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Abstract. Recently, the initiation of axial stress corrosion cracks (SCCs) at the 
outside diameter (OD) of the steam generator (SG) tubes near the line contacts with 
the tube support plates (TSPs) has been increasing in Korean nuclear power plants 
(NPPs) that have CE-type steam generators with Alloy 600 high temperature mill 
annealed (HTMA) tubes. As a result, SGs with Alloy 600 HTMA tubes have been 
replaced early or are scheduled to be replaced before their designed lifetime. In 
Korean NPPs, steam generator chemical cleaning (SGCC) has been performed to 
prevent the initiation and reduce the prevailing rate of ODSCCs by removing deposits 
at line contact crevices formed between eggcreate TSPs and SG tubing. The 
effectiveness of SGCC was examined with an eddy current test (ECT) and the results 
showed significant increases in the probability of detection (POD) of tube defects 
because deposits mask existing defects and these defects can be more easily detected 
after chemical cleaning. This process necessitated unexpected repair tubes and 
prolonged outage periods. Thus, evaluating the POD effect by SGCC should be 
required to properly plan for outages for tube repair. In this study, the POD effect was 
evaluated by comparing pre-cleaning and post-cleaning ECT data at a KHNP unit. 
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1. Introduction 

The objective of performing the SGCC is to initiate and reduce the prevailing rate of 
ODSCCs by removing deposits from the SG tubing. The results of the ECT confirm that 
SGCC helps easier detection of the defects by reducing tubing defects and interference with 
the ECT signals after removing deposits [1]. Defective tubes need to be repaired by plugging. 
Repairs create and prolong unexpected outage periods. Accurate assessment of the POD is 
required to establish and schedule precise outage periods, including repair time.  

The ECT data used for POD evaluation came from the Hanbit 4 unit that performed 
SGCC during refueling outage RF14 in the spring of 2014. ECT inspection of SG tubes was 
implemented before and after SGCC in order to assess the POD effect of SGCC. The data for 
POD evaluation consisted of total 85 bobbin data. 58 bobbin data of the total data had defects 
confirmed by the MRPC techniques after SGCC, and the information on sizing was 
contained in the data. Defects in 20 data of 85 bobbin data were undetected by 10 analysis 
teams who participated in the round robin test (RRT). They failed to detect the ODSCC 
defects in the last study [2]. These data considered missing the defects in both ECT 
inspections before and after SGCC, were used in order to anchor the low end of the pod curve 
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fitting. The defects in the remaining 7 data were detected in both ECT inspections before and 
after SGCC. This data was used to anchor the high end of the pod curve fitting, too. 

 
2. POD 

2.1 Log-logistic Regression Model 

The ECT detection data consisted of “hit (detection)” and “miss (no detection)” 
binary data. Therefore, a logistic regression model, a binary data analysis model, was used to 
analyze the POD [3-4]. In this model, the odds of success, i.e., the ratio of success probability 
to failure probability was used, as given by Eq. (1): 
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where i  is the size of a flaw; )( i , the POD for the flaw size xi; 
)( i /

))(1( i , the odds of success; and  , a logistic regression parameter. The left- and 
right-hand side of Eq. (1) is called a logit and a linear predictor, respectively [3,5]. In Eq. (1), 

i  can be a vector of the flaw size parameters, in which case   becomes a vector of 

regression parameters. By solving Eq. (1) for )( i , we obtain Eq. (2): 
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If log )( i is used instead of i in the right-hand side of Eq. (2), the logistic function 
becomes a log-logistic function and is usually used for analyzing the detection reliability. 
The log-logistic function with two parameters that is usually used for POD analysis is shown 
in Eq. (3) [3-5]: 
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2.2 Examination Technique Guidelines for Detecting Axial ODSCC 

Analysis teams evaluated the EC data in accordance with the examination technique 
guidelines. Table 1 shows the specific examination technique guidelines of Hanbit 4 for 
detecting the axial ODSCC with a bobbin coil within the tube support plate region of the SG 
tube [6,7]. The EC bobbin data was calibrated according to the ASME B&PV Code Section 
V using ASME’s calibration standards. The processes channel (P1) was made by suppressing 
the support structure signal. The setup for each data channel included the angle rotation, span, 
voltage normalization, process channel configuration, calibration curves, analysis 
parameters, and specific data. The calibration voltage of the P1 and differential channel was 
set as 2.75 Vpp (measuring peak to peak of the defect signal) and 4.0 Vpp at 4X20% of the 
flat bottom hole (FBH), respectively. Furthermore, the phase angle curve was established 
using 100/60/20% of the FBH’s nominal depths. The text should include references to all 
figures and tables.  
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Table 1. Examination technique guidelines for detecting axial ODSCC 

DATA ANALYSIS 

Tubing 

Material Outside Diameter Wall 

Inconel 600 0.75" 0.042" 

Examination scope Acquisition technique 

Detection of the axial ODSCC within the freespan except for the U-Bend, tube 
support plate region, and sludge pile region of the SG tube 

Bobbin coil 

Flaw Specific Guidance 

○ Signals attributable to ODSCC can be identified using raw or process channels 
○ Raw channel Ch 3 typically provides sufficient data screening except for the TSP region. 
○ Confirmation trends (i.e., phase rotation) between channels may be observed, but these are not required for reporting. 

