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Development of Wall Thinning Distinction Method using the
Multi-inspecting UT Data of Carbon Steel Piping
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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 refueling outages and determined whether repair
or replacement after evaluating UT (Ultrasonic Test) data. When the existing UT data evaluation methods, such
as Band, Blanket, PTP (Point to Point) Methods, are applied to a certain pipe component, unnecessary re-inspecting
situations may be generated even though the component does not thinned. In those cases, economical loss caused
by repeated inspection and problems of maintaining the pipe integrity followed by decreasing of newly inspected
components may be generated. EPRI (Electric Power Research Institute) in USA has suggested several statistical
methods, TPM (Total Point Method), LSS (Least Square Slope) Method, etc. to distinguish whether multiple
inspecting components have thinned or not. This paper presents the analysis results for multiple inspecting components
over three times based on both NAM (Near Area of Minimum) Method developed by KEPCO-E&C and the

other methods suggested by EPRI.
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Fig. 1. Full grid inspection points.

A B c D E F G H 1 J K

1 8.402 0.407 08.405 0.402 0.404 0.401 0.397 08.399 0.401 0.406 0.409
2 0.39% 0.396 08.403 8.401 0.4 0.401 08.395 08.4062 0.394 0.409 [

3 0.395 0.398 0.404 0.405 0.402 0.403 0.405 0.412 0.409 0.412 0.41

4 8.396 0.386 8.395 08.409 8.372 08.413 08.429 8.41 8.411 8.378 8.39

5 08.39 0.382 08.392 8.407 0.385 0.412 0.426 8.42 0.408 0.388 0.392
6 0.396 0.39 0.398 0.41 0.392 0.417 0.429 0.424 0.401 0.39 0.39

7 08.397 0.384 08.397 0.407 0.384 0.417 0.426 8.421 0.4 0.389 0.397
8 08.397 0.388 08.403 8.407 08.392 0.416 0.423 8.421 0.415 8.39 0.403
9 0.4 0.388 0.404 0.404 0.394 0.411 0.42 0.416 0.405 0.4 0.405
10 8.401 8.395 8.411 8.404 08.396 8.411 08.412 8.412 0.421 8.405 8.402
11 8.485 0.389 8.414 8.414 0.401 0.411 0.411 8.413 8.402 0.408 0.404
12 9.397 0.392 0.411 0.413 0.403 0.414 0.407 0.411 0.405 0.403 0.406
13 9.403 0.389 0.407 0.412 0.395 0.418 0.4 08.396 0.397 0.392 0.399
14 0.407 0.391 8.m 8.407 0.387 0.409 0.397 08.394 0.39 0.389 0.392
15 0.403 0.39 0.407 0.406 0.385 0.402 0.388 0.4 0.388 0.382 0.398
16 0404 0.387 08.403 08.406 0.385 0.404 0.392 08.394 8.388 8.376 0.402
17 08.397 0.384 8.407 8.407 0.387 08.412 0.394 08.396 8.386 8.371 0.401
18 9.397 0.384 0.407 0.408 0.392 0.415 0.395 0.393 0.389 0.376 0.406
19 98.399 0.383 8.418 0.407 0.389 8.4 0.387 08.383 0.374 0.368 0.398

Fig. 2. Example of UT data.
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Fig. 3. Example of wear rate histogram.

Table 1. UT data by refueling outage

-8.8 -13.1 -17.5 -21.9 -26.3 -30.6

Refueling Outage|

- - R-15 R-16 R-17 R-18
Inspection Points
a0l 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
al0 0.510 0.511 0.511 0.512
all 0.506 0.508 0.505 0.507
al2 0.502 0.503 0.503 0.504
al3 0.494 0.496 0.495 0.497
al4 0.501 0.500 0.502 0.504
als 0.504 0.505 0.505 0.506
al6 0.508 0.508 0.509 0.509
al7 0.508 0.508 0.509 0.509
al8 0.506 0.506 0.506 0.506
al9 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
bll 0.506 0.503 0.504 0.502
bl2 0.502 0.501 0.502 0.504
bl3 0.497 0.497 0.497 0.498
bl4 0.503 0.502 0.503 0.503
bl5 0.502 0.504 0.502 0.502
bl6 0.508 0.507 0.508 0.510
bl7 0.508 0.508 0.508 0.510
bl8 0.503 0.501 0.504 0.503
bl19 0.504 0.505 0.504 0.505
Total 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
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Table 2. Variance analysis of UT data.

