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ABSTRACT 

To manage the wall thinning of carbon steel piping in nuclear power plants, the utility of Korea has performed thickness 
inspection for some quantity of pipe components during every refueling outage and determined whether repair or re-
placement after evaluating UT data. Generally used UT thickness data evaluation methods are Band, Blanket, and PTP 
(Point to Point) methods. Those may not desirable to identify wall thinning on local area caused by erosion. This is be-
cause the space between inspecting points of those methods are wide for covering full surface being inspected compo-
nents. When the evaluation methods are applied to a certain pipe component, unnecessary re-inspection may also be 
generated even though wall thinning of components does not progress. In those cases, economical loss caused by re-
peated inspection and problems of maintaining the pipe integrity followed by decreasing the number of newly inspected 
components may be generated. EPRI (Electric Power Research Institute in USA) has suggested several statistical 
methods such as FRIEDMAN test method, ANOVA (Analysis of Variance) method, Monte Carlo method, and TPM 
(Total Point Method) to distinguish whether multiple inspecting components have been thinned or not. This paper pre-
sents the NAM (Near Area of Minimum) method developed by KEPCO-E & C for distinguishing whether multiple in-
specting components have been thinned or not. In addition, this paper presents the analysis results for multiple inspect-
ing ones over three times based on the NAM method compared with the other methods suggested by EPRI. 
 
Keywords: Pipe Wall Thinning; Component; Multiple Inspection; ANOVA-1 Method; TPM (Total Point Method); 

NAM (Near Area of Minimum) Method 

1. Introduction 

Pipe components made by carbon or low alloy steel plac- 
ed on secondary system in nuclear power plants have 
experienced wall thinning caused by FAC (Flow Accel-
erated Corrosion) or erosion such as cavitation, flashing, 
and LDIE (Liquid Droplet Impingement Erosion) [1]. 
FAC is the corrosion phenomenon accelerated by high 
temperature and high velocity water and wet steam cir-
cumstance. LDIE is caused by the impact of high velocity 
droplets or liquid jets [2]. To manage the wall thinning in 
nuclear power plants, plant utilities have performed thick- 
ness inspection for some quantity of components during 
every refueling outage (RFO) and determined whether to 
perform repair or replacement after evaluating UT data. 

Generally used UT data evaluation methods are Band, 
Blanket, and PTP (Point to Point) methods [3]. However, 
those are not desirable to identify wall thinning on local 
area caused by erosion. This is because the space be-
tween inspecting points are wide for covering full surface 
being inspected components. In addition, unnecessary 
re-inspection may be generated due to manufacturing or 
measurement errors for components in spite of no wear- 

ing. In such cases, economical loss caused by repeated 
inspection and problems of maintaining the pipe integrity 
followed by decreasing the number of newly inspected 
components may be generated. EPRI (Electric Power 
Research Institute in USA) has suggested several statisti- 
cal methods [4] such as FRIEDMAN test method, ANO- 
VA (Analysis of Variance) method, Monte Carlo method, 
and Total Point method to distinguish whether multiple 
inspecting components have been thinned or not. Al-
though the suggested ones are applicable for distinguish-
ing large area of wall thinning such as damages by FAC, 
those may not be applicable for distinguishing local area 
of wall thinning such as by erosion. 

This paper presents the NAM (Near Area of Minimum) 
method developed for applicable both wide range of wall 
thinning caused by FAC and small range of wall thinning 
caused by erosion. 

2. Features of Wall Thinning Area and UT 
Data Evaluation Methods  

2.1. Features of Wall Thinning Area 

For carbon steel pipe components installed secondary 
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system in nuclear power plants, once FAC has been pro-
gressed, relatively large area of components has been 
affected. Meanwhile, once erosion has been occurred, 
relatively small area of components has been affected. 
Figure 1 shows wall thinned surface of elbow caused by 
FAC. Wide range of extrados surface was damaged. Fig-
ure 2 shows erosion surface caused by liquid droplet 
impingement. The wet steam, coming from the feedwater 
heater vent pipeline, collided with the other side surface 
of the vent line (middle of lower one in Figure 2) and 
generated local erosion. 

2.2. Evaluation Methods for UT Data 

The utility of Korea perform thickness inspection with a 
full-coverage grid layout on components being inspected. 
Figure 3 shows the grid layout for an elbow. With the 
full-coverage grid layout, local progressed erosion dam-
age could not be found. When the existing UT data 
evaluation methods, such as Band, Blanket, PTP (Point 
to Point) Methods, etc. [3] are applied to a certain pipe 
component, unnecessary re-inspecting may be generated 
due to manufacturing or measurement errors for compo-
nents even though wall thinning does not progress. 

