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  SCC
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3-8

X-750 SCC

1

SCC

10

10

3-9

2-3

1100MWe 1mm 10mm

3-9-1

80% 40mm

20

80%

20
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NWC

HWC

80%

HWC
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80%







SCC

SUS304 SUS316

304 316

SUS304

SCC C 0.03% SUS304L

SUS316L C

N 0.1%

304 316 A-1

10 SUS304

SUS304L

SUS316L A-1

SUS304 SCC

Cr A-2

SUS304 SCC

285 8ppm 1.35 y

( =159 ) 304 (100A)

(SUS304L 316L)

3000 A-3

(SUS304L 316L) SUS304 SCC

SUS304 SUS316L SCC

A-4 SUS316L

HAZ SCC

A-5

SCC

A-6

SUS304 SCC

A-7 NWC 0.2 S/cm 150mVSHE



HWC 0.2 S/cm 200mVSHE

SUS304L SUS316L SUS304

A-8

SUS304 SUS316 IASCC 1 1025n/m2

E 1MeV A-9

A-1

BWR Vol.34 No.10 pp.113-126 (1983). 



50 m

(a) SUS304 
( 0.06%)

50 m50 m

(c) SUS316L(b) SUS304L
( 0.010%)0.017% )

A-1 10% 620
24h

BWR IGSCC
12 9 .



P Precipitate Cr23C6

A-2 SUS304 620 24h TEM

N.Saito, Y.Tsuchiya, F.Kano, N.Tanaka, Variation of Slow Strain Rate Test Fracture  
Mode of Type 304L Stainless Steel in 288  Water, Corrosion, Vol.56. No.1, pp.57-69  
(2000).



% 285 0.2% kgf/mm2

A-3 SCC
1.35 y =159
285 8ppm 

( 100A)

( ) ( )
 ( 59 )



A-4 CBB SCC
1 288 8ppm

M. Tsubota, Y.Kanazawa, H.Inoue, “Effect of Cold Work on the SCC Susceptibility of 
Austenitic Stainless Steels” Proceedings of 7th International Symposium on 
Environmental Degradation of Materials in Nuclear Power Systems-Water 
Reactors,Vol.1(1995) 519-527 



A-5 SUS316L SCC

S.Ooki, Y.Tanaka, K.Takamori, S.Suzuki, S.Tanaka, Y.Saito, T.Nakamura, T.Kato, 
K.Chatani, M.Kodama, “Study on SCC Growth Behavior of BWR Core Shroud” 
Proceedings of the 12th International Conference on Environmental Degradation of 
Materials in Nuclear Power Systems-Water Reactors-, 2005, 365-376 



A-6 CBB
SCC



A-7(1) SSRT SUS304 620 24h IGSCC

280 288 O2 440ppb H2O2=0~570ppb H2=0 150ppb
0.1 S/cm 0.3 S/cm

N.Saito, E.Kikuchi, H.Sakamoto, J.Kuniya, S.Suzuki, Susceptibility of Sensitized 
Type 304 Stainless Steel to Intergranular Stress Corrosion Craking in Simulated 
Boiling-Water Reactor Environments, Corrosion, Vol.53, No.7, pp.537-545 (1997). 



A-7(2) SUS304 620 24h

288 O2 440ppb H2O2=0~570ppb H2=14 150ppb
=0.1 S/cm 0.3 S/cm

E.Kikuchi, M.Itow, J.Kuniya, H.Sakamoto, M.Yamamoto, A.Sudo, S.Suzuki, 
M.Kitamura, Intergranular Stress Corrosion Crack Growth of Type 304 Stainless 
Steel  in a Simulated Boiling-Water Reactor Environment, Corrosion, Vol.53, No.4, 
pp.306-311 (1997). 



A-8(1) SUS304 SCC
0.2 S/cm 150mVSHE

18) M.Itow et al.,“SCC Crack Growth Rates of Type 304 Stainless Steel at  
High K Region in Simulated BWR Environment, CORROSION 2000, Paper 00221. 

