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PWSCC and ODSCC of Kori 1 Retired Steam Generator Tubing
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Abstract

Kori 1 nuclear power plant with 600MWe has been operated since 1978. Kori
1 have experienced severe pitting due to ingress of seawater through
condenser tube, primary water stress corrosion cracking(PWSCC) and outer
diameter corrosion cracking(ODSCC). Steam generators with low temperature
mill annealed(LTMA) Alloy 600 in Kori 1 was replaced to that with thermally
treated Alloy 690 in 1998 due to degradation of LTMA Alloy 600. 9 tubes
were pulled out from operating power plant to clarify a degradation
mechanism and cope with a degradation. In this work, we report failure
analysis of pulled out tube as well as degradation trends in terms of tube
repair. Axial and circumferential PWSCC and ODSCC were found in roll
transition of pulled out tube because residual stress on inner diameter and
outer diameter in roll transition is higher than yield strength. IGSCC was also
found on root of pit in roll transition region and in free span covered with
sludge, suggesting that IGSCC may propagate at very low stress in secondary
side if crevice solution was concentrated with impurities. PWSCC and ODSCC

were explained in terms of microstructure and environment.
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Fig. 1 Axial PWSCC cracks in R16C35
tube.

Fig. 2 EDS analysis locations on

axial PWSCC fracture surface.

Fig. 3 Circumferential PWSCC cracks in R11C45 tube
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Fig. 4 EDS analysis locations: (a), fracture surface; (b) and ((c¢), inner surface.



(a) (b)
Fig. 5 ODSCC cracks at pit root(a) and EDS analysis location(b).
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Fig. 6 Schematic drawing of axial ODSCC cracks in R27C34 tube.



Table 1 EDS Analyses of the Fracture Surfaces (A, B, C and D) of Fig.1(b)

and Inner surface and outer surface( wt.26) in R16C35 tube.

Elements Ni |Cr Fe S1 [Ti |Al [Mn Ca [Zr [Cu Mg |S |Cl Pb
Area A 635 146 93 109 02 20 04 |+ |- 102 38 |01 - |-
Area B 703 145 76 |05 02 14 |04 |+ 02 04 34 |- 0.2 09
Area C 70.0 140 69 |06 02 1.3 05 36 - |- 29 |- |- |-
Area D 71.0 140 72 109 04 25 05 |- |- 02 33 |- |- |-
Inner surf. |64.1 147 131 14 0.2 1.9 0.2 01 |03 04 35 01 - |-
Outer surt. |68.8 |15.14 [7.81 1.2 |0.3 2.0 03 0.1 |- 03 3.6 0.2 |01 0.3

Table 2 EDS Analyses of the Fracture Surfaces (Area A, B, C D and E and
Point land 2 of Fig. 2(b)) and Inner surface( Area 1 and 2 and Point P1 and

P2 of Fig 3(a) and area a and Point P3 of Fig. 3(b) and outer surface in
R11C45 tube (wt.%%).

Elements |Ni Cr Fe Si Ti |Al Mn |Ca |Zr |Co |[Cu Mg |[Zn |S Cl K Mo |[Pb  |Na
Area A 262 |124 162 |135 |05 24 |03 |14 |48 |- 6.3 1.8 |41 |78 |- - - - 1.7
Area B |70.9 |16 1.1 |06 01 102 103 |01 04 |03 |- - - - - - - - -
Area C |75.0 [165 |81 0.7 01 0.1 04 (01 |- - - - - - - - - - -
Area D |759 |15 7.6 0.5 02 101 04 |01 01 |01 |- - - - - - - - -
Area E |732 [164 |89 0.7 02 0.1 04 (01 |- - - - - - - - - - -
Point 1 151 |6.3 10.1 197 |- 14 |- 1.1 |- 03 |18 11 |14 |43 125 1.0 85 |22 |-
Point 2 |30.6 |10.2 |13.3 |9.6 03 |11 |04 |28 |- - 2.4 1.7 24 |47 |17 |07 69 |- 1.2
Point 3 26,6 [158 |49 173 104 2.0 |41 |06 |06 |- 11 42 |34 |19 |03 |01 |- 6.8 |-
Area 1 |723 [159 |96 0.7 02 |- 02 (03 04 |01 |03 - - - - - - - -
Area 2 |39.6 [229 26,7 |09 03 105 |- 01 83 (03 |- - 03 |- 01 |- - - -
Point P1|38.7 [161 |174 |16 03 106 05 |02 |74 |- - 15 |12 |- 01 |- - - -
Point P2 |33.1 [247 [31.1 |15 01 0.2 01 |03 83 0.2 |- - 04 |- - - - - -
Area A |151 |80 155 279 |02 |68 |17 (06 |- - 149 149 103 |16 (02 |- - 23 |-
Area B |386 [150 6.7 126 102 |24 06 |03 |- - 174 123 102 |20 (08 |- - 09 |-
Area C |395 (246 |89 6.0 02 |17 |10 [05 |- - 105 1.2 |02 |19 |12 |- - 26 |-




Table 20 EDS Analyses of of the deposit in a pit(Area 1, 2 and 3) and outer

surface

Eements N1 |Cr Fe |S1 Ti (Al Mn [Ca [Cu Mg Zn |S |ClI Pb Ba K
Area 1 136 |1.1 83 38303 |* 1.0 1.9 19427 |18 [0.8 |- |23 82 |0.3
Area 2 6.8 03 |70 |355(1.1 (12 07 |1.2 |39 1.3 (1.0 23 |02 |35 |23. |04
Area 3 498 11.216.0 9.3 0.2 36 07 |02 |128]16 (0.7 0.7 |- |25 0.7 |-

Outer Surf1|85 1.7 6.3 B7.6|- |bb 05 1.2 151119 |- 106 01 |- 1.0 |-

Outer surf2|185 3.7 [14.1 |22.810.2 6.8 1.2 06 24834 |03 [1.0 0.2 |16 0.3 |0.2
Outer Surf3|34.5 9.2 126 20.410.1 |7.0 1.0 [0.7 92 |27 0.2 1.3 |- 08 |- 1|01
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