Therefore, for components being inspected several 
times, it is very important to distinguish whether the 
components have been thinned or not in order to decide 
whether future inspection should be done or not in light 
of cost effectiveness and maintaining pipe integrity. 
  

 

Figure 1. Damaged surface by FAC. 
 

 

Figure 2. Damaged surface by LDIE. 

 

Figure 3. Full-coverage grid layout. 

3. Review of Wall Thinning Distinction 
Methods 

In all utilities through the world, unnecessary re-inspec- 
tion for components even though wall thinning does not 
progress is an unsolved problem. EPRI suggested several 
methods for distinguishing whether multiple inspection 
components have been thinned or not. The suggested 
ones are FRIEDMAN test method, ANOVA-1 (One-way 
Analysis of Variance), ANOVA-2 (Two-way Analysis of 
Variance), Monte Carlo Method [4], and Total Point 
Method (TPM) [5]. 

FRIEDMAN test method uses a ranking of the meas-
urements rather than the measurements themselves to 
determine whether components have been thinned or not. 
It is concluded that the Freidman test method is inappro-
priate for the determination desired purpose. This is be-
cause the method predicts many cases of wear while 
evidence indicates that the components are not wearing. 

ANOVA-2 method uses the measurements themselves 
to determine whether components have been thinned or 
not by comparing two independent data sets of one case. 
It is concluded that the ANOVA-2 method is inapprop- 
riate for the determination desired purpose. This is beca- 
use only fluctuation of thickness data by inspection terms 
can be considered as an independent variable. 

Monte Carlo Method uses fictious data to calculate 
average wear rate in order to determinate the components 
will be thinned or not for next inspection period. It is 
concluded that the method is inappropriate for the deter- 
mination whether the inspected components will experi-
ence wall thinning or not.  

LSS (Least Square Slope) method is not explained in 
this paper. The results of LSS method are used to TPM 
for the desired determination. 

It remains to be seen what is applicable for determina-
tion whether pipe component has been wall thinned or 
not. It is concluded that the ones capable for the purpose 
are ANOVA-1, TPM, and NAM methods. The NAM 
method is the new approach developed by KEPCO-E & 
C. Section 3.1 through 3.3 give explanations of those 
methods. Section 4 presents overview of analysis results 
for multiple inspection data. 
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3.1. TPM 

In order to apply TPM for the desired determination, UT 
data matrix at least inspected two different terms should 
be presented. And, the number of rows and columns of 
data matrix should be same. 

LSS method [6] is a way to obtain wear rate from the 
magnitude of least square slope in the same point on a 
component. The histogram is acquired by the magnitude 
of the wear rates obtained from the least squares slopes 
in the same points for all points on a component. Figure 
4 shows the acquired histogram.  

Components are “Wear” when the number of positive 
values is more than the number of negative values on 
inspected points. Components are “No Wear” when the 
number of negative values is more than the number of 
positive values on inspected all points. The component 
on Figure 4 is “Wear” which is indicated by most wear 
rate magnitude is positive, placed on 4.4 mils/year. 

3.2. ANOVA-1 Method 

This section presents the ANOVA-1 [4] approach for 
determination wether components has been thinned or 
not. The associations between mean values of data set 
and inspect outages are taken into account when the one 
way ANOVA performs analysis data sets. 

Table 1 shows inspected measurement obtained at the 
four different outages on 38 components. The calculated 
results by ANOVA-1 are presented on Table 2. The null 
hypothesis for the desired determination is that there is 
no association between measurements and inspection 
outages. In other words, it is expected that the mean 
value of measurements at every inspection outages are 
identical. As shown in Table 2, the null hypothesis is not 
rejected because F ratio (0.026) is less than the critical F 
(2.67). The same conclusions can also be reached by 
examining P value. The P value (0.99) is greater than 
0.05 with a 95% confidence level. It means that wall 
thinning is progressed. 
 

 

Figure 4. Sample histogram of TPM.  

Table 1. UT data for each inspection outage. 

