ZUERRBRE EM T 5L AT TH D, BT IC
I EERT AT Ny RIEA— ML —T7 2 HEL T0A7, B iE 7 ey R34 —kL —7 44
APRLUHSEDNERIE &2 TRt T HZ812725, ZOMUH LU ZME T 57212, JE I PR i
—NV—=TNOEI 5T 4—R 7L, T hayRaed — L —T7 N~ HLIAT ZE TR A HERFL
Tn5[107],

A —h7L—71% SUS316L A7 L AHiHL, N2 90 mm, X 270 mm O HE/LYRETHY, N
A EITK 0.00177 m3(1.77 VMW ThHD, femifl IR L 573K, femifli HE)1E 10MPa Th o,
Fig. 4.8 (A — L —T DI Ty F o — N ila s, RERMZRE A 2556, A — L —T 0y
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JEA R ORI Z T 28I, RAKERALIZG A ICIT R — 4 — B X ORR 7215 1L D
LLTWD,

A=~ —71% in-situ BIEHOEE —SHLTEY, BIEAIATEZHE AL, TOBIERAELT
SSRT HOFER i R 2B T DL AR/t i L7 > QD Fig. 4.9 12 in-situ IR B O EE R
¥, 573K DHifF KL 773K OBEGEHFAKFIZEBNTY 77 A7 Ot &N RAif Th o7 2 s
[110,111]FB LV 633K ORBEG S K H CTOY 7 7 A7 OitAEOfER 11 2] OGRS TS, 77 A
T OXHREHRIEIC B LTI, ARRY 7 74728 5x104Gy @ 60Co v HRIRHT 4 B (0B A 2 HERF L THRY.,
SRR AL TG THOEIIZLVAE G I A FTRE ThHHZEMRHE S T4 ([113], Zhbo
ZEMD, BRAKBEOy UK 2ROt E R D B T 7 7 47 (ALO) A BB OME L L
TEALU, BT 7747 OSHEIZAME 20mm, BE 160mm ThHhH, A LY 7747 OJRHrHix
1.760~1.768[114] THY, KK D 1.0 JVHKREL A= ML —T7 MUl LOFRER - K im OBLLEH AT hE
7o CD, BT il R D2 (1021 % [T 2720 LB A — D MnniTHoe
ELTWD, 7283, in-situ BIEAITHORVREBRICEW T, A7 L AR O ks VWb Z & T
TAT DFMEIERL TND,

4.2.3 BB LOGEER
in-situ BIERFOBIE B LURLEIEE OIS LOMESROSMIZ, Zh i Fig. 4.10 XU Fig.
4.11 |21, Ay eV NICERE S CCD(Charge-Coupled Device) 7 A2 J» TR ST {4
IRy AN DE=F— FIZFERL, Ry M AAOFEEIEE CRldk T 52 AT AL TV D, FBEHT
SSRT @ in-situ AW TL, FFR R T CTHhLEN D, LT OMEEZ A THZENNETHD,
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i) SSRT TRV VBN HZ 5720 FLiEE 1T H #2A( ~ — B L KRB 'O N —RT 4 X
IEFTHTLE,
i) BRI NRHL L2720 I ABIE5 LR — il LB E S Thins e,
iv) K&B., V7747 BRLOKBEZEL TH— L —7 NORB A ICESREHIZ L,
v) mnEOBIEBEBR AR T AT, mWEREREER 528,
ZOH  ABERBIOGREELLC, TVHL HF v A(7nAxa—7((FR)F—x= 28 VH-8000)%
R LT, AvAraRa—7 13 KE10GB DO/ —KT 427 210 J#i5£D CCD W AT B I NFA~—
BEREZ AL QWD b A7 var =YL T 7 BB LR R A — AL R B AL ATRE T D, 72
B, AYyMEANICRESN#ES IO T~ =7 — 2 —|Z L@ R ED flRE e KOl c & L7,
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4.2.4 ik EEKAEE L —7

R E KPS L — I E DK E L LT R ERE SSRT @ DA — L —T7 WAL EL TG
THIDOHEETHSH, BWR B5E FTO NWC 3L HWC &4 957212, DO 3550 DH
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IKEFRIEES L 7 BN THTE DB 22572 KR, BRIERAR —F0 7 77 LT +—7 — 7 — B )
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DERELT-,

KEHALRIZTANE— | AF MR B L ORI =2V 73 LR S LT D, RO
R RWEERET D720 DI Ty RTANE— B ONEFEA G AR T2 DA R
F0 . FRBUKITAR VEEZR(<10pS/m) ZAHERF L Chh | LS oK i KB RTE 2 7 ~REND,

4.3 MEnemeRd sl

B D in-situ BIEOMEREAFER 272012, il E KR ColERERZ T L7230 in-situ
BIEEAT ST, 12120 BM OV 77 A7 % RRFE SR EKICIRL TRLZEIZID 7 74T RH kL
BIERE IR T 35728, O A E% SSRT Kb Ev 3.83x105~3.0x104s 1 IZFREL TITo7,

Fig. 4.12 [CHULFERLS |93k i O iR /K FF 5 1 BRERBRD DA DAL EE - OV AR 38 LUV in-situ 8123
g%~ d, ZAUCED, miR KT8 RS i O LA RRFICHUS FTRE CTh D Z L3RR
e, B OBERITRAFZR IS NTAN, TIAMNREEDT D H NV EIT > TRY, FHIHBRE 0
BT ERIRIITHLL TBYT VAV O R E 2580 T D, Fig. 4.13 1Z=ER~561K~iE5rE

£ 15 S3iim % DA R~ 3, RER OGRS EHICRR A 258k T 22 & R EEL 700 | SSRT D JH7e3k
BRIGFIR) 78 R g A ] S35 8 TR BRI T S G O IS AN R #E L 70 5 Z LA ER &S D, BIHR 3L
FTHRED—2>LL T, BEHO AFHEARER AR OTZDIC A IS TN ZERFEIT B
%, Fig. 4.14 (24— ML —7 HO5 8RR T OEfg (7 V2 VAR 27/, Wi o OB AT
HOEE(Fig. 4.14 F O X)EATHES(Fig. 4.14 FO V)OI aRDDHE Y/IX=7.3 L722DIZxfL, E
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BRORER F TEARED LI ATIMOEE LR ED I 6 L7025, ZOTEND, Hifg i O AT ER BT 50D
WS 23 L HHE L CORNZ LD DD, B BIERF DA — L — 7 NORX% Fig. 4.15 (TR
7, Fig. 4.15@3 BB IRREBR T ZBIE L5 A THY, BLE D720 O NS o Jeif
ICORRATL BB BT 0 O Wi CIX A O BELOFRE NI 77 A7 2y R A~
RE L2 e 0D, Fig. 4. 15N ARG | 5RERER 7 D55 23, ARG 3R 7l
BB [ IREER T J0E L CO AR FEOBELN A U720 TedIZ, 77 A7y R~ &0
EWDOND, ZNHDZEND A =L —T N TORBRHF D in-situ BZ2IZIT R ORER 7 TR
WL TWD,

HARRL B BRRER A 31T HYERE R BR B L Ot 2 S E 2 AR S IERER i ComiRAK 5|
PRARBRIS L OV in-situ B2 % E ML 7=, MERERERRRBRIZR W TIE, RIBFOAL UL 2% B L LT
TS 561K TOIHUDS 60%FREE THY | M 23S Bl L2 SPHSN L7220 T L 2R T e 2Rk TR oD
A EBIET A0 BB A AT OmMALVE 1mm O /v F 528 AL, BEMEZ W TO in-situ
B CIIEEALIRE T HILITRDTZO I TITO08, BB LIZ KO OB 5728 &H
FE AR DV NI S B FE PSRN ZEN TSNS,

Fig. 4.16 &/ v F A PARA G 8EBR i o0 s iR K T 51 R BR ) S5 S v 7= B - OV R B L O
in-situ BIZEGERT, WA RICIBROERIE LD L FIBRICEREBROBMAD O T ETOR
B OMRILAEHE 2 TEY ., @R EEAKHIZIBWT inmsitu B0 [ RE THH I LD HETRI LT, fof B -{H
OB E in-situ BIER I O L) 5| 2N RO 80% L EANESHT 0.1mm /v FERIZEF LI,
IAVEZ A X DR TOMIAENIN T DI A BEE LTz, SHIDCEZH T 2L TEUT, KV
B A B LZ LN AIREE 0D E IAEND,

4.4 FEi=

AREFETIE, BEMOEEAT SSRT iBRE1T Ve 3Dk i £l % in-situ Blg24 K572
B L, ST FIE O N B e NI CR% i L7 e ERL > SSRT 2EE OREREL | in-situ B0
TeFRABRE LT, 561K DK TIT 75 ERBRIC OV TRk ~7-, SSRT (213, M4 R a 44
OENEE THHRIATO, BEVRBREEHEICB W TREL TT — 0BG A i ThHHELBIZ, By bt
NVNTORMEEEICE G T HENCELD TRERL 72, MEREMRRIREL T, RIBHM OREIRAT T
DOFHTEHBRIZIBUN T in-situ BIEEA TV ALEEZ VT 561K O/K T in-situ B ATHETHD
ZEEMERLTZ, Fig. 417 [IZRHH O in-situ BIEEHEREL 325 SSRT 2EE ORI ICEIL TEED T,
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Fig. 4.1 Configuration of a SSRT facility for irradiated specimen
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Fig. 4.3 Side view of the SSRT facility in a hot cell
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Fig. 4.4 Tensile test machine and an autoclave in the SSRT facility
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Fig. 4.5 The autoclave with a window for observation in the SSRT facility
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Fig. 4.6 Installation of round bar type tensile specimen in the autoclave
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Fig. 4.7 Installation of sheet type tensile specimen in the autoclave
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Fig. 4.9 Configuration of a window for in-situ observation in the SSRT facility
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Fig. 4.11 Facilities for in-situ observation: (a) a monitor and a recorder, and (b) an autoclave

and a CCD camera
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Fig. 4.12 Load-elongation curve and in-situ images in round bar type tensile specimen during
tensile test in water at 561 K
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Fig. 4.13 Change in gage length of round bar type tensile specimen in high temperature water
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Fig. 4.14 Ratio of gage length to diameter in an in-situ image and geometry of specimen
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Fig. 4.15 Schematic drawing of reflection in the autoclave during in-situ observation:

(a) round bar type tensile specimen and (b) sheet type tensile specimen
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Fig. 4.16 Load-elongation curve and in-situ images in notched tensile specimen during tensile
test in water at 561 K
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Fig. 4.17 Summary of SSRT facility development for in-situ observation of irradiated

materials
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F6E REFECHEERNOKOT HEERRICETHERIEA - ERED O M

5.1 =

ARETIH, JMTR 2B W THMETHRELZ 304 AT L AMO BB HRBERE, =
ALV LNIZ o7 SSRT 2B ITHE AR A - HEREE IS LV TASCC = I &IF
TEGLBALA IR BN TOREIZ OV T@wm T2, TNET, AT UL RO SCC &Mk
A3 572912 SSRT NELHE A SN TE23[89,90], # O FFAM 1Ak Wr IE [ & 2 U 1%
Wit D IGSCC BHE RICL > TITONDZ LN — KRB TH D,

SCC TIXHERHIM, SRR E SRER AR HOT B EARHLITHLLNDLT
SRS EKFTBLIOCRBRANOOFEBRHNBRE VTR EOMERHY K7 n 2%
- HEET 22N RETHD, Parkms[119]i THOWIR, HAE KE. AR, B
WCEDL—#HO Tt A% ZNEi STAGE 1 7»5 STAGE 4 FTIZXK AL TWAR, X
HOWBRWE THDH STAGE 1 ETORM AT 270D+ T7T Fn—F 2 RLTH
59, XHDOFELE STAGE 2 Uo7 nvRZEmEsETRTIETND