Source of Variation Degrees of Freedom Sum of Squares Mean Square F Ratio P-Value F Crit

Between Groups 3 4.9125E-05 1.6375E-05

Within Groups 148 0.09498 0.000641747 0.02552 | 0.99447 | 2.66573

Total 151 0.095027625 -

IS TR SIAEIRS ARt Fig. 32 A ddddol sl WEE Sato] o] 1AL 3=
E S|AEIHS o2A Yehd Zlolth 4 W] & gt o7 M= NOVA 1 Method& 01%0}04 ks
BEE PR FAEY FEEO] G5 Aol AFo]  KolE wAT o)F ANUTh Table 12 WA A5
AHE I e YL, 559 Afole 250] I3y 2 IRIES] 57 HoJElE BojEt Table 2= Table 14
A A b= YR FaR Fig. 3oiM Wehaz 9li= UT dIojEE o] &ste] Srhid s a8 d3ts vehd
¥ HEUES 2] 71: H0] 4.4 mils/year24 ¢ Zlojth 5 X18)o R whE S 9f 7157 (Null Hypo—
FolnE Y HEVEL AFo] APAT YL el thesis) & PA EQIE UT dlole)r}h Aatasee) etst
pilsy U= Zlolth =, UT dlolg 9] Fatgko] A e sdsitt

= oItk Table 2014 # 4 Q%] BAHEHelA 273

3.2 ANOVA-1 Method A @) F Ratio 0.02552+ 7|4k (F Crit, 2.66573)
QR o]2) el ANOVA-1 Methodi= 51 6 56} 2] wiiel 9157142 Aoant, Eek folss
ol A 7IW& o]g-sto] wid AXTES] 7H57IsE of - YERJ & P—Value 0.994472 1791"7L71F 0.05 Bt} =27]
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[R-13] [R-16]
a b c d e f g h i ] k 1 a b c d e f g h i ] k 1

0.464]0.493|0.516]0.507|0.501|0.539{0.511| 0.51 |0.496{0.511|0.466|0.488
0.458]0.492{0.494]0.501|0.499|0.522|0.526|0.497|0.508{0.518|0.490|0.488
0.449] 0.48 {0.493]0.488|0.499|0.534| 0.53 [0.501|0.506{0.511]0.482|0.475
0.441] 0.47 |0.478]0.489|0.507|0.543|0.579/0.516|0.515|0.516|0.488|0.483

1 0.467]0.494(0.504]0.503|0.500(0.525|0.513/0.489|0.487(0.511{0.469|0.491
2

3

4

510.431]0.474]0.483]0.496|0.521]0.556|0.551|0.532|0.521{0.516|0.4930.480

6

7

8

9

0.461]0.492|0.494]0.502|0.500(0.525|0.523/0.496|0.512|0.514|0.492|0.493
0.449)0.479{0.489]0.489|0.498|0.527|0.530/0.498|0.508{0.511]0.485|0.489
0.439]0.471{0.480{0.490|0.504|0.541{0.543/0.519|0.512|0.514|0.489|0.476
0.436]0.477]0.484]0.500/|0.516|0.555|0.559/0.533|0.523|0.516|0.494]0.486
0.436|0.487]0.500{0.519|0.530(0.561{0.562/0.538|0.521{0.515|0.490]0.481
0.440]0.490]0.504]0.515|0.525|0.563|0.556/0.533|0.510{0.517|0.485]0.478