Inspection Points R-15 R-16 R-17 R-18 

a01 0.512 0.513 0.514 0.513 

a02 0.508 0.507 0.508 0.510 

a03 0.512 0.513 0.513 0.515 

a04 0.513 0.513 0.514 0.515 

a05 0.515 0.516 0.515 0.516 

a06 0.514 0.514 0.514 0.516 

a07 0.507 0.506 0.507 0.507 

a08 0.506 0.507 0.508 0.508 

a09 0.508 0.508 0.509 0.511 

a10 0.510 0.511 0.511 0.512 

a11 0.506 0.508 0.505 0.507 

a12 0.502 0.503 0.503 0.504 

a13 0.494 0.496 0.495 0.497 

a14 0.501 0.500 0.502 0.504 

a15 0.504 0.505 0.505 0.506 

a16 0.508 0.508 0.509 0.509 

a17 0.508 0.508 0.509 0.509 

a18 0.506 0.506 0.506 0.506 

a19 0.506 0.507 0.507 0.507 

b01 0.505 0.506 0.507 0.508 

b02 0.509 0.508 0.508 0.510 

b03 0.507 0.506 0.507 0.507 

b04 0.500 0.499 0.500 0.501 

b05 0.502 0.502 0.503 0.505 

b06 0.503 0.502 0.503 0.505 

b07 0.401 0.401 0.401 0.400 

b08 0.398 0.385 0.398 0.397 

b09 0.475 0.473 0.475 0.475 

b10 0.501 0.502 0.501 0.502 

b11 0.506 0.503 0.504 0.502 

b12 0.502 0.501 0.502 0.504 

b13 0.497 0.497 0.497 0.498 

b14 0.503 0.502 0.503 0.503 

b15 0.502 0.504 0.502 0.502 

b16 0.508 0.507 0.508 0.510 

b17 0.508 0.508 0.508 0.510 

b18 0.503 0.501 0.504 0.503 

b19 0.504 0.505 0.504 0.505 

Sum 18.974 18.961 18.989 19.019 

Average 0.499 0.499 0.500 0.501 

SD 0.02476 0.02633 0.02488 0.02533 

Variance 0.00061 0.00069 0.00062 0.00064 

 
Table 2. Calculation results for ANOVA-1. 

Source of 
Variation

Degrees of 
Freedom

Sum of 
Squares

Mean 
Square 

F Ratio P-Value F Crit

Between 
Groups

3 4.91E−05 1.64E−05 

Within 
Groups

148 0.095 6.42E−04 

Total 151 0.095 - 

0.026 0.99 2.67
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3.3. NAM Method 

NAM method is the new approach developed by KEP- 
CO-E & C for determination whether components have 
been thinned or not. The calculation for NAM method 
is following. For last inspection period, select the mini- 
mum point and neighboring 8 points of it and calculate 
average slop of those 9 points by inspections outages. It 
is determined that thinning is progressed when the mean 
value of slops is negative. The evaluation work by NAM 
meth- od is based on minimum point and neighboring 8 
points of it. Therefore, the method is applicable to deter- 
mine not only wide range of wall thinning caused by 
FAC but also small range of wall thinning caused by 
erosion. Followings are estimated results by NAM 
method. Tables 3-5 present measurement data obtained 
from a 90˚ elbow at RFO 13, RFO 16, and RFO 18. The 
minimum thickness data during RFO 18 is 0.434 inch on 
the point (a, 6). The extracted slops of the point and 
neighboring 8 points of it are presented on Figure 5. The 
average value of slops is 0.0003 that is, wear is not oc- 
curring.  

Another 90˚ elbow (B) was examined at RFO 13, RFO 
15 and RFO 18. Data set at each RFO is presented on 
Tables 6-8. The minimum thickness data during RFO 18 
is 0.453 inch on the point (h, 7). The extracted slops by 
RFO of the point and neighboring 8 points of it are pre-
sented on Figure 6. Wear is occurring as the average 
value of slops is –0.0169. 
 

Table 3. UT data of a 90˚ elbow (A) at RFO 13. 

 a b c d e f g h i j k l 
1 0.4640.493 0.516 0.5070.501 0.5390.5110.5100.496 0.5110.4660.488
2 0.4580.492 0.494 0.5010.499 0.5220.5260.4970.508 0.5180.4900.488
3 0.4490.480 0.493 0.4880.499 0.534 0.53 0.5010.506 0.5110.4820.475
4 0.4410.470 0.478 0.4890.507 0.5430.5790.5160.515 0.5160.4880.483
5 0.4310.474 0.483 0.4960.521 0.5560.5510.5320.521 0.5160.4930.480
6 0.4310.486 0.500 0.5120.523 0.5610.5540.5390.523 0.5120.4910.476
7 0.4380.491 0.508 0.5140.528 0.5600.5590.5320.508 0.5090.4840.490
8 0.4490.498 0.499 0.5030.524 0.5510.5600.5300.509 0.5290.4940.504
9 0.4670.509 0.500 0.5050.521 0.5530.5560.5260.516 0.5130.5080.507

