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4-1 HWC SCC 1/3
HWC SUS304 SCC (dasdt [m/s] K [MPav ])
da/dt = 2.00E-12 K 34
50 da/dt= 000E+00 + 143E-13 x K 2161 34 K 129
da/dt = 143E-13 x K 2161 129 K 579
da/dt= 9.20E-10 579 K
da/dt= 2.00E-12 K 34
50 70 da/dt= 100E-12 + 7.15E-14 x K 2161 34 K 129
50 da/dt = 755E-14 x K 2.161 129 K 579
da/dt = 4.86E-10 579 K
da/dt= 2.00E-12 K 34
70 90 da/dt= 140E-12 + 429E-14 x K 2161 34 K 129
70 da/dt = 485E-14 x K 2.161 129 K 579
da/dt= 3.12E-10 579 K
da/dt = 2.00E-12 K 34
90 da/dt= 180E-12 + 143E-14 x K 2161 34 K 129
90 da/dt = 214E-14 x K 2.161 129 K 579
da/dt = 1.38E-10 579 K
da/dt= 2.00E-12 K 34
da/dt= 200E-12 + 000E+00 x 2.161 34 K 129
HWC da/dt = 7.94E-15 x 2.161 129 K 579
da/dt= 5.10E-11 579 K
SUS304 SCC
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4-1 HWC scc 2/3
HWC scc (dasdt [m/s] K [MPay )
da/dt= 2.00E-12 K 6.7
50 da/dt= 0.00E+00 333E-14 x K 2161 67 K 193
da/dt = 333E-14 x K 2161 193 K 579
da/dt= 2.10E-10 57.9 K
da/dt= 2.00E-12 K 6.7
50 70 da/dt= 1.00E-12 167E-14 x K 2161 67 K 19.3
50 da/dt = 183E-14 x K 2161 193 K 579
da/dt= 1.16E-10 57.9 K
da/dt= 2.00E-12 K 6.7
70 90 da/dt= 1.40E-12 9.99E-15 x K 2.161 67 K 19.3
70 da/dt = 123E-14 x K 2161 193 K 579
da/dt= 7.77E-11 57.9 K
da/dt= 2.00E-12 K 6.7
90 da/dt= 1.80E-12 333E-15 x K 2161 67 K 19.3
90 da/dt = 6.33E-15 x K 2.161 193 K 579
da/dt= 3.99E-11 57.9 K
da/dt= 2.00E-12 K 6.7
da/dt= 2.00E-12 0.00E+00 x K 2.161 67 K 19.3
HWC da/dt = 333E-15 x K 2161 193 K 579
da/dt= 2.10E-11 57.9 K
SCC
1.0E-09 : : —
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4-1 HWC SCC 3/3
HWC scc (da/dt [m/s] K [MPav 1)
da/dt = 2.00E-12 K 121
50 da/dt = 0.00E+00 270E-17 x K 45 121 K 19
da/dt = 270E-17 x K 45 19 K 56
da/dt = 2.00E-09 56 K
da/dt = 2.00E-12 K 121
50 70 da/dt = 1.00E-12 135E-17 x K 45 121 K 19
50 da/dt = 153E-17 x K 45 19 K 56
da/dt = 1.13E-09 56 K
da/dt = 2.00E-12 K 121
70 90 da/dt = 140E-12 810E-18 x K 45 121 K 19
70 da/dt = 106E-17 x K 45 19 K 56
da/dt = 7.81E-10 56 K
da/dt = 2.00E-12 K 121
90 da/dt = 1.80E-12 270E-18 x K 45 121 K 19
90 da/dt = 585E-18 x K 45 19 K 56
da/dt = 4.32E-10 56 K
da/dt = 2.00E-12 K 121
da/dt = 2.00E-12 000E+00 x K 45 121 K 19
HWC da/dt = 350E-18 x K 45 19 K 56
da/dt = 2.58E-10 56 K
SCC
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Figure 2-5

Sulfate, ppb

SCC Damage Acceleration of Furnace Sensitized Type 304 Stainless Steel due to Sulfate
as Sulfuric Acid and Sodium Sulfate in 200 ppb Oxygenated Water at 550°F (288°C)

(Provided by GE Nuclear Energy)

Water Impurities on ECP and SCC”
Chemistry in Nuclear Power Plants
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3-1-3
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M.Sambongi K.Takamori S.Suzuki N.lchikawa M.ltow H.Takahashi T.Kato
Y.Wada K.Akamine T.Takiguchi G.Nakayama and K.Yamauchi “Effects of Reactor
Water Impurities on ECP and SCC” 1998 JAIF International Conference on Water
Chemistry in Nuclear Power Plants  343-348(1998).
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Figure 2-7
PLEDGE Crack Growth Prediction as a Function of Sultate and Chioride Concentration
(Provided by GE Nuclear Energy)

3-1-4 GE-PLEDGE SCC

EPRI BWR Water Chemistry Guidelines -2004 Revision (2004)
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3-2-1 ( 100mVsHe
(ppm)
BWR4 BWR5
H1 2.0< 2.0<
H2 2.0< 2.0<
H3 2.0< 2.0<
H4 09 0.7
H6a b 0.5 04
H7a b 04 0.2
H1 2.0< 2.0<
H2
/ 2.0< 2.0<
H3 0.4 04
H4 1.1 1.1
H6a b 0.7 14
H7a b 0.9 17
0.5 1.0
2.0 2.0
2.0 2.0
JP
H8
H10 H11
0.9 1.8
ICM/CRD
DP/LC