0.431]0.486]0.500{0.512|0.523|0.561{0.554|0.539|0.523|0.512|0.4910.476
0.438]0.491]0.508]0.514|0.528| 0.56 |0.559(0.532|0.508{0.509|0.484]0.490
0.449]0.498(0.499]0.503|0.524|0.551{0.560[0.530|0.509(0.529|0.494|0.504 0.453]0.498(0.503]0.510/0.521]0.558{0.553/0.529|0.510{0.506|0.496|0.494
0.467]0.509{0.500{0.505|0.521]0.553|0.556|0.526|0.516{0.513]0.508|0.507 0.469|0.505{0.503]0.506|0.514|0.554|0.552(0.527|0.510{0.518]0.514|0.508
10]0.473{0.501]0.502(0.489{0.510]0.546|0.548|0.529|0.516]0.528|0.522|0.505 10]0.470{0.505]0.503{0.489|0.509{0.547]0.546|0.530|0.521|0.530{0.524|0.510
11]0.471]0.494]0.498(0.484(0.500(0.541]0.543|0.523|0.516]0.537|0.530{0.513 11]0.468(0.498]0.491(0.483|0.501]0.546]0.546|0.523]0.515]0.539(0.531{0.509
12]0.479(0.506]0.513(0.490{0.508]0.534 0.564|0.520{0.511]0.540(0.529|0.506 12]0.480{0.507]0.515[0.493|0.506|0.533[0.543|0.519|0.512]0.545[0.529{0.511
[R-18]
a b c d e f g h i ] k 1
0.464]0.494]0.511]0.505|0.503|0.518{0.520/0.499|0.493|0.508|0.476|0.486
0.459]0.493{0.493]0.499|0.497|0.527|0.526|0.500|0.516{0.518]0.4890.490
0.447]0.481{0.489]0.487|0.494|0.537|0.548/0.497|0.509|0.509|0.480|0.488
0.437]0.471{0.479]0.486|0.499|0.542|0.558/0.514|0.513|0.512|0.485|0.476
0.438]0.477]0.486]0.498|0.523|0.558|0.564|0.531|0.515(0.515]0.493]0.483
0.434]0.487]0.499]0.517|0.529|0.560{0.551|0.538|0.506|0.508|0.487]0.478
0.440]0.491]0.501{0.5110.527|0.562|0.556|0.530|0.505(0.506|0.476]0.474
0.451]0.499{0.498]0.507|0.518|0.558|0.549/0.530|0.503|0.503]0.491|0.494
0.469|0.503{0.500{0.505|0.517|0.553|0.546/0.526|0.517|0.512]0.510/0.512
0.469]0.498(0.502{0.493|0.509|0.544|0.544|0.529|0.527|0.527|0.521|0.511
11]0.465(0.493]0.490(0.481{0.501]0.545[0.542|0.525|0.533]0.534|0.528|0.509
12]0.476{0.503]0.511(0.496{0.506|0.534 |0.545|0.518]0.538]0.539(0.528|0.508
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Fig. 4. UT data by refueling outage.

CORROSION SCIENCE AND TECHNOLOGY Vol.11, No.5, 2012 175



3.3 NAM Method
NAM Method+= v #752] X138 o -5 ®r} 4
= (5 ollA AFA] 7dst
oh 2 WHE AR upAu 2] A A HlolE] T 7t
dE UT dlojg] 2 dlolE| & o] g-ato] Z} A4
Hatskal Fatgto] Srold o] X
A= HAoltt ool FA f554
S ZRJAEARE 7H5o] WAsh= Zo] of
17} SAlell SFobxith= thdzte] Ao upE Zo
T

S =) o=
w3 A 5 Y

SFAl
W 7
o]

7

o
P

Ne= Ao
g yige
=]

g 54

1o

—n
N

877

ful

KYEONG MO HWANG, HUN YUN, AND CHAN KYOO LEE

ol
[¢]

ok

I

Fa

l 1
v wEd
7 Az

b
o

Thickness, in

S
=

04

Fig. 5. Graph applying NAM Method.
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Table 3. UT data of Expander (TE017AXA) by refueling outage

RFO UT data Review Results (in)
1003 1006 1002 1003 0998 0986 0998 0996 0981 0939 0993 1003 ocer o096 o098l 0ea7 o072 oosgl - Total Average : 1.462
1143 118 114 1146 1169 1187 1112 1121 1128 1114 1119 1147] 1133 1157 1134 1136 1121 1133 .

- Tmin : 0.966

1351 1355 1338 1360 13096 1379 1324 1302 1321 1358 1372 1361 1373 138 1351 1349 1347 135

R-15 1538 1507 1503 1578 1540 1604 157 1605 1691 1714 1714 1682 1696 1611 1605 1543 1523 1526 - BOX Average : 1.060
1086 2054 2081 2008 2045 2078 2025 1056 1932 1919 1916 1017 1927 1946 1961 1963 1971 1997
1725 1695 1733 1743 1708 1773 1611 1664 1643 1601 1679 1667 1656 1601 1681 1724 1691 1719
1001 1007 101 1004 00994 099 0998 00993 0987 0992 00939 0971 0988 0979 093 0sss 0985 o9ss| - Total Average : 0.449
1182 1131 1131 1098 1100 1189 1098 1105 1087 1113 1114 1079 1127 1131 1074] 1127 1129 1131 .