10 0.4730.501 0.502 0.4890.510 0.5460.5480.5290.516 0.5280.5220.505
11 0.4710.494 0.498 0.4840.500 0.5410.5430.5230.516 0.5370.5300.513
12 0.4790.506 0.513 0.49 0.508 0.5340.5640.5200.511 0.5400.5290.506

 
Table 4. UT data of a 90˚ elbow (A) at RFO 16. 

 a b c d e f g h i j k l 
1 0.467 0.494 0.504 0.503 0.500 0.5250.513 0.489 0.487 0.5110.4690.491
2 0.461 0.492 0.494 0.502 0.500 0.5250.523 0.496 0.512 0.5140.4920.493
3 0.449 0.479 0.489 0.489 0.498 0.5270.530 0.498 0.508 0.5110.4850.489
4 0.439 0.471 0.480 0.490 0.504 0.5410.543 0.519 0.512 0.5140.4890.476
5 0.436 0.477 0.484 0.500 0.516 0.5550.559 0.533 0.523 0.5160.4940.486
6 0.436 0.487 0.500 0.519 0.530 0.5610.562 0.538 0.521 0.5150.4900.481
7 0.440 0.49 0.504 0.515 0.525 0.5630.556 0.533 0.510 0.5170.4850.478
8 0.453 0.498 0.503 0.510 0.521 0.5580.553 0.529 0.510 0.5060.4960.494
9 0.469 0.505 0.503 0.506 0.514 0.5540.552 0.527 0.510 0.5180.5140.508

10 0.470 0.505 0.503 0.489 0.509 0.5470.546 0.530 0.521 0.5300.5240.510
11 0.468 0.498 0.491 0.483 0.501 0.5460.546 0.523 0.515 0.5390.5310.509
12 0.480 0.507 0.515 0.493 0.506 0.5330.543 0.519 0.512 0.5450.5290.511

Table 5. UT data of a 90˚ elbow (A) at RFO 18. 

a b c d e f g h i j k l 
1 0.4640.4940.5110.5050.5030.518 0.52 0.499 0.493 0.5080.4760.486
2 0.4590.4930.4930.4990.4970.527 0.526 0.500 0.516 0.5180.4890.490
3 0.4470.4810.4890.4870.4940.537 0.548 0.497 0.509 0.5090.4800.488
4 0.4370.4710.4790.4860.4990.542 0.558 0.514 0.513 0.5120.4850.476
5 0.4380.4770.4860.4980.5230.558 0.564 0.531 0.515 0.5150.4930.483
6 0.4340.4870.4990.5170.5290.560 0.551 0.538 0.506 0.5080.4870.478
7 0.4400.4910.5010.5110.5270.562 0.556 0.530 0.505 0.5060.4760.474
8 0.4510.4990.4980.5070.5180.558 0.549 0.530 0.503 0.5030.4910.494
9 0.4690.5030.5000.5050.5170.553 0.546 0.526 0.517 0.5120.5100.512
100.4690.4980.5020.4930.5090.544 0.544 0.529 0.527 0.5270.5210.511
110.4650.4930.4900.4810.5010.545 0.542 0.525 0.533 0.5340.5280.509
120.4760.5030.5110.4960.5060.534 0.545 0.518 0.538 0.5390.5280.508

 
Table 6. UT data of a 90˚ elbow (B) at RFO 13. 

a b c d e f g h i j k l 
1 0.6110.6190.6400.6980.6610.651 0.653 0.657 0.652 0.6680.6610.594
2 0.6120.5520.6050.7070.6530.573 0.568 0.632 0.641 0.5060.5580.594
3 0.5420.5160.4970.4910.4640.464 0.473 0.475 0.473 0.5110.5000.526
4 0.5490.5340.5250.4990.4680.462 0.468 0.486 0.500 0.5370.5190.545
5 0.5620.5360.5020.4890.4590.457 0.463 0.473 0.497 0.5370.5240.544
6 0.5480.5200.4950.4940.4680.470 0.472 0.493 0.508 0.5440.5220.541
7 0.5330.5100.4970.4990.4820.477 0.482 0.503 0.519 0.5540.5260.537
8 0.5350.5150.5090.5060.4890.484 0.487 0.504 0.522 0.5610.5230.533
9 0.5440.5190.5180.5070.4870.484 0.496 0.509 0.526 0.5660.5200.535