17




3-2-2 ( 200mVsHe )
(ppm)
BWR4 BWR5
H1 2.0< 2.0<
H2 2.0< 2.0<
H3 2.0< 2.0<
H4 11 0.8
H6a b 0.6 04
H7a b 0.4 0.2
H1 2.0< 2.0<
H2
/ 2.0< 2.0<
H3 0.5 0.5
H4 11 1.2
H6a b 0.7 14
H7a b 1.0 1.8
05 1.0
20 20
20 20
JP
H8
H10 H11
11 1.8
ICM/CRD
DP/LC
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304 STAINLESS STEEL
25mm CT Specimen : ey
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4-3-1 HWC 1/4
H7
HWC
0 50 2 11 3 7 4 20 5 10
50 70 15 11 27 12
70 90 19 15 30 15
90 30 26 30 22
1
2 HwWC 0 50
4
3 50 11
4 1Imm 50 7
5 30 H7 18mm
SCC 20
6 1Imm 10mm 10
4-3-1 HWC 2/4
H11
HWC 182 182 82
0 50 2 25 3 ( ) 30 ( ) 4 (
50 70 30 30
70 90 30 30
90 30 30
1
2 HWC 0 50
3
3 30 40
25
4 182 SCC
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4-3-1 HWC 3/4
HWC SUS304
0 50 10 3 2.4 4 27 9
50 70 16 45 30 16
70 90 26 7 30 24
90 30 15 30 30
2 HWC 0 50
3 140° 11.4
10
140° 2.4
130° 32
27
6 130° 9
4-3-1 HWC 4/4
HWC SUS304
0 50 16 3 2.7 4 |30 5 12 6
50 70 28 5 30 21
70 90 30 30 30
90 30 17 30 30
2 HWC 0 50
3 180° 19
16
180° 2.7
180° 50
30
6 180° 12




HwWC

HWC

25

NwC

HWC

NwWC



70
o 1 3
o 4
NwWC
1 4
- 5
- 60
o 5
1 5
- 6
- 63
o 6 10
o 11
1 11
- 12
- 69
o 12
5
o 13
1 13
- 14
- 70
o 14
1 14

12

14

15

70

60

60

15
75
15
60
75
1 6
75
1 12
69
75
1 14
70
75

26

75

60

63

69

70



15

15

27

70



PWR
(BWR)
1979 BWR
BWR
200ppb 10ppb
30
BWR
ECP Electrochemical
Corrosion Potential
BWR
ECP SHE Standard Hydrogen Electrode 230mVsHe
IGSCC



1979 BWR
BWR
BWR
( )
1984 ATR
BWR
)
BWR 800MWe BWR-4
A2 ) BWR 200ppb
10ppb

1992

SCC

Al

1/2

BWR



ppb

1000
—4—Dresden-2
—{1—Peach Bottom-3
. —+—Pilgrim
100 —O—FitzPatrick

0.1

—O—Duane Arnold

1000

10 ¢

i PR T S N T R 'Y PR [ S T T T 'Y 1 L L L I
00 05 1.0 15 20 25 00 05 10 15 20 25
ppm ppm
Al BWR A2 800MWe BWR-4
SCC
BWR
A3
)
400 114
w 200 {12
5 ]
£ 0 ]10
-200 {8
-400 {6
-600 14
-800 2
-1000 1o
00 02 04 06 08 10
ppm
A3



SCC
BWR

1) RL.Cowan M.E.Indig J.N.Kass R.J.Law and L.L.Sundberg: “Experience with hydrogen
water chemistry in boiling water reactors” Water chemistry of nuclear reactor systems 4 vol.1
pp.29-36 BNES London (1986).

2) J. Takagi Y.Morikawa H.Sakamoto N. Ichikawa M. Itow S.Kawamuraand K. Takamori:
“Long term verification program on hydrogen water chemistry at a Japanese BWR” Water
chemistry of nuclear reactor systems 7 Vol.2 pp.489-495 BNES London (1996).
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BWR4 80 kWe BWR5 110 kWe ECP

B2 B7 BWR ECP B8 B10
ECP ECP 100 200mVsHe
2009
AECL
AECL
0.4ppm B11
4 5
Co-60
ECP

Y. Wada et al., * Empirical Understanding of the Dependency of Hydrogen Water Chemistry
Effectiveness on BWR Designs” , J. of Nucl. Sci. Tech., vol.36, p.169(1999).

N. Ichikawa et al., * Precise Evaluation of Corrosion Environments of Structural Materials under
Complex Water Flow Condition, (I)” , J. of Nucl. Sci. Tech., vol.40, p.583(2003).

N. Ichikawa and J. Takagi,” Precise Evaluation of Corrosion Environments of Structural Materials
under Complex Water Flow Condition, ( )" , J. of Nucl. Sci. Tech., vol.40, p.941(2003).

S. Uchida et al., * Verification and validation procedures of calculation codes for determining
corrosive conditions in the BWR primary cooling system based on water radiolysis and mixed
potential models” , J. of Nucl. Sci. Tech., vol.51, p.24(2014).
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