19) BWR IGSCC
12 9



A-8(2) SCC
0.2 S/cm 150mVSHE

19) BWR IGSCC
12 9



A-8(3) SUS304 SCC
0.2 S/cm 200mVSHE

10) E.Kikuchi et al,“Intergranular Stress Corrosion Crack Growth of Sensitized Type   
   304 Stainless Steel in a Simulated Boiling-Water Reactor Environment,”Corrosion    
   Vol.53, No.4, pp.307-311 (1997).  
11) L.Lungberg,“BWR Water Chemistry Impurity Studies, Volume 3: Fracture   
   Mechanics Studies,”EPRI NP-6773-SD (March, 1990). 
12) A.Sudo and M.Itow,“SCC Propagation of Sensitized Materials in BWR 

Environment,” Proc. of the International Symposium on Plant Aging and Life 
Predictions of Corrodible Structures, pp.903-908, May 15-18, 1995, Sapporo, 
Japan.

13) BWR
9 3

14) BWR
7 3



A-8(4) SCC
0.2 S/cm 200mVSHE

22)
    12 3



A-9 SSRT SUS304 SUS316 IGSCC

288 O2 0.02 32ppm 0.1 S/cm

M.Kodama, R.Katsura, J.Morisawa, S.Nishimura, S.Suzuki, K.Asano, K.Fukuya, 
K.Nakata, IASCC Susceptibility of Austenitic Stainless Steels Irradiated to High 
Neutron Fluence,  Proc. of 6th Int. Symposium on Environmental Degradation of 
Materials in Nuclear Power Systems-Water Reactors, TMS, 1993, pp.583-588. 

A-9
Ref.1:W.L.Clarke , A,J.Jacobs, Proc. of 1st Int. Symposium. on Environmental  

Degradation of  Materials in Nuclear Power Systems-Water Reactors, NACE, 
1983, pp.451-461.

Ref.3:A.J.Jacobs, G.P.Wozaldo, K.Nakata, T.Yoshida, I.Masaoka, Proc. of 3rd Int.  
Symposium on Environmental Degradation of Materials in Nuclear Power 
Systems-Water Reactors, TMS, 1987, pp.673-680. 

Ref.8:M.Kodama, S.Nishimura, J.Morisawa, S.Suzuki, S.Shima, M.Yamamoto, Proc. of 
5th International Symposium on Environmental Degradation of Materials in 
Nuclear Power Systems-Water Reactors, ANS, 1991, pp.948-954. 



XM-19

XM-19 ASME Type XM-19

SUS304 Cr Ni

Mo Mn Nb V

CRD

A-2

A-3

A-2  XM-19 ASME SA-479 / SA-479M Type XM-19
wt.%

C Mn P S Si Cr Ni N Mo Cb V 

0.06 
4.0

6.0 
0.045 0.030 1.00

 20.5

23.5

11.5

13.5

0.20

0.40

1.50

3.00

0.10

0.30 

0.10

0.30 

A-3  XM-19 JSME SNC1-2001 MPa

MPa MPa
300

XM-19 GXM1  689 380 260 

SUS304 520 205 127 

SUS316 520 205 131 

SUS316L 480 175 105 

A-10 XM-19 SUS304

M-19 2

A-11 XM-19 288 SCC

SUS304 1065 582 48

932 IGSCC

XM-19 10,000

SCC



A-10 XM-19 ASTM A262E

J.N. Kass et al., “Stress Corrosion Resistance of 
XM-19”, CORROSION NACE Vol.35, No. , June, 
1979.

288

1%

A-11 XM-19 SCC

J.N. Kass et al., “Stress Corrosion Resistance of 
XM-19”, CORROSION NACE Vol.35, No. , June, 
1979.
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10 1 ( A-21)  
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a) Alloy182                   b) Alloy600 HAZ 

75 m 75 m

A-12 Alloy182/600 SCC SEM 

A-13 Alloy182/600
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A-15 Alloy182