100.5470.5280.5210.5070.4790.484 0.497 0.504 0.523 0.5620.5140.535
110.5470.5260.5060.4940.4850.483 0.494 0.506 0.516 0.5530.5350.534

 
Table 7. UT data of a 90˚ elbow (B) at RFO 15. 

a b c d e f g h i j k l 

1 0.5310.5160.5050.4880.4840.482 0.492 0.504 0.511 0.5560.5320.530

2 0.5370.5180.5100.4960.4810.482 0.493 0.506 0.517 0.5550.5180.529

3 0.5290.5230.5140.5060.4830.483 0.489 0.507 0.514 0.5610.5210.534

4 0.5320.5200.5070.5010.4860.481 0.488 0.503 0.513 0.5570.5230.528

5 0.5280.5110.4970.492 0.48 0.479 0.482 0.497 0.508 0.5490.5220.529

6 0.5440.5230.4950.4870.4680.463 0.468 0.496 0.503 0.5320.5160.537

7 0.5560.5350.5060.4890.4610.452 0.463 0.477 0.495 0.5330.5150.563

8 0.5490.5330.5060.4950.4660.452 0.462 0.477 0.500 0.5300.5130.539

9 0.5250.5210.4970.5000.4630.460 0.473 0.474 0.475 0.4960.4990.524

100.6090.5610.5980.6170.6380.575 0.600 0.579 0.631 0.6270.6100.612

110.6050.6230.6420.7030.6630.635 0.667 0.66 0.664 0.6570.6100.612

 
Table 8. UT data of a 90˚ elbow (B) at RFO 18. 

a b c d e f g h i j k l 

1 0.5430.5320.5420.5650.5160.503 0.493 0.478 0.485 0.4920.5040.519

2 0.5280.5330.5190.5620.5270.504 0.493 0.483 0.481 0.4970.5150.524

3 0.5290.5380.5220.5550.5210.503 0.498 0.484 0.49 0.5020.5170.522

4 0.5290.5310.5220.5620.5140.500 0.49 0.482 0.492 0.5070.5090.513

5 0.5260.5320.5240.5680.5290.500 0.486 0.483 0.482 0.5030.4970.511

6 0.5460.5360.5210.5290.5080.491 0.474 0.469 0.475 0.4900.4920.518

7 0.5570.5370.5180.5380.4990.481 0.462 0.453 0.465 0.4900.5050.535

8 0.547 0.54 0.5140.5310.5060.488 0.464 0.456 0.467 0.4970.5070.535

9 0.5860.5290.5170.5280.5070.498 0.487 0.478 0.484 0.5050.5060.531

100.5310.5160.4770.4940.4670.476 0.481 0.453 0.459 0.4880.4960.521

11 0.53 0.5320.5350.5320.5380.547 0.534 0.543 0.530 0.5390.5350.537
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Figure 7. Grid layout for a detailed UT examination. 
Figure 5. Application of NAM method for a 90˚ elbow (A). 

 4. Discussion of the Various Methods 

 

This section presents availability of ANOVA-1, TPM, 
and NAM method for answering wall thinning determi-
nation on multiple inspection components. The availabil-
ity above three methods explored based on at least three 
different multiple inspection data of 41 components in 
NPP (nuclear power plant) A and 40 components in NPP 
B. Then a close reading based on visual identification of 
the data made it clear that whether the actual wall thinn- 
ed or not.  

Table 9 shows the thickness data obtained from TE0- 
17AXA (Expander) at each refueling outage. The evalua-
tion results are “No Wear” by ANOVA-1, “Wear” by 
TPM, and “No Wear” by NAM. A close reading of the 
data table makes the component “No wear”. Average thick- 
ness of the minimum measurement area (inside small 
rectangular in the data matrix) at three different RFO is 
1.060, 1.047, and 1.060. Also, the minimum thickness 
data is 0.966, 0.971, and 0.973. This indicates that there 
are no specific parts which have been gradually thinned. 
Therefore, the results by ANOVA-1 and NAM are ap-
propriately evaluated.  

Figure 6. Application of NAM method for a 90˚ elbow (B). 
 

