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1. Introduction 

Stress corrosion cracking (SCC) in Korean Steam 
generator(SG)  tubings had been serious problems 
because the tubes were made of low temperature mill 
annealed alloy 600, which is known as relatively SCC 
susceptible in PWR environment. After experiencing 
various corrosion problems such as pitting, wastage, 
denting, primary side stress corrosion cracking 
(PWSCC), out side diameter stress corrosion 
cracking(ODSCC), the SGs were replaced in 1998 with 
a new one. A metallographic examination on the 
defected tubes could be utilized for setting up a guide 
line for a safe operation of the SG. A destructive 
analysis on 91 tube sections was carried out, and a 
database was developed during a 5 year research 
work. 
The objective of the present paper is to demonstrate the 
SCC location in terms of top of tube sheet(TTS) or tube 
support plate(TSP), and to seek a relationship between 
the crack location and corrosion environment at the 
TTS or TSP regions. 
 

2. Experimental 

91 tube sections from a retired steam generator were 
pulled out and transferred to a hot laboratory of KAERI. 
Detailed nondestructive analysis examinations for a 
marking of the defects were taken, and metallographic 
examinations were carried out in the hot cell. Types and 
sizes of the defects were characterized by using a high 
magnification contact camera and a scanning electron 
microscope(SEM), and the chemical compositions out 
side the tubes was also measured by using EDS. All the 
crack information was compiled in a database, and a 
relationship among the SCC defect location, defect 
depth, and sludge height was obtained.  
 

3. Results and discussion 
 
PWSCC and ODSCC were found at the TTS or near 

TSP. Some cracks were observed at a free span region. 
Axial cracks of TTS were believed to be located within 
the sludge pile before a chemical cleaning as shown in 
Fig. 1. 
On the other hand, circumferential cracks were found 
below the TTS as shown in Fig. 2. According to A. 
McIlree[1], circumferential cracks are caused by 
residual stress and operating pressure difference at the 
TTS region. The confined location of the 
circumferential cracks below TTS means that a residual 
stress by sludge pile is high enough to invoke the 
cracking. 

A depth of the ID axial cracks was 90 % of the tube 
wall when the lengths of the cracks are over 4 mm as 
shown in Fig. 3-(a).   
 

 
Axial cracks are in the sludge pile and below TTS
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Fig. 1 Axial Crack location at TTS region 
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Depth vs. Length of ID axial-TTS

The axial cracks with 4 mm long or over at TTS  showed 
90% to 100 % tube wall penetration.
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Fig. 3-(a) Relationship between depth and length of 
ID axial cracks at TTS. 
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Fig. 3-(b) represents the depth of the OD axial cracks 
with increasing crack length. These OD axial cracks 
show shallower wall thickness penetration than ID axial 
cracks even the crack length is 15 mm. This means a 
corrosive environment was severer in OD side of the 
tube by sludge accumulation than in tube ID surface 
condition of a cracking. 
 

Based on the metallographic examination on the 91 
sections of the tubes, a database was developed as 
shown in Fig. 4.[2] 
  

 
Detail flaw information can be searched based on a tube 
number, tube location or based on ECT results. Crack 
length and location can be compared with ECT results. 
The detail crack information was transferred to the 
other group in order to develop a better in service 
inspection technology. 
Fig. 6 shows an example of detail information of a tube 
which has circumferential cracks. There were deeper 
cracks in ECT indicated area (196o~ 272o) in a multiple 
circumferential mode, some shallow cracks were also 
detected all around the tube circumference. The depth 

of the cracks, however, was 48% in maximum of the 
tube wall. So those shallow cracks might not be 
detected by a normal ECT. 
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Depth vs. Length of OD axial-TTS

The OD axial cracks with 5 mm long or over at TTS  
showed 90% to 100 % tube wall penetration.
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1 001 15 58 ○ BLG - - - - 113.0 NDD - - - - - - - - 109.89 - - - -
2 002 14 62 ○ SAI (ID) 2.29 - - - 111.25 113.54 146.5 SAI (ID) 3.30 86 - - - 20.48 23.78 185.00 115.62 -

MCI (OD) 25.98 122.94 4 138 - - - MCI (OD) 35.86 67 0 -10.00 175.00 - - - 115.62 -
3 003 25 70 ○ MCI (OD) 14.74 122.17 196 272 - - - MCI (OD) 69.80 48 0.98 0.00 360.00 - - - 121.41 -

NIS 6.59 127.25 -30 4 - - - - - - - - - 121.41 -
4 004 9 56 ○ BLG - - - - 259 BLG - - - - - - - - 115.43 - 6.2 6.2 3.63
5 005 17 50 ○ NDD - - - - - - - NDD - - - - - - - - 111.90 - 6.0 7.0 0.58
6 006 7 33 ○ MCI (OD) 7.37 122.43 144 182 - - - MCI (OD) 51.04 69 1.3 62.40 325.60 - - - 95.66 - 7.0 6.0 0.61
7 007 8 55 ○ MCI (OD) 27.14 123.95 258 38 - - - MCI (OD) 45.90 72 1.13~-1.23 227.30 104.20 - - - 104.95 - 7.0 6.0 0.62
8 008 8 54 ○ SCI (ID) 4.85 115.82 55 80 - - - - - 4 -3 270.00 300.00 - - - 96.75 -