SRHOBRYMEFEAZHRIEL, BB THBET 2729 :\ﬁlﬁ%?ﬁ&;éb\i%%Tﬁmﬁ
i 7F i E(UCL: Uni-axial Constant Loading) F RICEDE B ARBRMNIEHIN T
W5, UCL FAOEZRHBEARBRIL, —EMELZRABRFICANZIIEOMELZRE T 57
W, ETTUMIEbIEWIL T — Uﬁ‘?ﬂk EZPEEL TWAHLEB XL TERY, AT I
Fa/NS<$252LT, SCC BNRALELG G, AR miE Tld, A EICIHA O T Ik
PEME B IC KD B ICHE T 222 EL CTITONDIBIERBRTHL, LLRS,
Katsura E[IZO]O)%%H WCEDRAERBRICENTH, 2R A 42 Kd 9 KM
L5 ARANRONHREETORM)IL, Lo 43 KORER 2BV Tk, 2000 B %28 2 5 B8R
B IC B W THMWr L7222y > 72, HBWR TO MRS T2 AW ER([82,87] Tk, &l /i
30 A 5 KOHZNBHWEL, 2055 4 A 6000 Rl # xR WREMZEL TS
JMTR O FTEEAERBR[121] X, B 6 KOILRWI L 4 A ITIENEME T
HY .2 KT 4000 FEE ORERFER THAW LR o 7z, BURM &2 Wi m 46 38R T ik
L7z 2 KEL DT s IGSCC fimé TGSCC mAE L7z, BRI 4% 230
R ] & VO BLWVRE] TIRT L Tnvie, 2O X912, ERBEARBRIIZHORBR A L RRFMIC
M SRR A E T A H, SCC 23R B 307l RHOBRWIM ., 54, EEIC
EDHEHRN 0 TiEZewn,

SSRT 1RO T HEE TIEH - THEIIERBRO - THY . W BB LOEAM O INE &
Ui pn#ET s, UCL BB L OET I UMRE COZAHOE A - EREFEE
TN —OFTHREEITWEIC LRV, TnEb, EHEFBAEL, BENOER, E
ELOHEBR A OB EL T rEREE LIl b, SHIT, in-situ BEIZEY, D —
HMOT7ov A% B CHEBETEXHZL1T,. IASCC O34 - ERFHZMA T 8000
BCThHD, 2O RKUFFETIEERD SSRT #% Ok m #1255 TIASCC @Zi‘i@aﬁﬂﬁ
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7207 T72<, SSRT IZX0ESNDIin )1 — O T B L in-situ BEOKE R 2R E T
HIET,. MR oOBA  EREBFBEZMRGFILT,

5.2 AT 304 AT L 28> SSRT & in-situ B2 f5 H#[122,123]

JMTR IZBWTHETRELELEMTHRMED 304 27 L 24O &K
SSRT OfER%Eik <%, Table 5.1 3L Table 5.2 IZHHFE 304 AT L RO
SSRT & in-situ B0 £ %2/~x7, Table 5.2 ‘:F'O)$i’i1€<p” JE O B 1T kAT kv sk
W7z,

P ESERERE (mm/sec)="F/THME(4mm)/ (XX AENSHEK ETOREM (sec))

ABFIETIL, T IA & 1x1025 n/m2 B K0 1x1026 n/m2 @ 2 FfHO 304 A7
VAR AE B EL THW TS ZEND, 1x1025 n/m2 & 1x1026 n/m2 IZKBIL Tk <5,

5.2.1 MRE & 1x1025 n/m2® 304 A7 2L AHH O W5 38 B s 1

Fig. 5.1 M ME & 1x1025 n/m2 ® 304 AT L A SA #,. TS #HBILW
CW #® 561K T» SSRT BT — 0T Az RT, 2hboRE DI SA
MP kb RERMOERL, CW Mrﬁwﬁt@%@f%mbf:o TS MiZMOBLORELLIC
R/ANTHoT, SAMIZEBW T, HUOBRKENTZOICEHORAE B2 in-situ Bl
ALY in-situ BLE T HILILTE ol

Fig. 5.2~Fig. 5.6 |Z SA# . TS MBI CW M Dk BR#% D48l 3 L O @8l 22 o
MRz RT, SAMO 2 FEHZE W TIE, K 50~90%D TGSCC &4E M i O IRAET 5
i L7252 (Fig. 5.2 BL O Fig. 5.3 )2t REAE T+ 457 TASCC #5R T
HPE B B L TV o 7o S L 72, TS M Tl 2 kb iiE2m IGSCC &7
-7 (Fig. 5.4 BLW Fig. 5.5 M), T L, SA M+ 07 TASCC E2 a2 RS/
MolzZeMnD, 20 IGSCC XIS L MBI K-> THELTEbD AR LD, CW # I
BWTIX, TGSCC(Fig. 5.6(e)Z M), EMHEMWMmE B LY TG Hh(Fig. 5.6(H) M) %@
L21L7, 20O TG HNIE TGSCC OFFETHDHI N —RE =2 BRmST | w3 L CEE
FrZH e FwAEL TV,

TS MEBEL CW H D in-situ Bl22I12LY 60 B TRELZBBGICAONIZHE
SOWONPOERLZEHEREELY Fig. 5.7 27T, kKIS EKRiE%Z. TS MK
850 4 THEWIIZE > TWVWDHDIZH L, CW #1THK 1750 mAELTW5DH, makEHX, &K
ﬁiﬁﬁ%Lﬁé FTITITE R R EE I REREALIT R0, 400~500 o aRkiEg, &4

o HU“@W(BZM% LTWAZEREBL TS,

5.2.2 WA 1x1026 n/m2 @ 304 A7 2L A8 IR G 1% 55 5 3

Fig. 5.8 lcH M+ ME & 1x1026 n/m2 ® 304 AT L AHD SA M. TS MBIV
CW #® 561K T?» SSRT IZBIT2DIE T —OF A ilifzRr7, 1x1026 n/m2 Tix, SA
MIZHOBLIORELLIZHR/NTHY, TS MBRBRERMOPE R LT, ZHITRIED
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BcEb 72 SA M E TS MONERF B EizL TWd, CW #4728 3 35U | I KD 5R %
R, ZHiE 1x1025 n/m2 ® CW HJ:H ED KIS TSI THY ., TR & OV & (k1
LDMMEOEMIX 1x1025 n/m2 OB CRML WAL,

Fig. 5.9~Fig. 5.12 {2 SA ¥, TS M B L CW # OB % O 48l 5 X Ol 1 8 52
DFERAZRT, SAMICEBWTIZ, 2/ IGSCC #xL(Fig. 5.9 X Fig. 5.10 ).
B TASCC M2 R L7, TS MIZBWTIZ, IGSCC & TGSCC M RAET S m %
A L7=(Fig. 5.11 2M), CW MIcEB W TiX, IGSCC, TGSCC I K OVEE 1 i 1 28 1R 1E
T O CH o7 (Fig. 5.12 ),

in-situ Bl2ICLY 60 B CRELZEBIZAONISHEIOENLOLHAELLE

HERHEE A Fig. 5.13 12/k7, SA M TiX, 5.6x106~1.2x10 *mm/s O #i[HD &%
%Jﬁﬁf%rbto TS M TlX, FATHOE T ARIZ 1 DT HODOZHOBAZHRB L, =
DEE, ~HFOXRPERLTVWDLIM., b — O 2T LL%%%JJ:L“CM%)’&ﬁ
D (Fig., 5.13(0)Z M), ZTOXHERO T o AN BIZHEDIK . RERICEAD
MALTCHBR AWML TS, CW M Tix, & J%ﬁjr“@%uli 1.4x10°6~
2.4x104mm/s THY, BENOLHMICELIFTORMMAKE ThHoT-, T i, FHx
HiEREREEOIEFIXT CW #M>TS ¥ >SA # &7 - 7= (Table5.2 & ),
Andresen[124,1251ZH I T#HF D 304 AT L A TILEIRIG )OI E L IC & A
HERBEENEMT 222 Rl TBY, KRBOREORERIE TII1E CW #>TS #>SA #f
TV (Table 5.1 ). Andresen DL —HT5LDTH 5,

5.3 WK 304 A7 L 2D SSRT ICBITHEZR AR EE - TASCC K=z MEIC
T 5HHE 5

5.3.1 FRATAE 1x1025 n/m2 D 304 A7 L A8 D & ZL38 A= - e B 25 8

Fig. 5.14 BX O Fig. 5.15 [T B & 1x1025 n/m2 D TS M BL CW D
SSRT ([ZX0 LN — O T A, EBZEBEIY in-situ BLEBER ALK R,
%ﬂ%ﬂm#o TS ¥ Tix. %f”@%’v‘éi%ﬁﬁmﬁé ENTER o8 lim A R[S A
STEEHRDPERL, B PRI ELRBREZBE T 521N TE, TS MITEAGELIC
LDORHRTO Cr RZNVAELTEY, é‘ﬁ"#ﬁﬁ% FCHRICRELEZEIZEY, KR T
JEROHENZELLH N, R RKIGCHERBL OO ETORMN 3 BBk b e
STEbDEBEZHND,

Fig. 5.15 123 CW M TiX, i O # A FIZ TGSCC & TG #FhnH oD, it A1
ROLREAELZEH/N PRI TR ALEEICE 72O TRV, in-situ BERICXDE, Hb
HAMIVEALEESRANAEFMA~ERL, BBTICE SRR TEE, 2hEIR ) —
OFT AR FICBOLADLEDLE M RIENICETHR1ODOIZEB VT TGSCC BEAELT
W5, ZOLEDIRTIIE 833MPa THY, I KIE 1D 99.4%ICHY T 5, el T, Onb
@FETIE TGSCC NHERL., @NO@OE CTIXIEMEMEEZ LT @QLIFEIX TG Bl & 2k Mk
BENBAEL CHERLEKOICHBICE--LHBrTt&5, IGSCC b TGSCC ~,
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TGSCC MNOIEPERIE ~EMIEIZ N EB T252L1F. SSRT I[ZB W TIHECENLD FL
ThDH, LNLRNRL, ~EEE~BBLICMEENBEFEEOBRE~NRLIILENHD
Zl% in-situ BRI J:MEMLKO ZHIE. TGSCC NiERLZZEIZEY, B DK A7F
Wrim B CIIMBE A2 R TET R ICERN AL CTEMEREL R T IELhole, THLEDL,
A E L2 SSRT THY, ﬁuﬂ%ﬁfﬁ ELDZOFTHEPDS BBNICHEREREET
BlELRro/eZ b, EHEREOERNPFZPTHEIEL,. TG FIh~ERBLELDLEE R
bND, ZOLE SRERLLLIC. ABRANHAATIRERY, ZNETREFEETH--
i T 5 1) & & R R 5 1) 0 A A XL AR U R T b oD e o R L AR T & EL 5 ) (S A 23
HELTEHLND, TORIIIKGFWEBEMELEETLIOTAHABOMDO NI A2ELR
WH TG EINEIEMEMRENHAICERL ., ETICE-T2bDEERZLND,

5.3.2 MH & 1x1026 n/m2 D 304 A7 L AFH D& Z 5 A4 - o B %8

T B S B 1x1026 n/m2 @ SA KM, TS MEBLT CW # @ SSRT Ik Eonit
JI—O0FT A, Bl EBIY in-situ BIEERAGLIEHERE, 2 Fig. 5.16
~Fig. 5.18 177, SA MIZBWT, RKICNWEZBECEZICSHOBELHBL., £
O E F W\ LA S A~ — AR I R T D 0 & 852 Lt(Flg 5.16 M), AR ERFOD

Jia 771X 519MPa THY ., fix K S1D 98.3%ITAH Y T 5, 55 1 S ZLDFATER D Skl ~F|
ETOHHEANCHERNERTLEEHIT, F 2 SH/HN TS B@Jixﬂﬁm%éi HREL ., EEw

HREAHAD LIl kn, ﬁﬁ@%f”ﬂﬁﬁmﬁ“éiﬁ W E T,

TS HMIZBWTH, R RKIENEZBE-ERICE 1 BLOE 2 HoRAE2HERLE(Fig.
5.17T 2), ZOLEDIE /1%, 562MPa THY, I KIE D 99.2% THDH, ZhbH 2 2D
FZIAR O EHICHER EE LA R AL IZIE R AT W i o T AR
WL TV 5, _mkﬁmﬁﬂzﬁi IGSCC & TGSCC MEIAELTNDHIENDL, TNDHAIA
RRICAECRPOERANDERL TN ENbh b,