Data Screening 

Left Strip Chart Right Strip Chart Lissajous (span) Add. Chart (span) 

P1  Ch 6 P1 (0.125 v/d)  Ch 3, Ch 5 (0.125 v/d) 

Reporting Requirements 

Region Report Channel 

Tube Support Plate DSI (Distorted Support Indication) P1 Vmx 

 
2.3 POD Assessment 

Fig. 1 illustrates the appearance of a defect’s EC signal before and after SGCC 
application at Hanbit 4. The left picture of Fig. 1 is the defect’s EC signal before SGCC, and 
the right picture of Fig. 1 is the defect’s EC signal after SGCC. The features of the defect 
signal after SGCC is that amplitude increases and the phase angle moves toward the vertical 
direction. In comparison with the defect signal before SGCC, the amplitude of the defect 
signal increases to 0.25 volts, and the angle of defect signal increases to 111° from 177°. This 
is because the deposits outside of the tube were removed by chemical cleaning. Therefore the 
change of amplitude and the angle of the defect signal can more easily detect the defects. 
This indicates a sharp increase in the POD. 

 

  
Fig. 1. Sample of a defect’s EC signal before and after SGCC 
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To evaluate the POD effect of SGCC, we used a log-logistic regression model. The 
POD model was constructed using hit (detection) and miss (no detection) binary data 
obtained from Hanbit 4 and an RRT data set. The depth of the defects was used as POD 
model parameters. In addition, a template was made to obtain the POD model. These include 
the information on the tube, the number of hits (“1”) and the number of misses (“0”), the 
depth of cracks. Fig. 2 indicates part of the POD template. 

 

 
Fig. 2. The POD template used to evaluate the effect by SGCC 

 
PODB and PODA were defined as the probability of detection of axial ODSCCs 

before and after SGCC. The PODB and PODA curve and function are shown in Fig. 3. The 
main structural parameter in the POD model is the depth of defects, and it is plotted on a 
linear scale and percent through wall. The binary response data are plotted as hits (“1”) and 
misses (“0”) versus an independent variable. The PODA curve is constantly higher than the 
PODB curve. 
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Fig. 3. POD curve and function of before and after SGCC depending on defect’s depth 
 
Table 2 indicates the intercept and slope values of PODB and PODA. Table 3 shows 

the calculated value of % of POD at 25, 30, 40% through wall (TW) by the PODB and PODA 
function as represented in Fig 3.  

 
Table 2  Parameters value of POD model for BCC and  ACC 

 
Intercept (a) Slope (b) 

BCC 12.38 -7.98 

ACC 30.87 -21.91 
 

Table 3 % of the POD value at 25, 30, 40 and 50% through wall 

 
BCC ACC 

POD at 25% TW 23% 44% 

POD at 30% TW 36% 82% 

POD at 40% TW 60% 99% 

POD at 50% TW 76% 100% 
 
When PODB is 50%, it can detect 35% through wall and the defect’s depth is 35% 

through wall, and PODA is 95%. In other words, If 35% of defects are present 100 in the SG 
tubes, the number of defects detectable before SGCC is 50 but the number of defects 
detectable after SGCC is 95. Therefore, the number of repaired tubes upon detection of 
ODSCC by SGCC increases to 45 tubes. 
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3 Conclusions 

In this study, POD values were obtained to assess the effect of SGCC about bobbin 
detection of axial ODSCCs within the tube support plate region of an SG tube. The POD was 
quantitatively evaluated of the pre-chemical cleaning and post-chemical cleaning of ECT 
defect signals.  

 
The result of POD functions for the depth of defects is as follows: 
PODB function is given by Eq. (4) 
PODB = 1/(1 + EXP(12.38+ -7.98× Log(Depth))) 
PODA function is given by Eq. (5) 
PODA = 1/(1 + EXP(30.87+ -21.91× Log(Depth))) 

 
The PODB and PODA values for a specific depth of a defect were obtained from Eqs. 

(4) and (5). Comparing the pre-SGCC inspection and post-SGCC inspection for POD, the 
range of the most affected defect depth by SGCC was 30-50% TW. Because when a defect’s 
depth is below the 30% TW, although removal of sludge by SGCC is completed, it is not easy 
to detect defects due to a too weak amplitude and the angle of defect signal. Otherwise, when 
a defect’s depth is over 50% TW, although deposits mask existing defects before SGCC, any 
defects present on SG tubing that have a too strong amplitude and angle of defect signal can 
be reliably detected. 
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