SCI(OD) 5.82 119.13 114 144 - - - MCI (OD) 25.71 71 -6 111 252.9 - - - 96.75 -
MCI(OD) 9.11 121.41 8 55 - - - MCI (OD) 7.46 70 -6~-10 29.8 69.3 - - - 96.75 -

SCI (OD) 0.55 27 -6 322 325 - - - 96.75 -
9 009 10 55 ○ MCI(OD) 17.26 122.94 4 93 - - - MCI(OD) 21.08 78 -3.41~-4.12 17.10 125.80 - - - 97.32 - 5.0 6.0 0.36
10 010 14 64 ○ MCI(OD) 13.96 125.22 339 51 - - - MCI(OD) 27.04 75 -0.21 -69.70 69.50 - - - 113.27 -

SAI(ID) 1.02 - - - 114.05 115.06 348.00 SAI(ID) 1.85 41 - - - 11.43 13.28 352.00 113.27 -
- - - - - - MCI(OD) 16.38 40 2.79 167.70 252.20 - - - 113.27 -
- - - - - - SAI(OD) 0.30 - - - - 13.66 13.96 20.00 113.27 -

11 011 16 58 ○ SCI(OD) 7.56 123.44 -25 14 - - - MCI (OD) 19.62 64 -4.88~-5.8 -42 59 - - - 102.20 -
- - - - - - SAI(OD) 5.13 27 - - - 5.02 10.15 244.50 102.20 -

12 012 26 69 ○ SCI(OD) 12.41 124.21 144 208 - - - MCI (OD) 36.80 67 4.1 140.00 330.00 - - - 111.51 - 5.5 5.0 0.76
13 013 16 67 ○ MCI(OD) 3.30 122.68 292 309 - - - MCI (OD) 7.94 61 -6.03 315.70 356.60 - - - 106.27 -

MCI(OD) 2.52 121.16 318 331 - - - MCI (OD) 7.94 61 -6.03 315.70 356.60 - - - 106.27 -
MAI(ID) 3.81 - - - 108.71 112.52 331.00 MAI(ID) 6.84 91 - - - +0.15 6.99 325.80 106.27 -
MAI(ID) 1.52 - - - 111.51 113.03 186.00 MAI(ID) 3.33 91 - - - +1.39 4.72 180.40 106.27 -

- - - - - - SCI(ID) 0.91 72 +5.79 335.2 339.9 - - - 106.27 -
- - - - - - MCI (OD) 2.47 67 -7.47 116.5 129.2 - - - 106.27 -
- - - - - - MCI (OD) 24.22 61 -6.36~-7.47 163.50 288.40 - - - 106.27 -
- - - - - - MCI (ID) 4.89 16 +4.66 229.30 254.50 - - - 106.27 -

14 014 15 46 ○ NDD - - - - - - - MAI(OD) 6.24 16 - - - +9.2 15.44 47.00 107.82 - 5.5 5.2 0.59
15 015 17 51 ○ NDD - - - - - MCI(OD) 0.91 22 -4.29 121.10 125.80 104.00 - 5.5 5.0 1.41
16 016 28 36 ○ SAI(ID) 1.52 - - - 111.76 113.28 322.00 SAI(ID) 3.55 97 - - - +4.96 8.51 317.10 103.74 -

- - - - - - SCI(OD) 3.18 54 -3.39 225.90 224.30 - - - 103.74 -
17 017 28 37 ○ MCI(OD) 10.66 119.89 148 203 - - - MCI(OD) 59.80 83 -4.24~-6.55 -246.00 57.80 - - - 107.51 -

MCI(OD) 4.07 120.40 34 55 - - - MCI(OD) 59.80 83 -4.24~-6.55 -246.00 57.80 - - - 107.51 -
SAI(OD) 18.80 - - - 70.61 89.41 267.00 MAI(OD) 10.71 100 - - - +25.57 +38.8 260.50 107.51 -
MAI(OD) 29.72 - - - 24.38 54.10 347.00 MAI(OD) 13.23 100 - - - +58.99 +78.93 346.00 107.51 -

- - - - - - MAI(OD) 8.75 100 - - - +35.38 +44.13 278.30 107.51 -
- - - - - - MAI(OD) 19.94 100 - - - +78.26 +88.97 0.00 107.51 -

18 018 28 68 ○ SCI(OD) 5.82 117.35 263 293 - - - MCI(OD) 69.80 62 -1.84~-2.24 0.00 360.00 - - - 99.51 - 6.0 5.5 0.86
19 019 29 68 ○ SCI(OD) 4.07 120.90 339 360 - - - MCI(OD) 21.46 60 -4.64~-4.67 303.50 54.20 - - - 97.46 -

SCI(OD) 5.82 117.35 203 233 - - - MCI(OD) 32.98 80 -0.63~-1.01 79.30 249.40 - - - 97.46 -
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Fig. 5 Detail information of the SCC flaws

Fig. 6 Detail crack information of a tube having 
circumferential cracks. 
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