A-4

A-5 SCC



A-16 Alloy82 182 SCC

A-17 Alloy600HAZ SCC

288 8 ppmO2
UCL 2.5Sm

Alloy182/600
W+PWHT+LTA

Alloy182/600
W+LTA

Alloy82
W+LTA

Alloy182
W+PWHT+LTA

Alloy82 5
Alloy182/600 W+LTA

Alloy182 30
Alloy182/600 W+PWHT+LTA

LTA 500 24Hr

PWHT 600 24Hrk = 4.56 10-4 Hr-1

k = 2.711 10-4 Hr-1

t0 =  9.1 10+1 Hr

t0 =  9.42 10+2 Hr

288 8 ppmO2
UCL 2.5Sm

Alloy182/600
W+PWHT+LTA

Alloy182/600
W+LTA

Alloy82
W+LTA

Alloy182
W+PWHT+LTA

Alloy82 5
Alloy182/600 W+LTA

Alloy182 30
Alloy182/600 W+PWHT+LTA

Alloy82 5
Alloy182/600 W+LTA

Alloy182 30
Alloy182/600 W+PWHT+LTA

LTA 500 24Hr

PWHT 600 24Hrk = 4.56 10-4 Hr-1

k = 2.711 10-4 Hr-1

t0 =  9.1 10+1 Hr

t0 =  9.42 10+2 Hr

288 8 ppmO2
2.5Sm

Alloy600HAZ*

Alloy600HAZ**Alloy600HAZ*

*  : W+PWHT+LTA
**: W+PWHT

Alloy600HAZ W+PWHT+LTA
SCC

Alloy600HAZ W+PWHT+LTA
4

Alloy600HAZ W+PWHT
5

LTA 500 24Hr

PWHT 600 24Hrk = 4.42 10-4 Hr-1

t0 =  6.33 10+2 Hr

288 8 ppmO2
2.5Sm

Alloy600HAZ*

Alloy600HAZ**Alloy600HAZ*

*  : W+PWHT+LTA
**: W+PWHT

Alloy600HAZ W+PWHT+LTA
SCC

Alloy600HAZ W+PWHT+LTA
4

Alloy600HAZ W+PWHT
5

Alloy600HAZ W+PWHT+LTA
SCC

Alloy600HAZ W+PWHT+LTA
4

Alloy600HAZ W+PWHT
5

LTA 500 24Hr

PWHT 600 24Hrk = 4.42 10-4 Hr-1

t0 =  6.33 10+2 Hr



A-18 Alloy182 SCC

182 SCC

45 (1998.8)pp.271-272.
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A-19 BWR 182 82 SCC

,
8 288 2 36ppmO ,

0.2
A 182 PWHT, 288 250ppbO2,

0.1 S/cm
B 182, AW, 288 250ppbO ,

0.1 S/cm
182, P

0.1 S/cm
182, AW&PWHT, 288 > 250ppbO2 >50mV,

<0.3 S/cm
82,  AW, 288 150 610ppbO2,

0.06 0.45 S/cm
82, PWHT+LTA, 288 NWC,

1 2, PWHT, 1 2
S/cm (

,

2

WHT+LTA, 288 NWC,ECP170 220mV,



A-20 Alloy182 SCC

M.Itow, Y.Abe, H.Sakamoto, S.Hida, K.Takamori, S.Suzuki, The Effect of Corrosi

Potential on Alloy 182 Crack Growth Rate in High Temperature Water,  Proc. of 8th 

Int. Symposium on Environmental Degradation of Materials in Nuclear Pow

on

er 

ystems-Water Reactors, Amelia Island, USA, pp.712-719 (1997). S



A-21

995).

Alloy182 SCC

L.G.Ljungberg M.Stigenberg, K.Gott, U.Morin, J.L.Nelson, B.Bengtsson and 

C.Jansson, Propagation of Stress Corrosion Cracking in Weld Structures of the 

Nickel-Base Alloy182, Proceedings of the International Symposium on Plant Aging 

and Life Predictions of Corrodible Structures, Japan, pp.911-920 (1



X-750 

X-750 JIS NCF750

Ni

A-6

X-750 SCC

A-22

X-750 SCC SCC

A-23

700 20

A-24

SCC A-25

SCC

A-26

A-6 X-750
wt.%

C Si Mn P S Ni Cr Fe Mo Cu Al Ti Nb+Ta

0.08 0.50 1.00 0.030 0.015 70.00
14.00

17.00

5.00

9.00
0.50

0.40

1.00 

2.25

2.75 

0.70 

1.20 



1994

A-23 X-750 SCC

K. Hattori et al., “Effect of Chloride on the Stress 
Corrosion Cracking Susceptibility of Inconel X-750 
in High-Temperature Water”, CORROSION NACE, 
Vol.42(1986)531.

Ref.(1) : S.Hattori, “Stress Corrosion Cracking of Age-Hardenable  

Nickel Base Alloy in High Temperature Water” American  

Nuclear Society Annual Meeting, Miami, Florida, P.7, 1981.

A-22 X-750 SCC

CBB
m O2 0h 288 8pp 50



n SCC Susceptibility of 

8)73.

