e XL

J. Corros Sci. Soc. of Korea
Vol. 27 No. 4, August, 1998
(AF =8>

7447 dQwe) 145 43 FLl I Shot-Peening 3}

T
A2 FAYY A2FEFLF

The Effect of Shot-Peening on Primary Water Stress
Corrosion Cracking of Steam Generator Tubings

In-Gyu Park

Division of Materials Engineering and Science, Sun-Moon University

Most Alloy 600 steam generator tubings are affected by Primary Water Stress
Corrosion Cracking(PWSCC) mainly in the roll transition of tubes expanded in the
tube sheet. In 1994 shot peening had been employed in order to mitigate the
PWSCC damage in Alloy 600 TT steam generator tubing of J-1 nuclear power
plant. The following analyses have been performed to clarify the effects of shot
peening on. steam generator tubing degradation in J-1 nuclear power plant: (i)
Weibull slope; (ii) Crack growth rate; (iii) Crack length distribution; (iv)
Average crack length. Crack initiation and growth have been retarded since shot-
peening application. Whether the ‘new’ cracks were initiated after the peening is
an unresolved issue. The beneficial effect of shot-peening on crack growth sup-
pression was obvious and greater for the shorter cracks. The fluctuation of crack
growth rate after the peening appeared to be related with the frequency of forced
outages.
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Table 1. Cumulative number of S/G tubes af-
fected by PWSCC

Table 2-2. PWSCC evolution rate for each cycle

CYCLE 5th  6th  7th 8th

CYCLE S/G-A §/G-B S/G-C_SUM
ath 27 a1 63 131

5th 106 236 247 589

6th 163 264 319 746

7th 306 593 571 1470

8th 365 639 757 1761
Percentage of ) 0. 1999, 207% 17.6%

cracked tubes

Table 2-1. Number of S/G tubes affected by
PWSCC for each cycle

CYCLE S/G-A S/G-B S/G-C SUM
5th 79 195 184 458
6th 57 28 72 157
7th 143 329 252 724
8th 59 46 186 291
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Evolution Rate

64 042 206 06
(No. of tubes/day) .04 042 206 062

Table 3. Average PWSCC Growth Rate (x10°3
mm/day)

CYCLE S/G-A 5/G-B

S/G-C Average

5th 1.43 1.25 3.48 2.05
6th 0.19 0.27 0.34 0.27
7th 2.14 1.60 0.37 1.37
8th 0.30 0.47 0.32 0.36
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Table 4. Weibull Slope, b for PWSCC Degrada-
tion

2
1.5
1
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0 .
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05—

da/dN (mm/cycie)

Crack Length (mm)
Fig. 1. Influence of crack length on crack growth.
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25 %/mm Crack Length Distribution

Typical Family of Curves Predicted
by Model for Equal Time Intervals
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Fig. 2. Crack growth prediction model.®
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Fig. 3-1. Time history of the distribution of crack
length.
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Table 5-1. Average crack length of existing
cracks({mm)

CYCLE S/G-A S/G-B S5/G-C Average

4th 3.67 3.67 2.79 3.38
5th 3.58 3.21 3.53 3.44
6th 3.24 3.21 3.64 3.36
7th 3.32 3.17 3.25 3.25
8th 3.26 3.31 3.28 3.28
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Fig. 3-2. Time history of the distribution of crack
length.
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Table 5-2. Shot-Peening effect on existing crack

Shot Peening S/G-A S/G-B S/G-C Average
Before 3.63mm 3.44mm 3.16mm 3.41mm
After 3.27mm 3.23mm 3.39mm 3.30mm
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Table 6-1. Average crack length of new cracks
(mm)

CYCLE S/G-A S/G-B S/G-C Average

5th 4.07 4.12 4.03 4.07
6th 3.66 3.31 3.84 3.60
7th 3.99 3.76 3.95 3.90
8th 3.47 3.39 3.65 3.50

Table 6-2. Shot-Peening effect on new cracks

Shot Peening S/G-A S/G-B  S/G-C Average
Before 4.07mm 4.12mm 4.03mm 4.07mm
After 3.7lmm 3.49mm 3.81mm 3.67mm

Table 7-1. Average crack length of new cracks
(mm)

CYCLE S/G-A S/G-B S/G-C Average

5th 3.43 3.04 3.45 3.31
6th 2.46 2.35 2.94 2.58
7th 2.55 2.69 2.39 2.54
8th 2.29 2.38 2.20 2.29

Table 7-2. Shot-Peening effect on new cracks

Shot Peening S/G-A S/G-B S/G-C Average
Before 3.43mm 3.04mm 3.45mm 3.31mm
After 2.43mm 2.47mm 3.51lmm 2.47mm
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