- Tmin : 0.971

1336 1344 1328 1358 1389 1377 1324 1301 1321 1384 1363 136 1365 1372 135 1342 1335 1332

R-17 1524 1538 1502 1589 1515 1585 1548 1611 1606 1739 1619 1643 1678 1585 156 1542 1518 1518 - Box Average 0 1.047
1887 2037 1938 2060 1085 2073 2023 1057 1931 19816 1911 1904 1923 1944 196 1965 197 1003
1686 1654 1672 1747 1713 178 1612 1638 1501 1683 1666 1687 1645 1676 1691 1706 1655 1678
1015 1011 1005 00989 00998 098¢ 1002 1001 0984 0998 0993 1008 0982 0973 0993 o098 0976 0984| - Total Average : 1.455
1157 1165 1134 1099 1121 1252 1087 108 1135 1041 1076 1141 1134 1156 1123] 1074 1093 1091| = Tyjin - (.973

R-19 1352 1351 1341 1352 1401 1383 1323 1303 1324 1357 1375 1355 1373 1379 1356 1347 1344 1339 Box Average : 1.060
1558 1591 1563 1556 1563 1615 1571 1611 1604 1696 1705 1668 1702 1502 1561 1526 1514 1529

199 1962 202 2037 2058 2073 2034 1962 1934 1928 1919 1626 103 1956 1984 107 1a7s 1ggg|| » Distinction Result :

1731 1665 1692 172 168l 1757 1686 1639 1608 1636 1644 1667 1631 1672 1749 1725 1681 1665 No Wear

176
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DEVELOPMENT OF WALL THINNING DISTINCTION METHOD USING THE MULTI-INSPECTING UT DATA OF CARBON STEEL PIPING

Table 4. UT data of Expander (TF124AXA) by refueling outage

RFO UT data Review Results (in)
0346 0346 - Total Average : 0.506
- Tmin : 0.231

Box Average : 0.350

Total Average : 0.498
- Tmin : 0.217
Box Average : 0.336

Total Average : 0.503
Tmin : 0.190

Box Average : 0.331

» Distinction Result : Wear

Table 5. Wear distinction for multiple inspecting components

mponen isual isual

No CON:;: Y1 TPM  [ANOVA-1| NAM . derzi;‘;zﬁon No.|Comp Name| TPM |ANOVA-1| NAM | deli;‘liﬁon
1| TDOOSAEC | Wear | No Wear| Wear A 22 | TF190AXB | No Wear| No Wear |No Wear X
2 | TDOI1AEC | Wear |No Wear |[No Wear X 23 | TF214AXA | Wear | No Wear | Wear @)
3 | TEOO3AEA | Wear | No Wear |[No Wear X 24 | TFA55ATB| Wear | No Wear | Wear @)
4 | TEO20FEE |No Wear | No Wear |No Wear X 25 | TF470ATA | Wear | No Wear | Wear @)
5| TEOI8AEA [ No Wear| No Wear | Wear A 26 | TFO79BTA | Wear | No Wear | Wear @)
6 | TEOISAEC | No Wear| No Wear |[No Wear X 27 | TFO91ICTA | Wear | No Wear | Wear @)
7| TEOI7TAXA | Wear | No Wear |[No Wear X 28 | TF530AE] Wear | No Wear | Wear o
8 | TEOI6AXA |No Wear| No Wear [ No Wear X 29 | TF530AEI Wear | No Wear | Wear @)
9 | TEO20DEA |No Wear| No Wear | Wear A 30 | TFS31BEK | Wear | No Wear | Wear @)
10| TE0O27AEG |No Wear| No Wear |No Wear X 31 | TF610ATB | Wear | No Wear| Wear @)
11| TEOS4AEA Wear | No Wear | Wear O 32 | TF522AE] Wear Wear Wear @)
12| TEO37CEA |No Wear| Wear Wear O 33 | TF540AXA | Wear Wear Wear o
13| TEOI9APH | Wear | No Wear| Wear O 34 | TF604CTC | Wear |No Wear| Wear A
14| TE0O23AED | Wear | No Wear | Wear (@) 35 | TF559AED | Wear | No Wear |[No Wear X
15| TE024APH Wear Wear Wear O 36 | TFS97AXA | No Wear| No Wear | No Wear X
16| TEO37ERA Wear | No Wear| Wear O 37 | TFO98AXA | Wear |No Wear| Wear o
17| TEO37FRA Wear | No Wear| Wear O 38 | TF167AXA | Wear |No Wear| Wear o
18| TE024BXA | Wear | No Wear| Wear (@) 39 | TF163AEC | No Wear| No Wear |[No Wear X
19| PLO25APO |No Wear| No Wear |[No Wear X 40 | TF124AXA | No Wear| No Wear | Wear @)
20| TF176AEI Wear | No Wear | Wear A 41 | TF122AXA | Wear | No Wear | Wear @)
21| TF435AEA | Wear | No Wear| Wear A - - - - - -
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