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Abstract. A performance demonstration programme has been implemented by the 
Institute of Nuclear Energy Research since 2002. This programme followed the 
criteria of the ASME Boiler and Pressure Vessel Code Section XI, Appendix VIII to 
prepare demonstration sessions in Taiwan and has gained meaningful data during the 
past 13 years.  In this paper, historical demonstration results on the similar metal pipe 
welds are analyzed and the statistical data show the overall qualification rate, 
accuracy rate, and detection rate are about 63%, 93%, and 90% respectively.  The 
length sizing errors depend on the piping material and flaw orientation, and the 
average relative error of qualified examinees is 58.8%±4.2%.  This programme can 
provide a good screening function for ultrasonic inspection personnel, and the 
statistical results can also provide both regulatory authorities and utilities with a 
conservative evaluation of the confidence level of realistic ultrasonic testing results in 
nuclear power plants.  

1.Introduction  

In order to improve the reliability of ultrasonic testing (UT) on safety related components of 
nuclear power plants (NPPs), the ASME Boilers and Pressure Vessels Code, Section XI, 
Appendix VIII (ASME Sec. XI, App. VIII) required in-service NPPs to implement 
performance demonstration (PD), and soon it became a mandatory requirement in many 
countries. The Taiwan regulation also required the domestic licensee to implement these PD 
requirements. To achieve this, the Institute of Nuclear Energy Research (INER) has been 
conducting a PD programme for the UT inspectors of NPPs, including utility employees and 
contractors, since 2002. The first developed programme item, which is for inspecting 
service-induced flaws in similar metal pipe welds, has now been implemented for more than 
13 years. The first two years experience of this program was presented in INSIGHT[1]. In this 
paper, the progressively accumulated data of the period 2002-2015 are analyzed and the 
improvement in the domestic UT capability is evaluated. 
To be qualified by this item, examinees need to pass flaw detection and length sizing test 
separately. In the flaw detection test, carbon or stainless steel pipe weld specimens with 
embedded cracks are designated for each examinee. The detected flaw numbers should meet 
the ASME Sec. XI, App. VIII requirement to pass this first test. After passing the flaw 
detection test, examinees proceed to the length sizing test and the errors should be less than 
0.75inch RMS to pass this test. The following statistical analysis results are compiled using 
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the detection and length sizing data of 108 examinees, including utility inspectors and 
contractor inspectors, over the past 13 years. 

2. Results for UT PD analysis  

The following analyses include those on qualification rate, accuracy rate, detection rate and 
circumferential flaw length sizing error. 

2.1 Qualification rate  

For utility inspectors, 20 out of 35 examinees were qualified on carbon steel piping welds PD 
and 31 out of 45 examinees were qualified on stainless steel piping welds PD, resulting in 
57.1% and 68.9% qualification rates respectively. For contractor inspectors, 7 out of 14 
examinees were qualified on carbon steel piping welds and 10 out of 14 examinees were 
qualified on stainless steel piping welds, resulting in 50.0% and 71.4% qualification rates 
respectively. The qualification rate of utility and contractor inspectors, regardless of piping 
material, are 63.75% and 60.71% respectively. The analysis results are summarized in Table 
1. 

 
Table 1. Qualification rate 

Examinees Material Qualification rate 
Regardless of 

material 

Utility 
Carbon steel 57.1% 

63.75% 
Stainless steel 68.9% 

Contractor 
Carbon steel 50.0% 

60.71% 
Stainless steel 71.4% 

All examinees 
Carbon steel 55.1% 

62.96% 
Stainless steel 69.5% 

 
The qualification rate of all examinees on stainless steel piping welds is higher than on 
carbon steel piping welds, and the qualification rate of utility inspectors is a little better than 
that of contractor inspectors. Most of the unqualified examinees for carbon steel piping welds 
failed to detect axial flaws. From 2002 to 2015, 68 out of 108 examinees were qualified for 
carbon or stainless steel piping welds PD, resulting in a 62.96% qualification rate. 
Comparing with the 55.6% pass rate of the first two years from 2002 to 2004, the progress 
was obvious.  
After passing the flaw detection test, the examinees proceeded to the length sizing test. The 
pass rate, 94.4%, was high for the past 13 years, and 68 out of 72 examinees were qualified 
for length sizing. 