CW MDFETH R RIS NEMELEZICEHORE 2R LIZ(Fig. 5.18 &),

@}:%@ﬁiﬁ % 818MPa THY, 98.3% Th D, £ D% LM A MNSLM~—ERIZE
HPERLTHDIN, ZOMBEBBREBIIRESELLLTVDIORDL2SE, ONH@ETIX
IGSCC N ETHVIHRAIZ TGSCC OHIGEIIMSHE, @LIEILZ TGSCC & ik M fif 3 23
IRAE LT fif i &> TN D,

5.3.3 TRFEAL-ERETICKIETICNLOT HOLE
Zliﬁitﬁﬁ BUWT, 1x1026 n/m?2 FTHEFRESINATZHBRA TV E ., & KIS E
BEZICZHOBENHERINLTND o:ﬂi%OD%iﬁ%)#@%jtﬁi\jj@ 98~99%$%F?T“
HY, in-situ BIE THB CTELETORM ELZZE T L, 1T H KIS B ERICEAN
AL TWDHEEZLND, TN &E 1x1025 n/mZ@nﬁHTi TR OFE AN RIS
R TELDIX CW MOKRTHLIN, ZHEKRKICDBZERTHY, RIS DEDHEZ
99% Th b, ZD&E, THRBEARGISNITETET . HERICHETHEMLEIT TWD,
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Haruna 5[103,104]1%, KRB K OB 304 A7 L AED 423K TD SSRT T
ROIOETHMFIIERKIGHHETRAETDIZEEZREL TS, B5[105]1F, RIBH O
Bt 304 A7 LA D 561K O /kH SSRT I[ZBW T, in-situ BlEEIT\, £ 0
SHUORAEEZBRTIELELIC, MAIE SO 80~90% IS BB FELIZLEITHR YO EH
MNHEETHIEEREL TS, Fukuya 5[126]1%, ki i O 225 THafL F v R L &M
AR O T HOEREAEL, ZOIHR 0T HAOEFEREN IG #lnzslExiRzFLLTn
%, Onchi 5[12711%, BE FEOBHHE AL 304 A7 L A8 Z AW CTRIEMED AL &R K
FToH SSRT & TEM #BlZEDKE KNG, KFTO IG FINOFHAEITRF TOIN SO
HDEFREZRLTHTDITECDLIOEAIERXTWND, 612, TG FAVITEE N HE O
RCERETIOREAIEHERL CTD, —J7, HRP OIS FEAREERBR TIX, KK
D T8% ARG DI S TIZEANFEALTELT, 60000 FFMLL EORBRIFMZREL TH
FAELBZWRBR AL HH[82,87],

InoDZeENnH  TASCC OEXHOFEAITIL, I KIS JTITK LT 90% LN ED @ WG T
MLBETHLEZEZDND, IS IBREMLIESG A RBEMECONIZ, BHEEREEZAELD
EIAN BMEMTIEFR M TRMNICEIBEHLBEZZ T TBY, FERANIZZ<D AKX
Mo Lo L — 7T BBEICEASN TS, T72bb, MM ZELTEBY, Mz Dd 0
WPHEEREECDMERB L L TND, TZ~ENEAMTHIE T O R A - L.
KR A~ DOBEHDVIT R R BICEDEMOBE O EZ AT, NBL R R ICB W
T, EBHICHERMEBIOEMEZZEREL, CRTEHEINLOEREMBBRRA LD, SXBOT v
JCHOLRAICEB N T, AXBB IO EENRANIDLE W=D T IcE T’
WRLF S ICEF L, Cr RZICEDHROMM AR T L TWDLIEH M F L TR
IZ IGSCC N REAETIHEEZLND, 2072, IASCC O X I E T 1T K& T % D &
WIS DB LI b e B b5,

KIBEHOBRGHEALM TR TO Cr RZOMHEE AR RE2ZTSAT 50~KH
nm([18,128,129] THV ., M TIiL RIS I2k% Cr RZOHEEA 10~20nm F2JE
(61,671 THD, 610510 %G 1. BABLBLIM D 561K TORBRTHY Cr XKZ @1 H
DIWHEENRKE, I KRIETD 80~90% DIt H TEHUNEHFEALZLDERLND,
Haruna 5[103,104] O%H &1, 423K ORWIRETHo7272012, Cr RZ @D DU
O E /NS, BB M ERBRICR KIS IR CERBBELLEALND, M T
Cr RZDFHERPENTZDIZ, BWHOIORBEEEBIVGIS N EENBHEF BN ZbDL
Ezbnbd, AT, SSRT THLIZENLR A ICEMITHEML, E#-BEAICEILRA
B R O Wi A O D DO ELS TN T B L EB IS R ~DIS HEF L AL En
O, mbL~O R KBIB LB O LB Wi ICAEL, SH/HNERTLIZEICRD, 20O
X XANER T AL THERMBBIOEBMOEREP AR FORBLWE SR N I, 22
SHERMEBE N2 EBMI TGN L EERDLZ L0, in-situ BN LRDTZEH
TR T IS 2RI LN ERLZEEZ LN S(Fig. 5.13 ), CW 128
WTIE, BHBTOB BN TICEY SREBEIOEM L —TOHEANENRE N -T2, i
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Fig. 5.19 [ZH 4 & 1x1026 n/m2 ® SA M, TS M BLV CW # O = &5 A R 5 &)
DR X % R B OBGEALM OFER[105] b icmT, BBLEL LB IC IR R To
it MR T L TWARBH O TS #TIlE. & Kk Db L TR Z0H IRV IS 7]

yé:&@%f”rbxéum\éo:h’ﬁb SO SA M. TS MBI CW MickiFsik

WARELT, RIS NEER . R RIETD 98~99%DIHE 1T 1 HDH NI 2 ADOXZIE A

MHERENTVWEZE, BIOEAEREEOHINMEB L ZEVRLANLERTIILTH
Do EROFA-ERZHRERLL T, BUARHVRADLS, micks N TIE, 3 #Eke
HERSTEY, ENENOEZMEICERL TWDEALND,

5.3.4 W{ICHE S TASCC &% M L& 2k B 25 8

IASCC E=MAFH M 270l EICx T2 IGSCC ki F 4 kT — %
[127,130,131]¢¢H12 Fig. 5.20 (27" 9, SA #Tix 1x1025 n/m2 Z L 7-LZAT
IGSCC M A ML TW5D, Zhix IASCC DLEXWHE EA 2~5 x1024 n/m2 &\
b Tna[51]ZteMh—% 35, TS M TIIASIBALLAEEZL TWDLZEND KB
T IGSCC WA AROHNDHA, 1x1025 n/m2 TIHIFIF2mE IGSCC ZRL, Thky
HEm WK & T IGSCC B EENIK T3 528127b, TASCC =X IGSCC i i
FILESWTHM T 2008 =KW THLIN, KRB TAHLNTLOIZ, IGSCC & TGSCC
WIRETHEAELHHZENS, IGSCC & TGSCC ZAGFL-ME £% Fig. 5.21 |7
T.SAMBIO TS bz, HbAREOEITZHLILOD, MFEOHINELELIZ IGSCC
& TGSCC #AFLIckmELMT2MEMEZRL TS, LrLeR5, CW Mz W\ T
X, IGSCC & TGSCC &t L7z BN RKEL DML TEY, BE EOBIMIZHE —E
DIEALZ R L TR, AT TR _72 5512, IASCC DX R AITIT, MR MB L OEENL
DEBPEELEZONDIZENG, HKIGNIZHT25 IGSCC & TGSCC & FFHLIoHk
Mm% Fig. 5.22 27”7, SA BLW® TS MIZBWTIX, ZhEK 500MPa BLO
400MPa Z# 272 ZATIGSCC & TGSCC =&t Lk m o N3 2 M A A5

—J7 . CW MiZB W Tk, BIRIE o intt iz IGSCC & TGSCC &R Lz
FHAD T HEM B ABND,

Hide 5[130]1%. 3x1025n/m2 FTOMKE TS MIZBITAIZ7afllk o E217\, ki
ARTOCr RZBEIWUNIL, SitP OFzHELL, Cr RZNZORSF & TITAML T
BO, @B ETO IGSCC i FE TR A TOILREEDHLITEFLR NI EEZRLE,
EHIZ, WAL SAM. TS MEBELO CW M Toh SSRT %47V . SA MIT FEATH 2T
B— BB L. TS Mix SA ML /hNSWERFEEEZ =L, CW I Bl mns 45°
A B R BT AR 2R L2 bWt Lz, SSRT £ ICAT o 7= ik B i “EAT 8 o 4l
BN CW MOIITHLL TWAMEHT BEAY —IComE T REMRL. RTEL
LIEERHEBRTORGNROT AEE L, AMOTHAHELVSE —H K& RDHIE BX
CFEATHIRES 20mm ThHho THAEBEBIIN 2mm THLHZEAERL[130], fE kA3 ik
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CW #Cix, I THEALICEY MR KB LML A EASHLTWD, SHICH T RIS
DIERMa - ER ALV — TN E A, BB T8I0, M TEBEIORHICLVE/L
fzZ A~ SSRT IZLDBEIE DA SH, b NI 28 AS L, S5 ISk
DL/ D, BRI TELRLIZBRICEY IGSCC 24U, #ERBITLZL1C25, THO L
ﬁfﬁ/\ TIEHERICHE AR B OEBMA RS, SRHOMEREEL IS IET ORED H N

f"ﬁ‘ﬁiﬁ”%(?)fkaaﬁﬂ\if FSHICHL L CTHMEREZREZLICR D, fmbl kL
@b ﬁﬁf@ﬁ“ﬁ D3 @ T AV L AR B - R AL O RIS R LT FE 3 b D R AR fE I S
EAEMICB NI IR D, T e AT T“@Faaﬁmﬁﬁftmﬁéfﬁ:ﬁﬁ?
DEREELZ EFboTLEIE, WA EDRBRICEL, N TT RO REAL, XA
T ROE DS ~HER G EEEL, BEFREN IGSCC b TGSCC ~LEB 5L
Zzbn%(Fig. 5.23 28), 0%, TGSCC X, ML N T L7k bbb & 58 5
IR THEHLND, TGSCC OERIZEY, BT OERGFER BN KD 5720, A
Tof fof B 2 HEFF TE AWV FE IS 72 o 7o By B T RT3 M A | B A& 1 LT IE M A 3 A R
LiztEzoNn5, CW Mid, i Ki 71728 800MPa @<, EREFASELEDICART
BIEHNbmEm b DL, IGSCC H5 WL TGSCC BEAL, b NICHERLEZKATA
WIZERNEAL T EOF SN T EHONLZEND, R RISTTOEMEELLIC
IGSCC & TGSCC A LI-m ENWILIZbDLEEZEZLND,

AT & 1x1026 n/m2 @ SA MIZEB W T, B ICED R KRB L OEA OB ANIZMA
SSRT DBIEIS HIZE> TIM L LINHIHEN CW M EVE RE MR I+
RARMEBIOEMNEBINDSAMIC Cr RZBIZEDHRATOBEIZIVEZANERL, £
m IGSCC iz RL7-bDEEZLNS(Fig. 5.24 2M), Zhix Fig. 5.8 D& /1 — O
FTHMAIZIBNT, TS MOBERISHIVBHENC SA MOMBMAREL TNWDHIEE—FT
a3