When components are indicated wear is occurring by 
NAM method, further inspection is performed. As shown 
in Figure 7, to point out the presence of wear, the space 
between inspecting points is reduced to a fifth on the 
thinned area. By conducting evaluation process by NAM 
method based on the re-inspected data, it is determined 
whether the component has experienced wear or not. 

 
Table 9. UT data on TE017AXA at each RFO. 

RFO UT Data 
1.003 0.998 0.996 0.981 0.989 0.993 1.003 0.991 0.966 0.980 0.987 0.974 0.989 
1.143 1.112 1.121 1.128 1.114 1.119 1.147 1.133 1.157 1.134 1.136 1.121 1.133 
1.351 1.324 1.302 1.321 1.358 1.372 1.361 1.373 1.380 1.351 1.349 1.347 1.350 
1.538 1.570 1.605 1.691 1.714 1.714 1.682 1.696 1.611 1.605 1.543 1.523 1.526 
1.986 2.025 1.956 1.932 1.919 1.916 1.917 1.927 1.946 1.961 1.963 1.971 1.997 

R-15 

1.725 1.611 1.664 1.643 1.601 1.679 1.667 1.656 1.691 1.681 1.724 1.691 1.719 
1.001 0.998 0.993 0.987 0.992 0.989 0.971 0.988 0.979 0.98 0.988 0.985 0.988 
1.182 1.098 1.105 1.087 1.113 1.114 1.079 1.127 1.131 1.074 1.127 1.129 1.131 
1.336 1.324 1.301 1.321 1.364 1.363 1.360 1.365 1.372 1.350 1.342 1.335 1.332 
1.524 1.548 1.611 1.696 1.739 1.619 1.643 1.678 1.585 1.560 1.542 1.518 1.518 
1.987 2.023 1.957 1.931 1.916 1.911 1.904 1.923 1.944 1.960 1.965 1.970 1.993 

R-17 

1.686 1.612 1.638 1.591 1.683 1.666 1.687 1.645 1.676 1.691 1.706 1.655 1.678 
1.015 1.002 1.001 0.984 0.998 0.993 1.008 0.982 0.973 0.993 0.980 0.976 0.984 
1.157 1.087 1.080 1.136 1.041 1.076 1.141 1.134 1.156 1.122 1.074 1.093 1.091 
1.352 1.323 1.303 1.324 1.357 1.375 1.355 1.373 1.379 1.356 1.347 1.344 1.339 
1.558 1.571 1.611 1.694 1.696 1.705 1.668 1.702 1.592 1.561 1.526 1.514 1.529 
1.990 2.034 1.962 1.934 1.928 1.919 1.926 1.930 1.956 1.964 1.970 1.976 1.999 

R-19 

1.731 1.686 1.639 1.608 1.636 1.644 1.667 1.631 1.672 1.749 1.725 1.681 1.665 
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Table 10 shows the thickness data obtained from 

TF124AXA (Expander) at each refueling outage. The 
evaluation results are “No Wear” by ANOVA-1, “No 
Wear” by TPM, and “Wear” by NAM method. A close 
reading of the table makes the component “Wear”. Av-
erage thickness of the minimum measurement area (in-
side small rectangular in the data matrix) at three differ-
ent RFO is 0.350, 0.336, and 0.331. Also, the minimum 
thickness data is 0.231, 0.217, and 0.190. This indicates 
that there are specific parts which have been gradually 
thinned. Therefore, the results by NAM are only appro-
priately evaluated. TE017AXA, TF124AXA were given 
as component names.  

The results of evaluation by the different methods 
based on 41 components in NPP A are tabulated Table 
11. The results of evaluation by the different methods 
based on 40 components in NPP B are tabulated Table 
12. The following two acronyms are tabulated in the 
column of TPM, ANOVA-1, and NAM. “W” represents 
wall thinning is occurring, “NW” represents wall thin-
ning is not occurring. The last column on those tables 

presents the judgments by a close reading of the thick-
ness data, visual identification. The following three fea-
tures are tabulated in the column of visual identification. 
○ represents wall thinning is occurring, × represents wall 
thinning is not occurring, and △ represents ambiguous to 
determine whether the wall thinning is occurring or not. 