2.2 Accuracy rate and detection rate  

The definition of accuracy rate is the probability of judging correctly the existence or 
non-existence of flaws and whether an existing flaw is orientated, circumferentially or 
axially. For qualified utility inspectors, among 169 testing results on carbon steel piping 
welds, 7 misjudgments were made, resulting in an accuracy rate of 95.8%.  Among 611 
testing results on stainless steel piping welds, 36 misjudgments were made, resulting in an 
accuracy rate of 94.1%.  The accuracy rate, regardless of piping material, is 94.5%.  For 
qualified contractor inspectors, among 65 testing results on carbon steel piping welds, 8 



3 

misjudgments were made, resulting in an accuracy rate of 87.7%.  Among 95 testing results 
on stainless steel piping welds, 11 misjudgments were made, resulting in an accuracy rate of 
88.4%.  The accuracy rate, regardless of piping material, is 88.1%.  The 93.4% accuracy rate 
of all qualified examinees, from 2002 to 2015, is higher than the 90.1% accuracy rate from 
2002 to 2004. The analysed results are summarized in Table 2. 
 

Table 2. Accuracy rate 

Examinees Material Accuracy rate 
Regardless of 

material 

Utility 
Carbon steel 95.8% 

94.5% 
Stainless steel 94.1% 

Contractor 
Carbon steel 87.7% 

88.1% 
Stainless steel 88.4% 

All examinees 
Carbon steel 93.6% 

93.4% 
Stainless steel 93.3% 

 
The definition of detection rate is the probability of finding the exiting flaws. For qualified 
utility inspectors, the detection rates for circumferential flaws, axial flaws and all flaws 
regardless of flaw orientation are 98.4%, 80.0% and 89.7% respectively on carbon steel 
piping welds and 94.4%, 92.3% and 93.5% respectively on stainless steel piping welds. The 
detection rates for circumferential and axial flaws, regardless of piping material, are 97.3% 
and 83.3% respectively. The overall detection rate is 90.8% for qualified utility inspectors. 
For qualified contractor inspectors, the detection rates for circumferential flaws, axial flaws 
and all flaws regardless of flaw orientation are 93.5%, 57.1% and 88.1% respectively on 
carbon steel piping welds and 88.3%, 93.3% and 88.7% respectively on stainless steel piping 
welds. The detection rates, circumferential and axial flaws, regardless of piping material are 
90.3% and 75.8% respectively. The detection rate is 88.4% as a whole of qualified contractor 
inspectors.  
The detection rates for carbon steel piping welds and stainless steel piping welds for all 
inspectors are 89.2% and 91.0% respectively. The detection rate of axial flaws for carbon 
steel piping welds is much lower than for stainless steel piping welds, especially for the 
contractor inspectors. 
The detection rate of all qualified examinees is 89.9%; it is higher than the 86.9% detection 
rate from 2002 to 2004.  The statistical results are summarized in Table 3. 
 

Table 3. Detection rate 

Examinees Flaw orientation 
Carbon 

steel 
Stainless 

steel 
Regardless 
of material 

Utility 
Circumferential 98.4% 94.4% 97.3% 

Axial 80.0% 92.3% 83.3% 
All flaws 89.7% 93.5% 90.8% 

Contractor 
Circumferential 93.5% 88.3% 90.3% 

Axial 57.1% 93.3% 75.8% 
All flaws 88.1% 88.7% 88.4% 

All examinees 
Circumferential 97.0% 91.2% 95.0% 

Axial 73.5% 92.9% 80.5% 
All flaws 89.2% 91.0% 89.9% 
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2.3 Circumferential flaw length sizing error  

Since it is difficult to estimate axial flaw length, axial flaw length sizing is not required in the 
PD standard operating process.  Analyses are focused only on circumferential flaw length 
estimation, and the statistical data group excludes those results with RMS errors exceeding 
0.75 inch. The definition of uncertainty U is that, at the 95% confidence level, the actual 
length falls in the interval L±U, where L is the average measured flaw length. The 
uncertainty U is an extended uncertainty in statistics, which equals the double of the 
experimental standard deviation[2].  
For qualified examinees of the utility, the average relative errors for carbon steel piping 
welds, stainless steel piping welds and all piping welds regardless of material are 47.5%±

8.0%, 64.7%±8.3% and 60.3%±1.8% respectively. The relative error of each flaw length is 
calculated as:                                                     
Analysis of variance is then applied to the average of the calculated relative errors. Because 
shorter artificial flaws will give a greater average relative error, flaws are divided into two 
groups, according to whether their lengths are above or below one inch. The average relative 
errors are summarized in Table 4. 