TS MiZB VT, BB L EICLD Cr ALK FICH HL TEY ., BR DA
TS 2 aﬁ*#i@%f&?bfb\f:&#%m& AE AR B R IC KV AR TLT
B, EHPRRZERTDLOD KL FRIZHTHLTWD Cr I ZTIEIL 2N R
HFhiXesbd, ﬁ”f‘aﬁ%@fﬂﬁﬁﬁfom@ﬁmh SHOEWNRERFMEALEZALR
TholetHhobd, ZDH, T8 PEENC LD T _XOEBFET HE, THDKE
pRL NICHER T E2 BT T 5500, %HE*J%:%:LLT@@*JE% IZY7-5EFHE IGSCC
ERDHIEEMVELTEEEZOND, 2D | TS M IGSCC & TGSCC MIRTET Dk
HZRLTZERALILD,
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IASCC DEHBAEBIVCERZEZTHZM L5701, FHEFHHFH&E 1.0x1025 BIW
1.0x1026n/m2 (E > 1MeV) £ THHLZTEMH mﬁ&ﬂ;ﬁ 304 A7 L AEHE VT,
DO = 8ppm, 561K O &R+ T SSRT #1177z, R &L T, ﬁﬁ%ﬁmiﬁﬁ»‘ﬂ:\
BGALEI M M T OB EfE L 723 % H Wiz, SSRT HICIZHABR A FATH D
in-situ BlE4 RARBICITBEHBEELT o, ThHDRERND, quootoi,c IASCC
DEHFAERFI B IO TASCC EEZMIC K IETASEABIOBENTORES
BB IZ LT, Fig. 5.25 ICARBRICKIT DR R LB LE L FLO AL R T,

(1) in-situ BlZE56 SSRT BT LEHFBAEITHRKRIETTO 98~99% R D i J1 1 H
ELZLEEThHolz, FMEFHE & 1.0x1025 n/m2 D CW MTiE, & BARKITRKR K
JECBIFEL, P RE R 1.0x1026n/m2 TIE, SA M. TS MBLO CW MEbic
BRI INCEFEERICEHDBBEINT, EHOBERIT 1 EIFT 2 K ThoT,

(2) hPEFMEf 1.0x1026n/m2 ([CBWT, CW M TiE, E&NELE%,. IGSCC D
TGSCC ~., TGSCC 25 Ik M~ }:E&% SJEEDERB A LT, TS #1X IGSCC &
TGSCC DRELMm . SA MIiTIZIE 2w IGSCC fkmaz ~L7z, ZHHIXs kIS )
c:i%:)%a%*ﬁm«@ﬁﬁw@%;tﬁ;ﬁﬂi@%%ﬁiﬁfﬁ& Cr RZIZEDRIFTOE A E
DM ZREAFRICEIbDEEZBND,

(3) W7 BRET & 1.0x1025n/m2 238V C, CW M Tix, TGSCC MDIEME~LER %
JEMEE TG BINDORIE~LHERENEE Lz, R ORFWEE, WME, BETD
OTHENRTURAEREHSZET TG ilJﬂf\}:L%Lf:%@}:%LEﬂé SA M Tix
TGSCC EFEM: M OIRIEM I ThY, IASCC Z/n 3 k1K &I L“Cb\fot?bxo
72 TDH TS MTaRENT=2mEm IGSCC DO Ix FICEASBAL LB |- TED
b THD,

(4) IGSCC & TGSCC # &Rt LR IT. I KIG o MEELIZ, SA ¥E TS M4 T
ITHEIL ., CW # TIEEA L7, TASCC 2 M3 Tk B X OV S b 12 L5 28
MRENZENRINT,

(5) FM:FHE S 1.0x1026n/m2 @ 304 AT LA TO in-situ LIS, EY
THERHEE X CW M>TS M>SA M Thote, TRERIFITIZ, WToORED R
BEE DI EPR D E AR BRI LN DR L Tz, £2, BB AT o i 8 )
DEANKAELILGA, — HOEHPERLTWAHMIIM G DR :tLJE%@JtLTk‘
D, ZD7 A% HAIZH#YIK Lfmx%u_%bfu\to ZOZENDL, TROMERIT, FE
fBL N T O R R MR XA O EREEMR A IKL TWbHER LD,



Table 5.1 Summary of SSRT in irradiated type 304 SS
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Neutron fluence Yield Maximum Total Fraction | Fraction | Reduction
Specimen ID| Treatment W, B MeV) strength stress Elongation | of IGSCC| of TGSCC| in area
’ (MPa) (MPa) (%) (%) (%) (%)
F5 SA 463 568 11.5 0 51.2 51.0
Fe 478 584 13.1 0 88.9 54.4
H4 TS 1.0x1025 450 476 3.7 98.1 24.1
H5 462 497 3.7 100 12.8
G6 CW 806 840 4.9 0 22.9 18.0
F10 SA 522 528 3.7 100 12.4
F12 586 591 3.8 100 16.4
1.0x1026
H12 TS 586 657 7.5 35.6 64.4 17.8
G12 CW 772 832 4.6 16.6 71.1 25.6

Table 5.2 Summary of in-situ observation in irradiated type 304 SS

Stress in the
Neutron fluence Number of first crack Mean erack
Specimen ID| Treatment In-situ observation Introduced | .5 7. growth rate
(n/m2, E>1MeV) initiation
cracks (mm/s)
(MPa)
F5 Failure beyond
SA in-situ observation
Fé Failure beyond
in-situ observation
H4 1.0x1025 Successful 1 *(7.9x10°5)
TS
H5 Failure beyond
in-situ observation
G6 Cw Successful 1 833 3.2x10°5
F10 Successful 2 519 4.8x10°5
SA
F12 Failure beyond
1 0x1026 in-situ observation
H12 TS Successful 2 652 6.9x10°5
G12 CW Successful 1 818 8.4x10°5

*In H4, since the first crack initiation was not obviously observed,

width of gage was divided by time to failure from maximum stress.
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. 5.1 Stress-strain curves in type 304 SS irradiated to a neutron

fluence of 1x1025 n/m?2 in oxygenated water at 561 K
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Fig. 5.2 Direct and SEM observation in the SA material (F5) irradiated
to a neutron fluence of 1x1025 n/m2: (a) direct observation, (b)
failed gage section, (c) whole facture surface, (d) schematic

drawing of (c¢), (e) and (f) high magnification of (e)
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Fig. 5.3 Direct and SEM observation in the SA material (F6) irradiated
to a neutron fluence of 1x1025 n/m2: (a) direct observation, (b)
failed gage section, (c) whole facture surface, (d) schematic

drawing of (c¢), (e) and (f) high magnification of (e)
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Fig. 5.4 Direct and SEM observation in the TS material (H4) irradiated

to a neutron fluence of 1x1025 n/m2: (a) direct observation, (b)

failed gage section, (c) whole facture surface, (d) schematic
drawing of (¢), (e) and (f) high magnification of (e)
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Fig. 5.5 Direct and SEM observation in the TS material (H5) irradiated
to a neutron fluence of 1x1025 n/m2: (a) direct observation, (b)
failed gage section, (c) whole facture surface, (d) schematic
drawing of (c), (e) and (f) high magnification of (e)
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Fig. 5.6 Direct and SEM observation in the CW material (G6) irradiated
to a neutron fluence of 1x1025 n/m2: (a) direct observation, (b)
failed gage section, (c) whole facture surface, (d)

schematic
drawing of (c¢), (e) and (f) high magnification of (e)
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Fig. 5.7 Crack growth rate based on in-situ images during SSRT in type
304 SS irradiated to a neutron fluence of 1x1025 n/m2: (a) TS
and (b) CW material
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Fig. 5.8 Stress-strain curves in type 304 SS irradiated to a neutron

fluence of 1x1026 n/m2 in oxygenated water at 561 K
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Fig. 5.9 Direct and SEM observation in the SA material (F10) irradiated
to a neutron fluence of 1x1026 n/m2: (a) direct observation, (b)
failed gage section, (c) whole facture surface, (d)

schematic
drawing of (c¢), (e) and (f) high magnification of (e)
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Fig. 5.10 Direct and SEM observation in the SA material (F12) irradiated
to a neutron fluence of 1x1026 n/m2: (a) direct observation, (b)
failed gage section, (¢c) whole facture surface, (d) schematic
drawing of (c), (e) and (f) high magnification of (e)



JAEA-Review 2008-064

2

Fig. 5.11 Direct and SEM observation in the TS material (H12) irradiated
to a neutron fluence of 1x1026 n/m?2: (a) direct observation, (b)
failed gage section, (¢) whole facture surface, (d) schematic

drawing of (c), (e) and (f) high magnification of (e)
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Fig. 5.12 Direct and SEM observation in the CW material (G12)
irradiated to a neutron fluence of 1x 1026 n/m2: (a) direct
observation, (b) failed gage section, (c) whole facture surface,

(d) schematic drawing of (c), (e) and (f) high magnification of
(e)
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Fig. 5.13 Crack growth rate based on in-situ images during SSRT in type
304 SS irradiated to a neutron fluence of 1x1026 n/m2: (a) SA,
(b) TS and (b) CW material
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Fig. 5.14 Crack initiation and growth behavior based on stress-strain
curve, fracture surface and in-situ images in the TS material

irradiated to a neutron fluence of 1x1025 n/m?2
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Fig. 5.15 Crack initiation and growth behavior based on stress-strain
curve, fracture surface and in-situ images in the CW material

irradiated to a neutron fluence of 1x1025 n/m?2
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Fig. 5.16 Crack initiation and growth behavior based on stress-strain
curve, fracture surface and in-situ images in the SA material

irradiated to a neutron fluence of 1x1026 n/m?2
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Fig. 5.17 Crack initiation and growth behavior based
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curve, fracture surface and in-situ images in the TS material

irradiated to a neutron fluence of 1x1026 n/m?2
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Fig. 5.18 Crack initiation and growth behavior based on stress-strain
curve, fracture surface and in-situ images in the CW material

irradiated to a neutron fluence of 1x1026 n/m?2
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Fig. 5.19 Schematic illustration of crack initiation and growth in type
304 SS irradiated to a neutron fluence of 1x1026 n/m2[105]
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Fig. 5.20 Comparison of fraction of IGSCC in irradiated type 304 SSs as
a function of neutron fluencel[127,130,131]
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Fig. 5.21 Comparison of fraction of IGSCC and TGSCC in irradiated type
304 SSs as a function of neutron fluence[127,130,131]
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Fig. 5.22 Comparison of fraction of IGSCC and TGSCC in irradiated type
304 SSs as a function of yield strength[127,130,131]
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Fig. 5.23 Schematic illustration of transition from IGSCC to TGSCC in
the CW material irradiated to a neutron fluence of 1x1026 n/m?
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Fig. 5.24 Schematic illustration of transition from IGSCC to TGSCC in
the SA material irradiated to a neutron fluence of 1x1026 n/m?2
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Fig. 5.25 Summary of results and discussion of crack initiation and

growth behavior in SSRT of irradiated SSs
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6.1 =

ARFETIE, JRR-BM IZBWTHIE TS 21T 7= @i 304 RBLU316 RAEEICBITLH
FEHRBOM I TASCC EZ M ICKIETIHMIL RO BIZ OV TR T 5, 8 1 B Tk ~7=k
2, TASCC DJFRN D —21%, kit TD Cr K ZJBDER THHN, [FIFF I O E R Bk R
IZBWTEALHDWIIRZEZEL TS, ZOIEF TR ZD L ORE R IZEVAETHZ LN
O, PR BEOEIMELLICH A TELLHLNIIRZOREZBEINSE, HOEEO RN &
MHEDEALDFELC 720 | BIFR B L7225 L BB D, MEE R O & 5T 56 O J5 BT i 72 1 JE 234
SELTEALL, ZENONREE LTS OB BHA F ~ 2 BE2 KT T Zenb, ERDOETELH WY
BIVTCERETTUMEEM HAHWE T E T IR E OM B ClX, ZhEND It R O B A i H -
T2 IENEECTHS, 2D, TEMBGME LG EHE DO Fe-Cr-Ni 542 X—ALLT
WHIL, Si. P, S, C.Ti BLUO Mo 2 HMHLNTEEAMAEDETRNLIZA&2HEL, 20
A G IRFER A AR L% | e T AR AT o7, U & 6.7x1024 n/m?2 (235172 4
BB O RIL. Mo BE Si OWINTRHF L EZIH THEEE2BEICHESNTND
[70,132-136], ABFFETiL, [F—{bFHEE O R #E G 4% 3.56x1025 n/m2 £THPET L
BICER AT TO SSRT 1TV, FEMILFEN IASCC Bz KT T EBEFEML,
TASCC B2 M KIETIRMIT F O BB IO K RO M TN TTFE O R BOZEICH
LT R ZS5Z 801, TASCC OB L OME M ORI | AP O STV 208 WAk
MR ORFELILOFEN . EHIZIEM TASCC 26 T8 SR B ~2ORDBLEERLDOTHD,