A-25 X-750

33

A-24 X-750

M. Tsubota et al., “Study o
Inconel X-750 in Hihi-Temperature Pure Water: 
Effects of Aging Temperature and Time.”, 
CORROSION NACE, Vol.44(198

SCC

86(1984).



A-26 X-750

THE CRACK 
INITIATION TIME OF THE ALLOYS USED IN 
HIGH TEMPERATURE”, CORROSION NACE, 

UCL
288 80kgf/cm2 8ppm O2

SCC 288

M. Tsubota et al., “PREDICTION OF 

Vol.35, No. , June, 1994. 



IASCC

IASCC

BWR

1100MWe

IASCC

IASCC

B-1

BWR SSRT (1) SCC IGSCC

SUS304 5 1024n/m2 SUS316

1 1025n/m2

1100MWe (DOT 3.5)

(E>1MeV)

B-1 80%

B-1

(n/m2 s) 5 1024(n/m2) 60
(n/m2)

IASCC

H1 9.60 1013 2.06 103 1.45 1023

H2 2.90 1014 6.83 102 4.39 1023

H3 3.70 1015 53.6 5.60 1024

H4 1.00 1016 19.8 1.51 1025

H6a 2.90 1013 6.83 103 4.39 1022

H6b 6.30 1012 3.15 104 9.54 1021

H7 6.20 107 3.20 109 9.39 1016



H4 IASCC

H4 60 IASCC

( )

(1) M.Kodama, R.Katsura, J.Morisawa, S.Nishimura, S.Suzuki, K.Asano, K.Fukuya, 

K.Nakata, IASCC Susceptibility of Austenitic Stainless Steels Irradiated to High 

Neutron Fluence,  Proc. of 6th Int. Symposium on Environmental Degradation of 

Materials in Nuclear Power Systems-Water Reactors, TMS, 1993, pp.583-588. 



B-1 IGSCC

B-1

Ref.1:W.L.Clarke, A,J.Jacobs, Proc. of 1st Int. Symposium on Environmental  

Degradation of Materials in Nuclear Power Systems-Water Reactors, NACE, 1983,

pp.451-461. 

Ref.3:A.J.Jacobs, G.P.Wozaldo, K.Nakata, T.Yoshida, I.Masaoka, Proc. of 3rd Int.  

Symposium on Environmental Degradation of Materials in Nuclear Power 

Systems-Water Reactors, TMS, 1987, pp.673-680. 

Ref.8:M.Kodama, S.Nishimura, J.Morisawa, S.Suzuki, S.Shima, M.Yamamoto,  

Proc. of 5th International Symposium on Environmental Degradation of Materials 

in Nuclear Power Systems-Water Reactors, ANS, 1991, pp.948-954. 



C.

C.
(1)

KW

(2)
C-3

(3)

(4)

. J
m sec



(4)

(3)

(2)

(1)
C.

C-13

C-12
t1 (t3-t2) t2 20%

C-10

C-11

C-8
C-9 C-9

a.
(5)

-6 -7 7a

b

-



12 1994 563



a



b



a

a ( )



b ( )
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b. 12 1994 563

-



2 30
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a

-400.0
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190.5 11

40

75
0

30
0

76
.2

4432.3

40

C-

C-



11

0 32



C-13a



C-13



182 

SCC

1.

SCC

2.

SCC

D-1

JSME JSME S NA1-2000

ASME Code Sec.XI App.C C3220

App.C C-3220

ASME

ASME NRC NUREG-0313 Rev.2 SKIFS

NRC NUREG-0313 Rev.2 D-1 K 10ksi in

11MPa m 28.5ksi in 31.3MPa m

SKIFS D-2

BWRVIP

SCC SCC

SCC

SUS304

SUS304L SUS316L 316NG

 JSME SCC SUS304



NUREG-0313 Rev.2 Jansson Morin Jones Molander

Janssen Molander Kikuchi Lungberg Sudo BWR

NRC NUREG-0313 Rev.2 Horn

Sec.XI Task Group NRC NUREG-0313 Rev.2

Type 304 0.5

1 S/cm 0.2 8ppm 288 10ksi in

62ksi in

BWR 0.2 S/cm

SKIFS Morin Jansson

Jansson Morin

Itow SUS304 SCC

(PLEX 60 8 )