 
Table 4. Average relative errors of qualified examinees of utility 

 Carbon steel Stainless steel 
Regardless of 

material 
Short flaws 
(< one inch) 

67.8%±10.6% 76.5%±4.3% 72.3%±7.3% 

Long flaws 
(> one inch) 

29.2%±6.0% 21.7%±5.0% 26.2%±8.6% 

All flaws 47.5%±8.0% 64.7%±8.3% 60.3%±1.8% 
 

For qualified contractor examinees, the average relative errors for carbon steel piping welds, 
stainless steel piping welds and all piping welds regardless of material are 49.1%±8.9%, 
63.6%±7.6% and 57.6%±3.1% respectively. The average relative errors, including the 
analysis results above and the calculated results for the two groups, are summarized in Table 
5. 

 
Table 5. Average relative errors of qualified examinees of contractor 

 Carbon steel Stainless steel 
Regardless of 

material 
Short flaws 
(< one inch) 

58.3%±12.13% 73.3%±8.9% 67.4%±7.0% 

Long flaws 
(> one inch) 

21.1%±6.12% 20.5%±4.7% 20.8%±3.8% 

All flaws 49.1%±8.9% 63.6%±7.6% 57.6%±3.1% 
 

For all qualified utility and contractor examinees during the period 2002 to 2015, the average 
relative errors for carbon steel piping welds, stainless steel piping welds and all piping welds 
regardless of material were 52.7%±6.3%, 64.0%±5.6% and 58.8%±4.2% respectively. The 
average relative errors of all qualified examinees are summarized in Table 6.  Because 
shorter flaws will make a greater average relative error, we find that the average relative 
errors of short flaws are much greater than longer ones. 

Material 
Flaw size 

Flaw size 
Material 
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Table 6. Average relative errors of qualified examinees 

 Carbon steel Stainless steel 
Regardless of 

material 
Short flaws 
(< one inch) 

62.9%±8.6% 74.6%±5.3% 69.6%±5.1% 

Long flaws 
(> one inch) 

25.6%±4.3% 21.1%±3.4% 23.5%±4.7% 

All flaws 52.7%±6.3% 64.0%±5.6% 58.8%±4.2% 
 

The linear regression of the test results is shown in Figure 1, which indicates good linear 
correlation between estimated and actual flaw lengths. Because flaws in carbon steel are 
acoustically more detectable than in stainless steel, they displays less sizing errors. The 
testing results from 2002 to 2004 also indicated a good linear correlation between estimated 
and actual flaw lengths.  Because the data group from 2002 to 2004 was much smaller and 
eliminated the outliers, the calculated length sizing error of qualified examinees, 40.1%±
5.7%, was less than that from 2002 to 2015. The results of progressive data group would get 
closer to reality when more data are collected from PD sessions. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Flaw size 
Material 



6 

 
 
 

 
 

Figure 1. Circumferential flaw length sizing results of all qualified examinees for carbon steel piping welds 
(top), and stainless steel piping welds (bottom) 
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3. Conclusion  

According to the analyses above for the past 13 years, for all examinees, the qualification rate 
is about 63%.  The passing rate of length sizing test is 94.4% for the qualified examinees of 
detection test.  The accuracy rate and detection rate for all qualified detection examinees are 
about 93% and 90% respectively.  The length sizing errors depend on the piping material and 
flaw orientation, and the average relative error of qualified examinees is 58.8%±4.2%.  All 
these statistical analysis results are better than those from 2002 to 2004.  The linear 
regression of the length sizing results indicates good linear correlation between estimated 
and actual flaw lengths, similar to the 2002 - 2004 results. 
The performance of examinees from the utility is better than those from the contractor.  In 
general, the utility has more opportunities for practice training.  From the observation of each 
PD session, this programme can provide a good screening function for ultrasonic inspection 
personnel.  The statistical results of this paper can provide both regulatory authorities and 
utilities with a baseline of the confidence level of realistic UT results in nuclear power plants. 
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