Assuming that the visual identification results for 41 
components placed on NPP A is correct, results from 
ANOVA-1, TPM, and NAM methods shows 39%, 71%, 
and 85% accuracy, respectively. If ambiguous ones are 
being considered as wearing ones, the accuracy is 39%, 
80%, and 100%. Assuming that the visual identification 
results for 40 components placed on NPP B is correct, 
results from ANOVA-1, TPM, and NAM methods shows 
43%, 58%, and 68% accuracy. If ambiguous ones are 
being considered as a wearing, the accuracy is 43%, 70%, 
and 93%. Considering ambiguous ones as wearing ones, 
and put evaluation results from NPP A and NPP B to-
gether, the accuracy of ANOVA-1, TPM, NAM method 
is 42%, 76.5% and 97.5%. It clearly shows evaluation 
results from NAM are more accurate than results from 
the other two methods.  

 
Table 10. UT data on TF124AX at each RFO. 

RFO UT Data 

0.347 0.345 0.347 0.349 0.346 0.346 0.346 0.346 0.346 0.346 0.346 0.345 

0.760 0.764 0.765 0.762 0.764 0.767 0.764 0.766 0.765 0.765 0.766 0.767 

0.769 0.768 0.767 0.766 0.767 0.770 0.770 0.769 0.769 0.768 0.770 0.769 

0.762 0.761 0.760 0.764 0.757 0.757 0.760 0.770 0.761 0.761 0.761 0.758 

0.536 0.534 0.534 0.535 0.535 0.533 0.537 0.533 0.535 0.555 0.494 0.492 

0.239 0.231 0.278 0.302 0.299 0.323 0.319 0.372 0.322 0.280 0.282 0.265 

0.281 0.262 0.258 0.290 0.286 0.322 0.327 0.337 0.322 0.292 0.273 0.283 

R-14 

0.293 0.274 0.274 0.278 0.271 0.306 0.296 0.313 0.298 0.281 0.286 0.293 

0.346 0.345 0.344 0.341 0.344 0.345 0.348 0.343 0.344 0.345 0.344 0.345 

0.758 0.762 0.764 0.764 0.766 0.763 0.764 0.767 0.765 0.768 0.742 0.762 

0.767 0.768 0.767 0.767 0.766 0.768 0.765 0.769 0.770 0.768 0.770 0.766 

0.758 0.759 0.760 0.757 0.754 0.756 0.754 0.759 0.758 0.761 0.759 0.745 

0.509 0.530 0.510 0.495 0.534 0.531 0.530 0.495 0.551 0.481 0.465 0.508 

0.226 0.217 0.259 0.295 0.286 0.310 0.309 0.321 0.319 0.271 0.278 0.261 

0.271 0.252 0.246 0.277 0.273 0.310 0.314 0.333 0.319 0.279 0.263 0.263 

R-15 

0.281 0.269 0.264 0.272 0.264 0.295 0.286 0.292 0.281 0.272 0.270 0.283 

0.347 0.344 0.344 0.347 0.343 0.346 0.351 0.346 0.345 0.346 0.346 0.346 

0.787 0.787 0.762 0.789 0.791 0.786 0.786 0.789 0.790 0.764 0.765 0.767 

0.769 0.791 0.794 0.795 0.788 0.792 0.794 0.792 0.792 0.768 0.796 0.797 

0.795 0.792 0.792 0.787 0.787 0.764 0.763 0.794 0.789 0.794 0.769 0.790 

0.535 0.561 0.534 0.531 0.534 0.538 0.536 0.536 0.533 0.535 0.512 0.534 

0.211 0.190 0.256 0.283 0.274 0.303 0.299 0.317 0.312 0.268 0.274 0.255 

0.247 0.221 0.226 0.250 0.253 0.289 0.298 0.328 0.323 0.257 0.249 0.251 

R-17 

0.255 0.242 0.234 0.238 0.235 0.259 0.258 0.266 0.258 0.237 0.249 0.264 
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Table 11. Comparison of accuracy among wall thinning dis- 
tinction methods for NPP A. 