D-3 SUS304

SUS304L SUS316L 316NG SCC

Ford Ford

NUREG-0313Rev.2 SCC
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                 da/dt 1.43 10-10K2.161 3.4 K 57.9  (4) 
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               da/dt 9.2 10-7 K 57.9                (6) 

    (ii)
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C=1.14 10-13 ln( ) 4.98 10-12        (18)
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C=6.59 10-13                          (19) 

         da/dt mm/s K MPa m
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2.1
(1)
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(2)

BWR 1100MWe

(3)
-1
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(b)

 (c) 
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a

(2)

(3) V7
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(5)

(6)
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(8)

a

(9)
a
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(10)

3.1



(1)
(a)H4
(b) (R) (t) (R/t) 50 50mm

(2)
(1) Brown

Slowley(1)

     K= a FI( )
    =
          FI( ) 1.12 0.231 +10.55 2 21.72 3 30.39 4

(3)
(a) S2
(b) S2 F
(c)
(c) (4) PLEX KIC

1.5 1025n/m2

 (4)
PLEX( ) KIC

43.2MPa m( 2.7 1025n/m2)

3.2 .
KIC=43.2MPa m

S2 1.5
45% ( 23mm)      

5 1024n/m2

H4 B 20
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H-4 -B 20

( )
(1) W.R.Brown,Jr.andJ.E.Slawley Plane Strain Fracture Toughness Testing of High  

Strength Metallic Materials, ASTM STP 410 ,1966,p.12. 
(2)( ) 6

7 3 .
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0.245(2)

745 14711 102974 
(1)
(2)

MPa
=2.3Sm
(MPa)

(MPa) (MPa)
E/1000

20 118 271.4 195000 195 
75 115 264.5 191000 191 

100 115 264.5 190000 190 
150 115 264.5 186000 186 
200 108 248.4 183000 183 
225 104 239.2 180000 180 
250 101 232.3 178000 178 
275 98 225.4 177000 177 
300 95 218.5 176000 176 
325 92 211.6 174000 174 
350 90 207.0 173000 173 
375 88 202.4 171000 171 
400 87 200.1 169000 169 
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425 85 195.5 167000 167 
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0.25m,0.5m

(a)
0.25m,0.5m







J.1-1

Rt0.3

J.1-2

kN kN (kN m) Pa
1880
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150 115 264.5 186000 186 
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225 104 239.2 180000 180 
250 101 232.3 178000 178 
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375 88 202.4 171000 171 
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SUS316L
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3.1

3.2
(1)

(2) (1)

3.3

3.4
   SCC

(1) 5 1024n/m2

 (a) 0.2 S/cm ECP 150mVSHE
(i) SUS304

                   da/dt 1.43 10-10K2.161 3.4 K 57.9        (1) 
                   da/dt 2.0 10-9 K 3.4                 (2) 

               da/dt 9.2 10-7 K 57.9                    (3) 

       (ii)
                   da/dt 3.33 10-11K2.161 6.7 K 57.9         (4) 

               da/dt 2.0 10-9 K 6.7                   (5) 
               da/dt 2.1 10-7 K 57.9                    (6) 

da/dt mm/s K MPa m

SCC J.3-1

(b) 0.2 S/cm ECP 200mVSHE
(i) SUS304

                   da/dt 7.94 10-12 K2.161 12.9 K 57.9        (7) 
                   da/dt 2.0 10-9 K 12.9                   (8) 

               da/dt 5.1 10-8 K 57.9   (9) 



(ii)
da/dt 3.33 10-12K2.161 19.3 K 57.9        (10) 

               da/dt 2.0 10-9 K 19.3 (11)  
               da/dt 2.1 10-8 K 57.9                     (12) 

da/dt mm/s K MPa m

SCC J.3-2

(2) 5 1024n/m2

SUS304
  da/dt=7.8 10-2n3.6(CK4)n (13)

        n

        C
(i) 1.4 1023n/m2

C=4.1 10-14 

(ii) 1.4 1023n/m2 3 1025(n/m2)
C=1.14 10-13 ln( ) 4.98 10-12

(iii) 3 1025n/m2

C=6.59 10-13

da/dt mm/s K MPa m

(3) 182 SCC ( )
da/dt 3 10-15K5.186 13.3 K 50.3            (14) 

              da/dt 2.0 10-9 K 13.3 (15)  
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da/dt mm/s K MPa m
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