6.2 304 ZBLN316 2B &I T %R B HE[137]

6.2.1 IKOTHHESBRRBICBT2IG ) — O T AFH BLOHES

561K, DO = 8ppm D& iR /AK 1 THEMi L7~ SSRT D % Table 6.1 (2= 9, SSRT 128015

DTS T — O T AR DOIL CZIWMULRWHIFEZ Fig. 6.1 12, C ZIRML7-#ifE% Fig. 6.2
R T I — O H iR OZ 8L C OBINITKAF T2 M A3502032 5, C BMEAFE, 3720
5. HP304/C. HP304/C/Ti 3 XX HP304/A1l I B W Tid, Wb 5| ERE 7T10MPa Z# 2
TWAIFES, HP304/All TIEB|IRREBILORERIG D Ebicftio 2 gfELDE 100MPa UL |
BRVME L2572, C IR IZHB VT, 540~710MPa O 5[ ERETHY, HP304/S D3| iE
FREVHBR M K CThoT,

OT BB DN T, CHINULTZ 3 Tl ORI i TNT 2.8~5.8% Th 72, CEARINIAFEIZH
WTIHE, 4.6~9.9% DIkt VAR LTz, 2095 HP304/S DAl i O3 3 ik i 4 H e b A<
HP304/P 734 10% Dk Wi {h O'e 720 | SUBR A FE P e KO V&R LT,

Fig. 6.3 (24 $ifE D F1 Pk 7 R R O~ A 70y I — A S 4R, CHRMMETIZ, WTh
& Hv>350 THY RGO BN E ICH L, C BRI FEIZ ISV CTid, HP304/Si,
HP304/P X O'HP316 #* Hv = 300 Z7/~L, HP304 X1 HP304/S (X Hv = 270 2/~L7=,
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HP304/S 115 BB LI OBIRIG J1 &bk /N Th o728, HP304 L [FFRE ECTHRE L T\
T-Zlm R LT,

6.2.2 (RO B0 B 5] 5 3Bk 7 O ifi ¥ &

SSRT (T L0 Ik L 7= 3Bk i Ol ifi 8L 22 O % Fig. 6.4~Fig. 6.11 (2”3, HP304 TiZ,
BRI ORI A I ER I HIR I IGSCC AL Tz (Fig. 6.4 2 08), 2V O i v 12 2 7=
DIEE B IGSCC 23R AL, uﬁﬁ)#ﬂlﬂy%%« B, AL, BaENEESRALTZbDERLN
Do Flg 6.5 (2~ HP304/Si Ti, 212 IGSCC fif i & £ L TRV, Fig. 6.5(b)F D/ I

(28 2 FIE M Ak 1 7 At LA BT LS ﬁot%u&%@hé Fig. 6.6 (277 HP304/P TiZ,
IGSCC DAL TWDLOD, KPEFEMM 23 HH, DT 2 TGSCC bRHLNTZ, Fig. 6.7
(27”3 HP304/S Tl kBT A S35 o0 P i i 2 B W PR 20 912 IGSCC AAET TRY, R
PATE THDA %R T IGSCC H AL, Wi~ , S iRLIcboLAhbiD, HP304/C Tl
IGSCC., TGSCC I L UVEMEME i ANA KA Jg 35 L5124 U T 7= (Fig. 6.8 1), HP304/C/Ti
IZBWTH, IGSCC, TGSCC BX O o 3 FEEOM E 23 rEN7=2(Fig. 6.9 &),
IGSCC 2 KREL 2 FATIZ DI TEDORITIE A i A H R ICHDHZENBMm M DR L TE
IGSCC BARTHRICHEWTICE sT= LA bD, HP304/A1l I8\ T, IGSCC & AEME A [ 0
HHBLIU(Fig. 6.10 2 fR), HP304/C/Ti L[RERIZ IGSCC A K &< 2 fHTIZ /03 TE D AN E
PERk A7~ LTz, Fig. 6.11 1233 HP316 Tik, R i EBIC IGSCC, DAz 7RI
TGSCC FBLOFEMER i 234 U TRV, @i & EAKICEL WA &S IGSCC 254 R
BN ~ERL, TGSCC ~EBE ., TITEMBEICE T2t irbDd, Zih SCC il ifi
ZEOFEEDT-H D% Fig. 6.12 12759, HP304/P 78 IGSCC filf 5 R BN TGSCC ff i L1
/MRl RWT CIRINEAFED 3 52 IGSCC i % 31~62% %~ L7-, HP304/P %[x< C
VRN ERHE 1%, IGSCC i i F+TGSCC i i AW T b 80% & 3 F WD Th-o7-, SSRT
F D in-situ BLEEORE R [122,123]10°6, e KiG A CERBB A LIS EL, %fﬂ@@
IGSCC & TGSCC il i O i Ff & fie K s /#0838 2> DAk Wi £ COIRE[E] C/F L7e, SR mifg Ok
WEEZ KD, Fig. 6.13 (Tl S & &0 FE O i B D BIfR &2~ 37, SO e bl %T?”@
i ok 2 3R 3 S L CuvD, Andresen[124,125]1% 304 XT/I/Xfl—J BUWTREAR IR ) D
MELHICEREREE NN T 522 R TR, AR —&THLDOTHD, Fig. 6.14
24 8 FE 0 AT 0 SEM #8122 @ i R % r 77, HP304, HP304/Si, HP304/S B L W
HP304/A1l (ZIFHE W ICE o7 EERHOMIZ ZIREHD DR AR HHIL, HP304/P, HP304/C,
HP304/C/Ti 3L HP304/A1l Ti&, £ 45° 05 ] ~DH AW 8972 Ik 2358 O iz, & AW aY 72
Al W7 2o 7~ L7 Sl A L, AR SRR IRV IGSCC il i 3 A& /s L7 B CTdh | HP304/A1l IZ8 W\ T
i 7 ORI AR LTS, HP316 I2B W T, k&G A M B2 Wt RS2 o7z,

6.3 MG EOHEINTEL RO A FEEL TASCC B M KIZ TR T FE O BIZEAT 2%

P
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Z~

ARHBICBWTHE AL 304 BXO 316 Z2A& 4%, JRR-3M (28T, 513K T 6.7x102%4
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n/m2 FTH MRS S, 573K, DO R : 32ppm O/KHIZH W T SSRT Sk R0
H5[70,132-135]IC k> THAE S TWD, KBS O 53R, MU & 6.7x1024 n/m2 BIW
3.5x1025 n/m2 C?» SSRT IZHT DI ) — O T A dhfta Fig. 6.15~Fig. 6.22 |2/, X—RAH
& Thsd HP304 TiE, A EOEMELHIT, JEIHMED EF- LIV R H6ND, B &
6.7x1024 n/m2 ® SSRT T, IASCC IZLDEIN DI AEITIY 12% ATl O LR,
MRSt & 3.5x1025 n/m?2 TIXEHITIENIED LA LI RO 2335 L leo70, A & INTHED
BB DORBARIS ST OB B L SCC R D& %, TNZEh Fig. 6.23 BLO Fig. 6.24 |
NN A

6.3.1 Si D%

ZNETOMIE[70,132-134]7°5, FS & 6.7x102¢ n/m2 ® HP304/Si (28 TiE, 40%%
25 IGSCC i &R LIzb DD (Fig. 6.24 2 /), B AL IZEDBERIE 10 EHH 2 e T
/N THY(Fig. 6.23 ), W B O 20% L0 E&27RL7=(Fig. 6.16 /), ZhiE Si U
FOT7 T IRUERAL IV — 7 DR FE AR L U L 23 il S -b o chv[122] TASCC I
O ETOWRBM PO EME S EOZNIVLEVWILERTHRKRLOThHoT-, T
(kL MRS BN 3.5x1025 n/m2 £ CTH ML 72281280, IGSCC i i =R 1% 90% & 2. CIRN&
SRS BRI 127 L, B O 10% K0 & 7272, Fig. 6.25 12 Si &IZxf 35 IGSCC fi
T % SCHkE [57,68,70,98,132-135,138-143] L LB IR 77, BRST & DI FROWMICL>T
T RO AAICIENHLE DN ITASCC D Si F KA MEAABRICIZZR D720,

Chung »[144]1%. B & 3~9x1024 n/m2® 304 BLT 304L AT L ZHICE VT N <
0.01wt%7>> Si < 1.0wt% CTiZ TGSCC Bz MR E L, WIZN > 0.01wt%E/-1X Si> 1.0wt%
TIX TGSCC EZMEPMERNZEAHE L TWD, £/, 0.8~1.5wt% DR E D Si i, IASCC &~
PEEZIH SOV RAEZBIESE, FIE THHEL TN H[1380,145], EHIZ, R T Si i FE 23
MU7zizb 202063 IGSCC ik =3 i 322 &R L, B T Si Ot 23 304 A7
28D TASCC DA =KX LTIH2\ N ELTZ[146], Fukuya H[140]i%, 5.3x1024 n/m2 FTHEHL
M EHZEBWTC, ST & intebic TASCC BEZMEME T 52E2 R LT, Fio, B &1
2x1025 n/m?2 O 347L A7 L AHIZ BT, Si ORI EIZBERIS DB LU o T2 eb sl
SN TWA[141], BRI 348 AT L L AFICIHWT, R R TO Si OE(L BEOHEINIZKELT Cr
RZENEINTHIENME SN TN H[147], Busby 514811, 5.5dpa D5 R A 2B WT,
Si WA 4D IASCC EEZMENFEbEMN-ST-IEERE LTV, 2 RERBRICHB VLTI, Si
A RELICEAE RSN T A ENRENTNA[149,150], Si & A B2 2 5 LFEE X
B = L —Z D S N0 I B Ao TR R SERALOAR BAE A 2384 5L % %
HTwa[51,151],

“im[152]1%, P& & 3.5x1025 n/m2 1235155 HP304/Si © TEM # %275, HP304/Si 077
CORENI L — T OB ERBLOBEEE X, 21 9nm BLD 8.1x1022 m3 THY,
HP304 OZNHEFRE ThHooeMEL TWD, 2D &, NisSi OFTHABIEINTEBY, £D
ZEDD St IRMMOEBERDIHCELZLTND, Si LT ¥ —H A XOE WA FEE THE THY,
W R SV LR - CIR A Ml e AU AL 51 & Bl 09-<[56], Ni-Si DR A M gs B Fl 5 2 ik L7 7=
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BHNi 2 Si A5 ETVRNLBEN T2 81070 JEBCE MK T LI153], 5 db ki NI\ TR
AHERIE SN R M ANT Yy T EN TR RMD 7T 7 AR LB B E DR IME FLIZZE T,
FEG B 6.7x1024 n/m2 (2B WL, 500V — 7 OFE E N LTZE B R L TWD, &5, B
w7 3.5x1025 n/m2 FTEIL/=Z L2k, 7L TORE MR B AT HT LA T Si 0)%75§
ML, Ni& Si DR ENREEITHEE N LUI=72912, NisSi &g THT 5281278 >72, i 5T,
Ni-Si DR A HERIELS O PHCTIx Si B EE S AR L, R AT 7 4 D84 MR
DUT=Z MG BV — T OEE E DRI INLT=H D EE 2 T A,

Fig. 6.26 ([ZH M7 B ST T 520 0% CHkE[57,70,132-135,138-140,142] £ EH IR T,
Si MO BABEFITHETH7-012, 81 = 0.50%DHMEDOFT —F &R T ay LT
%, HE & 1.0x1025 n/m2 Z 83 L RIS 2 OME FLTW5, 8507V —7 O B D %
P LIEE O F A2 25 Si O RIE, K EOBINCIVERLIZEALND,