No 
Component 

Name 
TP
M 

ANOVA-1 
NA
M 

Visual  
Identification

1 TD005AEC W NW W △ 

2 TD011AEC W NW NW × 

3 TE003AEA W NW NW × 

4 TE020FEE NW NW NW × 

5 TE018AEA NW NW W △ 

6 TE018AEC NW NW NW × 

7 TE017AXA W NW NW × 

8 TE016AXA NW NW NW × 

9 TE020DEA NW NW W △ 

10 TE027AEG NW NW NW × 

11 TE054AEA W NW W ○ 

12 TE037CEA NW W W ○ 

13 TE019APH W NW W ○ 

14 TE023AED W NW W ○ 

15 TE024APH W W W ○ 

16 TE037ERA W NW W ○ 

17 TE037FRA W NW W ○ 

18 TE024BXA W NW W ○ 

19 PL025APO NW NW NW × 

20 TF176AEI W NW W △ 

21 TF435AEA W NW W △ 

22 TF190AXB NW NW NW × 

23 TF214AXA W NW W ○ 

24 TF455ATB W NW W ○ 

25 TF470ATA W NW W ○ 

26 TF079BTA W NW W ○ 

27 TF091CTA W NW W ○ 

28 TF530AEJ W NW W ○ 

29 TF530AEI W NW W ○ 

30 TF531BEK W NW W ○ 

31 TF610ATB W NW W ○ 

32 TF522AEJ W W W ○ 

33 TF540AXA W W W ○ 

34 TF604CTC W NW W △ 

35 TF559AED W NW NW × 

36 TF597AXA NW NW NW × 

37 TF098AXA W NW W ○ 

38 TF167AXA W NW W ○ 

39 TF163AEC NW NW NW × 

40 TF124AXA NW NW W ○ 

41 TF122AXA W NW W ○ 

Table 12. Comparison of accuracy among wall thinning dis- 
tinction methods for NPP B. 

No
Component

Name 
TPM ANOVA-1 NAM 

Visual 
Identification

1 TF604CTC W NW W ○ 

2 AM010AXB W NW W ○ 

3 AM011AXB W NW NW × 

4 AM012AXB NW NW W △ 

5 CB003AEE NW NW NW × 

6 CE021AEB NW NW NW × 

7 PL025APO NW NW NW × 

8 TB004AEA NW NW W ○ 

9 TB113ETB NW NW W ○ 

10 TC077APH W NW W △ 

11 TC097AP1 NW NW W △ 

12 TD023CEA W NW NW × 

13 TD071AEE W W W ○ 

14 TD076ARA NW NW NW ○ 

15 TE018AEC NW NW W △ 

16 TE018AXA NW NW NW × 

17 TE020DEA NW NW NW × 

18 TE024AEB W W W ○ 

19 TE024AED W W W ○ 

20 TE024AXA W W W ○ 

21 TE027AEE W NW W △ 

22 TE037BEC W NW W × 

23 TF079BTA NW NW W × 

24 TF086BXA NW NW NW × 

25 TF097ATA W NW W ○ 

26 TF164AEF W NW W ○ 

27 TF165AEA W W W ○ 

28 TF177AEI W NW W △ 

29 TF190AXB W NW W ○ 

30 TF212AEA W NW W ○ 

31 TF237ATA W NW W ○ 

32 TF269AEC W NW W ○ 

33 TF423AEF NW NW W △ 

34 TF426AEA W NW W ○ 

35 TF453ATA W NW W △ 

36 TF453ATB NW NW W △ 

37 TF534AXA W W W ○ 

38 TF542AEA W NW NW × 

39 TF542AEB W NW W ○ 

40 TF604CTA W NW W △ 
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5. Conclusions 

To manage the wall thinning of carbon steel piping, 
thickness inspection for a certain amount of components 
has performed with the full-grid layout during every re-
fueling outage. Then continue to use or replacement are 
determined by evaluating the UT inspection data. Yet, 
occasionally local wall thinning such as erosion damage 
cannot be examined with the full-grid layout due to the 
distance between inspection points is too large. In addi-
tion, unnecessary re-inspection may be generated due to 
manufacturing or measurement errors for components in 
spite of no wearing. Problems may appear economical 
loss due to unnecessary repeated inspection on compo-
nents, wall thinning does not evidently progress, and 
unstable pipe integrity due to reduced new inspection 
components by increasing components needed to be 
checked in limited inspection period. 

The NAM method, developed by KEPCO-E&C, is for 
distinguishing whether at least three different inspecting 
components have been thinned or not. The evaluation 
process of NAM method is first selecting the minimum 
thickness point and neighboring 8 points of it from the 
last order of inspection thickness data and then calculat-
ing average value of slopes for the 9 points by inspection 
period. Wear is indicated when the average value of 
slops is negative. When components are indicated wear is 
occurring by NAM method, detailed UT inspection is 
performed with reduced space between inspecting points. 

A total of 81 components, multiple inspection ones, 
placed on different two nuclear power plants were evalu-
ated by ANOVA-1, TPM, and NAM method. The analy-
sis results from NAM method show more high accuracy 
than results from the other two methods 
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