6.3.2 C D%

M5 £ 6.7x1024 n/m2 @ HP304/C[70,132-134]i238\C, C OFRIMITIR G L2 F LB &
L(Fig. 6.17 8L Fig. 6.23 2 ), HP304 tLb# L HP304/C (2815, TGSCC A i R A3
FLRWIEDNRENTVA(Fig. 6.24 ), M4 &% 3.5x1025 n/m2 FTHIMIEDHLE,
HP304 TiZ4 i IGSCC &72o7=DiZ%t L, HP304/C Tl 831%™ IGSCC fili 5 R ThH~7-, Fig.
6.27 12 C &IZxt 9% IGSCC fiff i # & SCHikE [57,68,70,98,132-135,138-143] &1~ 3, C
= 0.05%I2BWT, C BEOHEINEEHIZ IGSCC IR N L, TASCC A A LTng
LHBND,

mIRED C ImINE IGSCC B2l 70L& Hbn5Z8, BRU 304L A7 L A4l Tl
WHEVEm W IGSCC JEZMa R T 28N E SN TW5H[146], Jacobs ©[147] 1% IR & &
1.6x1025~2.4x1025 n/m2® 348 A7 L AN T, @ C &2k Si & P oEfke Cr K
Z0RIEH S DZEEHE Lz, Swann[154]13 18Cr-20Ni A7 > L A2 BT, 0.1%C HRInJ
HZET, BRI B LT HIEE2HAE LTS, /-, Ni ORI IZEVER/ o3
D EAL T D LR R =R X =GN AL DAL 2T RV ER IR <Aed Lk~ T
%, Hide 5[13011%., B F AN T 304 27 L 2> SSRT B icBW T, RB A B D&
WV Z(BEIR I 71 936 MPa) D=0 2R AT 7e B AR L, B IR(L 304 A7 L ALK
IGSCC flifi F 2R LI Z &AW Uiz, BRSO, T72b b Btomifb &b 1o SR @
NN A2 82 Andresen[124,125]I25 > TREN TV D,

MR A& 3.5x1025 n/m2 (233155 HP304/C ® TEM #2226, HP304/C D7 Z 2 7GR/ L—
TOEHEEBIOEEEIL, TN 8Snm BLTN1.1x1023 m™3 THY, HP304 DZNHLFEL

THoTmZENHEINTNDI152], F72. M2sCe B RV O A B 23k i 38 X Ok N AL IZ B80T
BlESNTND, AT UL RAHIHFICT U =P A XD IR THD C BREAFET D56, C OB
T8RN Cr EE AR EE R T 55 2565(566], CridA— "\—H A X R THY, BE 1L
Wi == R = L RAZIDRI N ~B B L2035, C b7y’ L, ZHUCEVAEU R ETi7a ik
FEZE 0 Cr AL %5 T0 MasCoe BLRALB 3 A ik, AT HH LTZ LB 2= an T B[152],

HP304/C 1%, 2mME G PR Rbm WS Lz~ 3 L2012, Fig. 6.8 TR TX91C
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IGSCC, TGSCC, JEMEAK I D 8 DO RE N BN T, ZO—EOMEFREDOZLICBEI L T
LT OEINCEET D, P BT LR Sk N L L;'ﬁﬁg{é%iﬁ{ilvw7b)%kéﬂ\ &l % O
FhE e R AL L, VPR RENMK T 352812725, 222 SSRT 12X 551 8R G 1 3 faf S, kr

WIZERNL N E AZNDEELIZ, C MEAINTWVDLIEND, BRIV AL, H{L%E
AT D217 D, BRIV TIE, RIS ICEK 5 Cr XZICEVt ALK L TRy, &
AT HIENI2D, REFUT RO 7 THY | L FE AR AR LB IR 2 | F Iz
IS DKL SR 5y ;%EPL%’?% M EPEOIR F LR L CERBRL R LR THILI107D, T2
DI 5y TR, EROERIZEL RIS NE P BN TLLEBICBEOTHROFRHNRAEL, &
S T ORE R CEBICHA L T2 81070D, TDEE RINTOT XYL\ o7 fE R N A To
JRFTH 725 . HDWEZE IS o THRET R G D %5 FE N LR WED 70 DS B S BE AL T v Y
VI INELUTEREOE R DR R NBRIN ~ZE DY | iFEEIERE IGSCC 225 TGSCC ~LER T 5
EEZ25ND, TGSCC IFA IR IS I TP RE DMK T L72 i Sk 2 o Bl L S Dtk R L7
LHBHND, HP304/C TiX, C IRINIC KAk C HRMD G & LVBIHE ThHho7-2e0 b
R MaPHA L 2 BT D8 E D72, TGSCC ~DOEBNHABICHNIZEALND, 725,
TGSCC DM JE (2 KWFRER 1 DFRAF W i A& 238D T 57280 . AR I 1A HE R CE 2RO m A% 12
STEBEE TREICETE B S EHNIEMEREL R LB 2 6D,

Fig. 6.28 |28 Kt 7112xt 325 TGSCC il i 3% 2 3Lk [57,70,132-135,138-140,142] & &3,
R, CIRMOB RABE T T 572012, C = 0.050%DIRIMEDT — X2 RN TT 2y
FLTWD, B KIS S35 550MPa Zii x5 TGSCC Off =388 L., £ 700MPa #t—7
12, TNEV K& KIE T TIE TGSCC i i 3 A L Cnd, C ORI, A B LA RS
. IGSCC fiii# TGSCC i ~BR SE L2 R 03H D, TS FoRL N CTOREAb 3 B A3
WA COBREEL EFEDoT-LEIZ TGSCC i ~ER T 55 2615, ik Kk /) T00MPa
YL E DAL LA BT, BUBHZ S WA E AT S TERY, IGSCC 50T TGSCC 233 AL,
DOPICHE R U A TR OFFEI A IR A A EAMERS TE P AEICE RN EAT
JEMERK 1 DO FNE 3G 572912 TGSCC M i R 23D LIcb D THY, IASCC B MEME T
L7=b DT nEE 2B,

6.3.3 Mo D%

HEA 5 6.7x102¢ n/m2 ® HP316[70,134-136]I23 T, IGSCC i i = 1% 0%(Fig. 6.24 &
FR) . BRI D o E R b o @i G4 X0/ EL<(Fig. 6.23 2 ), 30%LL E Ok E il OV R L
7= (Fig. 6.18 M), 3.5x1025 n/m2 £ TOMRE EOIIZEL 72, FE AL 2 LB,
IGSCC i FH 0%°5 60 %L EFTHINLZ, Fig. 6.29 (2 Mo &=IZ% 925 IGSCC fi i %
kA [70,98,184,135,138-143] £ EH 1273, Mo iIRMOFE AT, 304 & 316 A7 L Affi% Lt
L TITHONDDOBIEEAE THY, Mo & 0~2% D D F —Z 3727212, Mo & DN fE
9 TASCC EZMEDOEL N RHTONRKREETHD,

Kasahara 5[155]1%. BWR %7.0: T 2.5x1025 n/m2 £ CHRE L7=ATY 7 - F 2—7 D IASCC

ZHERBIZBWT, Mo = 0.2 wt%D WML TASCC E=Z %2 T IFADIZHEZTZEL TS,
IASCC #4ALALEVMAD, 304 A7 U L ATl 5x1024 n/m2 THHDIZKIL, 316 A7 L A4
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TIE 1x1025 n/m2 &SN THY[142,156], Mo OF ML IASCC Z##| T2 a2 A TH5L0HFR
RS — %) TH D, Busby 5[148]1%. 5.5 dpa DO FHRBEICE VT, Mo HmIMA & LEN—A
304 A4 IGSCC Ml i LA FR B THY , BWR BLEEER 55 7 COHEIIVESZ M~ Mo WMo
WENIIZEAE BN EL TVD, Z0HE . BWR EREOH M 7B & 7x1024 n/m?2 = 1 dpa
ELTHE 5L, 3.85 x1025 n/m2 (IZFH Y T 28X LIBE &R THY, RFELFEEOM M AR

TWa,

R 2 6.7x1024 n/m2 128175 HP316 @ TEM £ D R )5, Mo ORI, 77 78R
PN —T O RLEMEIL ., BRI L 2B S 7- L 25 5[70,1834-136], #1521, M4 &
3.5x1025 n/m2 (28175 HP316 ® TEM #£3°5, HP316 O 7 7 7RV — 7 O HE 1%
BLOEEE X, TN 10 nm BE 7.6x1022 m3 THY, HP304 ODZNOLFRFEE Tho7z
LHE LTS, £2, Mo IINZ LA HRNAL L — 7T B OIHIZ DV T, Mo A — S —H A XD
BRI ER LR THY, AHICEROOT G EER T2, ZAROT AGIZNT T ENR
(1531, $1k ok BE AME T L, A% R F S22 JL OB A IS k> TP 25 & S 2 7255 1 | #i5
NEIV—T DU LS LT EHERR L T D,

Fig. 6.30 (& 316 A7 v L AHIC BT 2+ M 7 B &% 3725 & O & STk il
[70,98,134,135,138-143] b1 §, HaS & 8x1024 n/m?2 L2 — 27 ZHPE 7 B & O
INTEBR2, RO LTWD, 72120, TORD RITEB L2 BE2F > Si oA L0
BN THD, Mo OWMITERN N —T R ZIHIL, AL EZESE 2R RHLLD D,
3.5x1025 n/m2 O MG & TiX, WEHUBEEEINL, HP304 LRIFEE OV — 7 O E
FEWZEELT2728012, Mo O RMBH KL, EW IASCC &2 AR LIEbDOEE ZBND,

6.3.4 P D%

6.7x1024 n/m2 FTH S L7- HP304/P[70,132,134]i28 T, IGSCC A i 135 20%(Fig.
6.24 Z M), BIRIS  OBIMbAL O G &L U CHREE (Fig. 6.23 28), i — O %8
IZBWTHZYLDTHh-o7-(Fig. 6.19 2 H), L2 L7es 5, 3.5x1025 n/m?2 £ CHEH &2 BN
H2IZh 2005 T | B & 6.7x1024 n/m2 O 6 &A% D IGSCC M ifi F 2R Lz, £z, B
H 3.5x1025 n/m2 CTLLEZL Chth o mfll 5 4 L bk LTl /oo IGSCC i £ 27~ L=, Fig.
6.31 1 (2%t 5 IGSCC it i % % SC ki [57,68,70,98,132,134,138-143] £ LB 12~ T, P =
0. 015%H BT, IGSCC i M /N eleoTHRY, LD P &R INT 201200,
IGSCC Eﬁzﬁbﬁé%iﬁébﬂbﬂ\éo

Fukuya 5i%, 5.3 x1024 n/m2 FTHMEFRE LM EHZB W T, P 20 NEEH12 TASCC
R MEDME T 92528[140], BE U He2t A4 D 0.4 dpa FRET P IRML7-E i E 304L 823
K IGSCC i F &+ Z&[157]1 25 L, P2 IASCC B ENCEBLI-0TlERd Tt HE ok
FARMT 23 H L7220 THAIEL TS, £, P ORIMIZIE AL 2L, 316 ZDAEICE
WTIE, P O&ZEFAIELDN TASCC EZ LK TIHLDOIZH RN THLEL TnD[141],
Swann[154]i%. 0.35%P Z#ML7= 20Cr-20Ni A7 L A4 TEM B £/5 P 0% Bk, i
J& R Ifa T R —ICE o TR ET ROEE T SELLUS DML OEREIC LD 2T D 2D
SHTNDLEHEL TD, 5.5 dpa D5 F# ST &7z 304 27 L ZAHAIC I\ T, BWR HE#E 5
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BHRTORNWEZEICKIZT P IRMOEE L ZLALEEBNZEAREINTNSH[148],
Tanaka 5[98]1%, 1.3x1025~2.1x1025 n/mzif%%bf_316L;<7/vxfﬂ BOWCT.PRED
HIMEEBIZTHNEERFOOT HENHAD T2HF1ES, IGSCC ik F L P R E ORIZIZH
TR N A D 720 T=Z e aHAE Lz, BWR 4700 T 2.5x1025 n/m2 FCHRE LIz AT 7 - F =
—7 ® TASCC J&3Z IR B ICB W T, P IREZ FIF 52T IASCC EEZMHIK FLzZ e
RENTVA[155], Chung H[146]1%, B FRTO P D INE L2 IGSCC A i L AN A
HZEHERLRLFRTO P DR 304 27 L 24D TASCC DA = AL TIERWELT-, 2Dk
NP DIRIIZHONWTIE, At AE. SOOI BEL ST SO ENR2ETRY ., RN

DOFCEENPFE LB LIZW, ZRUsxi L, RS 348 AT UL AEHIZIH W T, LR TO P D EAL
EOWIIEFLT Cr RZEDEMNTL2L0RENRHDH[147], Fo, MEDITNE, KBRS
DA~ 7 22T LK T O U-bend #ER D5 725, P < 0.003 wt%7>2> N < 0.08 wt%ET
X SCC BT, P = 0.003~0.010 wt% Tl N &4 BITKFL TEEELZIF. P > 0.010
wt% TlE N 8H ZIZ»0DOTENEELAINIRAZEEZREL TS, ZNHIEX, P IO
IASCC ~DORIFTHEOE LSV, HFTIHMITENOORBEELZ T, OLIIICEFH LT,
i BAIZITEE M LA WS D THHZEE R THHLD THD,

P 1Z Si LRIULK TV E =P AR GLFHE THDH0, Ni-P OIRA HH#T EL 5 2 B <9< [56], Si

A CRRRIC, NI S P S| X TORNOBE §52 810705720 JEHUE E MK FLI153], AKX
Moz b7y 7T DKM EBIND SR DT7 T 7 AR T EETCWDHELLND, ZORNTYTH)
RIZEY, EHOREGIRT 32720, ZILLMERWEELRROB T T4 — "= A XLHED
Cr OYLHHELIK T 552615, HP304/P & HP304/Si Tl BE LA FRFRE THY
(Fig. 6.3 33X Fig. 6.23 1), 3.5x1025 n/m2 TOHE /L —F OB ELRIFRELE ZLND,
WOz AU, HP304/P & HP304/Si THUR AL 23 FIFR EE 5V 23725, IGSCC il i = 12 B g 7
ZENRSIVTND, ZHUE, P & Si TR MICEWTERHY, P IRINEZ & TRWIRD I & M
IR FEERhoToE 2 06N5, Fig. 6.14 (2R T X912, HP304/P O AT “IREHDFE A
ZEDZRODOICH L, HP304/Si 13 R EHDFEA - TNDHIEE—ETIHHLDOTHD,

ARWFZEIZ BT L7 HP304/P 1%, Fe-Cr-Ni BL A ET AWM TR LML e EOEH
BEMOD T I T TR, MILHEONLDOREBEZ TIIWD  KFFSEIZHBITH P ORI
IASCC Eﬁﬁﬁ%ﬁﬁ/}éﬁéOD CHEDNERHLEbDEBE OGNS, T P ORI EN
0.02%F2 £ ThebiX, IASCC EZMEA T 2DICHIER L, 2Ll o PEHINL, Hild
DI DT FE EOH EAEMICL>TIASCC EZ A IMS 555,

6.3.5 S D

HP304/S ({28505 71 — O A i # % 6.7x1024 n/m2 T CTHE L7-8554(70,132,134] 05 —
ZLEH1T Fig. 6.20 1279, 6.7x1024 n/m2 O &IV, 5lIRHABRE SSRT ICX5)06 /) —
OT B A i3 5& SSRT CTOMONEIERERD 30%L FETIKTL, EREE COM
VO T RELNWZEN DD, RS & 6.7x1024 n/m? & 3.5x1025 n/m2 ® SSRT #Lb#i 5L,
HOMESIZIE FL, IGSCC B i R 288 L T 5(Fig. 6.23 2 #8), Fig. 6.32 12 S &% 15
IGSCC i K4 X #ikE[57,68,70,98,132,134,138-143] L L5127 T, S OTRMEN DV BETH-
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T, IGSCC fif i = IX BRI ML, & S BIZBWTEW IGSCC il F A2 /R T2ENL, S D
WX TASCC sz MEITx L TR & &l T & 5,

TG B 2.5x1025 n/m2 DALY 7+ F 2—7 D TASCC &2 MEREM s BR IC BV T, S ORI
TIASCC &3z A MSEHER 5TV D[155], FRE 2% 8x1024 n/m2, 9x1024 n/m2 BL W
2x1025 n/m2 EE N T 512, TGSCC HHTEH DN T IGSCC IRFTPEZ R T LEU S IR JE M3
ZIZE 0.008wt%, 0.004wt% B LN 0.002wt% LI+ 52 LE /R, SO FHLREIT Cr &
PMELS, N R E WG A ICHE T2 E ST 5[1389,145], £72, MnS ZXUHET 5
Z L ORAC IR EMETHY , BIKIFBREE TITF K FITEE L CLEIZENRFHIL T D [146],
Garner H[158]i%. AT L At D MnS 24—V =B A 0EH L, T+ A% I Mn 2
WAL, Fe BN TWAIEND, T HEHIZLY 55Mn—56Mn—56Fe ~EEAHLTHZLT
S BRI HEN LD TASCC O— R THAIEHERL TS, 20X S BHEETHIE
T EMEME T 525 13, RFFEE— BT MM EZRTHDOTHD,

SIET v H =P ARGTLRTHLZENS WHIR T LEEGERERRL TR SR - &L Tk
D, mIRAKEEEATHZET, SO FHDAF L EF L K~ SRR ToBIR 4 - i
BAEREL-EABNS, Fig. 6.1 @ HP304/S & HP304 D)) — O T HEEZ LT 5L,
HP304/S 1%, HP304 J:%{EE USRS 1B/ &N, T ED | Fig. 6.3 DS Z L5
& HP304/S & HP304 [XIZIER L THY, Iﬁ%%rﬁiﬁlﬁ%ﬂﬁfmﬂ\f:&ﬂﬁu%ﬁf‘%éo HP304/S i
RIS ’ié*iﬁﬁﬁ@%ﬁ’i“ Nz, S OWEHICEDBE RN EDMUIZZ & TR R CoEI L5
AL, FERERKOE J%%%Eéimﬁvﬂ\t iz, 43l ’ﬁﬂ(ﬁﬁiéuéﬁu ICEANERLT
RIENCESTebDEB X HiIVD, £, iR BL R A i L7456 . HP304/S O Z 7Bk f Ik
1 O JE A IGSCC, H i M EMEf i & 72> TV A(Fig. 6.7 és,ﬂi%)o W . 3.5x1025 n/m2 f& &
FTHRPSNIEZAT UL AEICE O T, EAITEH O 1 HD50T 2 BT E NS IGSCC A% AL,
NEBIZ T 5> CIGSCC 233 B 452 L TR O W i A AN L, B B AR T&dieno
X, ERHEEN EA LTI RE L2208 — I THD, 20X H 42 DORER
DM, OF Bl FE | BR BT S48 2k, TGSCC 2R L CHEMER I L7052 Eh 805, HP304/S T
1, BRI O JF PHIZR — k1 IGSCC % 2L, H g i oS M A 7 &7 > TR0 L Ak L7
EATEAN B A DT AW 72 45° 07 B ~DREIEZ > TORWIEMND | BB i 4 E H D38
HELTBEBROZIHPEREAEREBRDIELRAS R RGN TREL, &I EP&HS@%%
FHFE CIEM EE XL TN E s72bDERLND, D L7 R Z Il 57
ki S COMRPEDROFELLVE 7220 T LT RiT e, Fig. 6.13 12815, %ﬁ”ﬁ
O HE L, S 28 e HP304/S 311 HP304/A1l [Z3 W Tl B A i <, &AL
LT WIERnbhs,

LLEDZEND, S OIRIMNTKIR COMAEZK FSHH2L12k0 IASCC 2 A NSt s
NERSDELLIND, -, BE & 3.5x1025 n/m2 IZBWThH., O EIXIE L L0 o7z,

6.3.6 Ti D%
MU & 6.7x1024 n/m2 @ HP304/C/Ti OWF%2[70,132,133]123 T, IASCC &5 P (Fig.

6.24 M), WME (L (Fig. 6.23 2R)BL WS — 0T A28 (Fig. 6.17 8L Fig. 6.21 &
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B2 HP304/C OZNHEVLEHIHEIL TR, MUt & 3.5x1025 n/m2 (281725 HP304/C &
HP304/C/Ti 2B\ Th ., I ) — O F A8 (Fig. 6.2 Z2MR)BLOME (L OFEFE (Fig. 6.3 &
FOXIIER U CTH 7=, IGSCC i 1 £ D Z . HP304/C/Ti i HP304/C L0 K&/ EE 72 ~7273,
IGSCC+TGSCC DO i 38 T D LRI E ThHh-7-(Fig. 6.24 2 R), HP304/C &R & &1
INzEb 725 T IGSCC R E =R S HENL THRY, Ti O IO E L34 W L,

FE 5 6.7x1024 n/m2 (2B Tk, HP304/C & HP304/C/Ti D E#h 6, Ti O FRIMNIZ IASCC
HE AR BE 5 2720 ELT0S[T70], 2.5x1025 n/m2 FTREH LA F2—T 0
IASCC &=z VERFM BRI B\ T, Ti IO ENHMIZ AL -T2 LS TWbH[155],
5.5dpa D5 T HRRE TV T, 304 BLON 316 &4 ~D Ti L, IASCC Jf&sz M~ L7
WeELTWA[148],

IRHDZENS, FRE R 3.5 x1025 n/m2 (2B T, Ti DML IGSCC &z M4 nSw 5t
DD, TASCC ZFE)~KEREEL H 2 e oTz,

6.4 #EE

TIASCC = M RAZ T IR T DR BA T 572012, e R4 & 3.5x1025 n/m2 (E>1
MeV) £THHLEME 304 RBLV316 265 4% H T, DO=8ppm, 561K O & ik /K H T
SSRT #{T~7c, N—AL/pb@EMiE Fe-Cr-Ni A4~ Si, P, S, C. Ti 83X Mo ZH &b\
IEBEMADE TRMULZA 28-S L, BT B4 #% . SSRT 217272, TORERNL, B1H
METpo7o TASCC IR MEIC RIE T It FE OB AL TICEE T, Fig. 6.33 ICAKRBRICKITD
MEREEBREFLDTAXZTRT,

(1) Si OFEICED, B 6.7x1024 n/m2 IZB W THONTZHENL L — 7 DOFE FE O INZ28 2.
PR AR AL 2422 B d, B & 3.5x1025 n/m? TR OO T, N—A5&LD
HP304 L[FA% O MUIR LI IO IASCC B AR L Tlh, IUR B OB I W EA7 L —
TOEBEELIEIML, Si OB ALEIEH T ESHE K LIZEALND,

(2) C oFEMIcEy, BEELEZBE T8 R BLO IGSCC % TGSCC il fi ~EBSH5
HRDPBO O, ZAUE, C BINEHDZE LIRS BE L LT D728 1S5 di R N C O i b 3
DIE SRR CORE R E A EEY RN TORPTZRER R ELC T TGSCC ~EBLIEbD L
E 2o,

(3) Mo OIRMICEY ., PR & 6.7x1024 n/m2 [ZB Wi, FRGH L L OV TASCC &z 2 il
TOHMENBONTZH, G & 3.5x1025 n/m? Tlx+ 2372 Gk & & TASCC J& Az 3R
&, Mo WO ENRD LN o7, ik A EOBEINCEL i, HEHUBE RS
HINU ., 500V — 7 OB ED N U2 72012, BATRE LA IHT5 Mo OZEMWHERL, &
WIASCC EZMa R LIzbDEE 26D,

(4) M5 E 3.5x1025 n/m2 D P RMMIZB VT, BEELIZROONZLDD, IASCC K%M
LS & 6.7x1024 n/m2 DA LIZITF % THY, BT EOEINICEE 729 IASCC &2 D
INERD BAVRI ST, N—ALRDE BB O EIRMTHELZE ET, WINED 0.02%F i
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FTTHIT, P OB TASCC B a2 SEH L DEHLLND,

(5) S OIFIME, KA TOMBIEEZE FTSEHZEICED, IASCC EZ A NS T2 13 H D
EHHND, BE B 3.5x1025 n/m2 IZB W TH, TORRIFIE K LR -7,

(6) Ti DU, IGSCC EZ A IMSE 5T E | IASCC B~ KEREELE 5 2 lenoTz,
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Table 6.1 Results of SSRT after neutron irradiation to 3.5 x 1025 n/m?2 (E>1 MeV)

Yield [{cle;crllzliélte Uniform Fracture Fraction Fra;:;lon
Alloy-ID strength strenoth elongation | elongation | of IGSCC TGSCC
(MPa) (Mpi) (%) (%) (%) o
0
HP304 584 584 0.04 9.0 81.9 0
HP304/S1 704 710 0.11 7.0 91.2 0
HP304/P 634 654 0.06 9.9 14.9 0.4
HP304/S 540 540 0.09 4.6 85.6 0
HP304/C 837 860 0.44 4.5 31.0 38.4
HP304/C/T1 780 850 0.43 5.8 62.3 10.1
HP304/A11 656 718 0.88 2.8 59.5 0
HP316 613 622 0.52 6.7 67.0 17.9
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1000 ;
i ! Fluence:3.5x10%° n/m?
i l Irradiation Temp.:543 K
i | Test Temp.:561 K
800 | 1
i HP304/Si
‘© 600 | )
Qa i | HP304/P
= | /
n i |
0 i
o
n 400 ANy
i | HP304
200 (| A
i -\ HP316
HP304/S ‘
O ! ! ! |
0 5 10 15

Strain (%)

Fig. 6.1 Stress-strain curves in alloys without C in high purity alloys irradiated to a

neutron fluence of 3.5x1025 n/m?
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1000 ; ‘
i | Fluence:3.5x10?° n/m?
| | Irradiation Temp.: 543 K
i HP304/§; | Test Temp.: 561 K
800 [ // W\ T SRR e ERRRRETEES
: ~HP304/C/Ti
T 600 [ A
Q l l
= I | |
7)) i : |
w |
o | J |
= 400 F---ff----t---H- - R ——
@ i HP304/All | 3
200 |f- e SRR

Strain (%)

Fig. 6.2 Stress-strain curves in alloys with C in high purity alloys irradiated to a

neutron fluence of 3.5x1025 n/m?
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G unirradiated
irradiated

400

> 100 |-

HP304/C HP304/C/Ti HP304/All HP316

HP304/P HP304/S

HP304/Si

HP304

Alloy-ID

Fig. 6.3 Hardness in high purity type 304 and 316 alloys irradiated to a neutron

fluence of 3.5x1025 n/m?2
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| liGscc
- |_|Ductile

Fig. 6.4 Direct and SEM examinations of HP304 irradiated to a neutron fluence of 3.5
x1025 n/m2: (a) direct observation, (b) whole fracture surface, (¢) schematic
drawing of (b), and (d) and (e) high magnification of (b)
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B IGSCC
Ductile

Fig. 6.5 Direct and SEM examinations of HP304/Si irradiated to a neutron fluence of
3.5x1025 n/m2: (a) direct observation, (b) whole fracture surface, (c) schematic

drawing of (b), and (d) and (e) high magnification of (b)

— 121 —



JAEA-Review 2008-064

Fig. 6.6 Direct and SEM examinations of HP304/P irradiated to a neutron fluence of
3.5x1025 n/m2: (a) direct observation, (b) whole fracture surface, (¢c) schematic
drawing of (b), and (d) and (e) high magnification of (b)
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B IGSCC
Ductile

i A

Fig. 6.7 Direct and SEM
3.5x1025 n/m2: (a) direct observation, (b) whole fracture surface, (¢c) schematic
drawing of (b), and (d) and (e) high magnification of (b)

examinations of HP304/S irradiated to a neutron fluence of
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IGSCC
TGSCC

| |Ductile

Fig. 6.8 Direct and SEM examinations of HP304/C irradiated to a neutron fluence of
3.5x1025 n/m2: (a) direct observation, (b) whole fracture surface, (c) schematic

drawing of (b), and (d) and (e) high magnification of (b)
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IGSCC
TGSCC

|_|Ductile

Fig. 6.9 Direct and SEM examinations of HP304/C/Ti irradiated to a neutron fluence of
3.5x1025 n/m2: (a) direct observation, (b) whole fracture surface, (¢) schematic
drawing of (b), and (d) and (e) high magnification of (b)
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B IGSCC
Ductile

Fig. 6.10 Direct and SEM examinations of HP304/All irradiated to a neutron fluence of
3.5x1025 n/m2: (a) direct observation, (b) whole fracture surface, (c) schematic
drawing of (b), and (d) and (e) high magnification of (b)
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Fig. 6.11 Direct and SEM examinations of HP316 irradiated to a neutron fluence of 3.5
x1025 n/m2: (a) direct observation, (b) whole fracture surface, (¢c) schematic
drawing of (b), and (d) and (e) high magnification of (b)
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Fig. 6.14 SEM examination of gage length in high purity type 304 and 316 alloys
irradiated to neutron fluences of 6.7x1024 n/m2 and 3.5x1025 n/m?2: (a) HP304,

(b) HP304/Si, (¢) HP304/P, (d) HP304/S, (e) HP304/C, (f) HP304/C/Ti, (g)
HP304/All, and (h) HP316
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- HP304 | | | |
- SSRT/Irradiated to i i i i
| 3.5x10%°n/m? (This study) | | | |
A S A ]
3 | | Tensile/Irradiated to
[ | / 6.7x10%*n/m? [Tsukada et al.]
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- ! ! ' [Tsukada et al.]
L~ _\__\___ SSRT/Irradiated to Ao B
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[Tsukada et al.] l l |
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Fig. 6.15 Stress-strain curves in irradiated HP304[70,132]
' HP304/Si 1 | | |
" SSRT/Irradiated to 3.5x10°°n/m® | : ]
| (This study) S S B
I | SSRT/Irradiated to 6.7x10**n/m? |
| [Tsukada et al.] |
i | Tensile/Irradiated to |
| 6.7x10**n/m* [Tsukada et al.]
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Fig. 6.16 Stress-strain curves in irradiated HP304/Si[70,132]
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Fig. 6.17 Stress-strain curves in irradiated HP304/C[70,132]

SSRT/Irradiated to 3.5x10%°n/m?
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Fig. 6.18 Stress-strain curves in irradiated HP316[132,135]
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Fig. 6.19 Stress-strain curves in irradiated HP304/P [70,132]
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Fig. 6.20 Stress-strain curves in irradiated HP304/S[70,132]

— 132 —



1000

800

400

Stress (MPa)

1000

800

Stress (MPa)
N
3

200 |/

600 |- |

200 |

JAEA-Review 2008-064

'HP304/C/Ti

/SSRT/Irradiated to 3.5x10%°n/m?
(This study)

«— Tensile/Irradiated to 6.7x10%*n/m?
_ [Tsukada et al.]

I I R e Tensile/Unirradiated - ->-----------
" [Tsukada et al.]

SSRT/Irradiated to 6.7x10%*n/m?
« [Tsukada et al.]

Strain (%)

Fig. 6.21 Stress-strain curves in irradiated HP304/C/Ti [70,132]

0 10 20 30 40 50 60

HP304/All

| SSRT/Irradiated to 3.5x10%°n/m?

[Tsukada et al.]

i (This study) Tensile/Irradiated to 6.7x10%n/m? ~—~ =~ T

777777777777777777777777777777 I Tensile/Unirradiated
| i [Tsukada et al.]
77777777 .| SSRT/Irradiated to 6.7x10%*n/m*> | |
" | [Tsukada et al ] | |
1 ! 1 1
0 10 20 30 40 50

Strain (%)

Fig. 6.22 Stress-strain curves in irradiated HP304/Al11[70,132]

— 133 —



JAEA-Review 2008-064

600

(=]
o ! < m
5 : e e . T
8 P~y . T R N e - Z
% S 2| OUl,TUOUO,UOUOG e §
- 5 g A S — L o
&PB&MN T i et WT.”._.:._.“,.”.”.”._.___.”.,U.”.”._._.___._,.“.”.”.”._._n/,,mm T
33333330 & EE —— — — 15
PR RReR 2 3 F2/ 7 ZMIT7TIH5;:)|HTETNY 2 5
u_n u_n u_n u_n u_n u_n u_n u_n ¢ ‘.I. W m ” - L ,ﬁ, ........................ ©
ddtidé«ami# w = g 0 ” ﬁ.“.x._._._._._.“.”.”.”._._._._.“.”.”._.”w%,m *
L S © — T demmmnnnoeees beseeeeeeoe deeemnnnoood ommmeeeeees o
: ” N o= m £ T T TN o g
, , AT = ” ” ” ............. 4 vvvvvvvvvvvvv ™
/ m m 2m, w m m [T R SRS RS N M W N
W\ | o = < 5 | [ et Tt - -
NN | LT £828 _OEEOOOOOOrEE-. mm >
TR ” X 9 o7 v ” ” ” ®» =
b W mmm O R
N I R Aommennoeeeo bosseooneaos rooonnneass e _a
N T £% | | | I\
AL £ 23 | ” ” N
NANE! 3 = = o | ” Y 3 T
NI A / ,/, Z -~ « O T E,. ............ k, ............. ,r ............ F, ............ M N
| ///// /7/7/ = = _” ..... — | | o
OO = o ” SESES \\\\\\\\\EEE
| ////////_;/4»/ —~ e T I Rt [ Ammmsmmmmmees Fommmmmessees Tommmmmmmes c
| VA B 20 m OI8O HEITROTE:|j . e g
o o o - % 0] | S S [ [ o
? ] T 5 N RN\
.V.H.. ﬂ | | | |
0 S 2 3 Q & e
- (%) OOS 40 uonoe.
8

— 134 —

Fig. 6.24 Fraction of SCC in high purity type 304 and 316 alloys irradiated to neutron
fluences of 6.7x1024 n/m2 and 3.5x1025 n/m2[70,132-135]
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Fig. 6.25 Comparison of fraction of IGSCC in HP304 and HP304/Si alloys with
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Fig. 6.26 Comparison of total elongation in HP304 and HP304/Si alloys with literature
data as a function of neutron fluence[57,70,132-135,138-140, 142]
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Fig. 6.28 Comparison of fraction of TGSCC in HP304 and HP304/C alloys with
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Fig. 6.31 Comparison of fraction of IGSCC in HP304 and HP304/P alloys with
literature data as a function of silicon concentration[57,68,70,98,132,134,
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Fig. 6.32 Comparison of fraction of IGSCC in HP304 and HP304/S alloys with
literature data as a function of sulfur concentration[57,68,70,98,132,134,
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Table 7.1 Summary of failed specimens in the crack initiation study

Total time to | Ratio of yield | Time to failure
Specimen failure from | strength  applied after the final | Fraction of | Reduction
ID test start | to the specimens | increasing in | IGSCC (%) | in are (%)
(hrs) prior to failure (%) stress (hrs)
27 1102 From 70 to 78 (1102) 37.8 40.3
24 6070 From 77 to 83 50 12.4 50.2
22 9633 From 83 to 92 87 16.2 28.5
30 9692 From 84 to 93 146 18.5 48.1
29 10098 From 84 to 93 552 21.6 45.8
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Fig. 7.1 Example of LVDT signals detected in specimen failure: (a) time to failure
from test start and (b) detail of failure detection
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Fig. 7.2 An example of SEM examination of specimens failed in the crack
initiation study: (a) failed gage length, (b) whole fracture surface, (c)
schematic illustration of (b), and (d) high magnification of IGSCC
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of time to failure[120]

100 l—a
- BWR environments m
I DO=5-32 ppm, Temp.=250-290°C
80 M . Irradiated 304L, in-core, -
H dpa=11.4 (this study) |
a . Irradiated 304&316, out-of-pile, | .
o dpa=0.7-20 (Katsura et al.) |
S |
T 60 b T" 777777777777777777777777
@) - LI
@) - ‘
8 - l
40 f-- g
a | .
X [ |
20 | 3 )
I o ®
i o
0 T | \\\\\\} Lol I
1 10 100 1000 10000

Time to failure (hours)
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