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UT(Ultrasonic Test), one of the non-destructive tests, is the most common thickness measurement method for
evaluating the wear rate in NPPs(Nuclear Power Plants). UT is used widely because it is easy and safe for
use. However some amount of error inevitably occurs in attempting to measure the thickness. The error, that
could make the thickness data thicker or thinner, may affect estimation of wear rate in pipes. NPPs are composed
of a lot of pipes and components. Some of them are tested to check the current status during RFO(Re-Fueling
Outage). Reliability analysis of UT is essential for evaluating pipe wear rate and establishing the long-term management
plan in NPPs. This paper reviewed the cause of error occurrence and presented the UT data reliability analysis
method. Also, this paper shows the application result of reliability analysis to the UT data acquired in NPPs.
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Fig. 1. Damaged Pipe by FAC.
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Table 1. Component List

Comp. Pipe Size| Tnom |Pipe Size| Tnom
No Name Type (U/S) (U/S) (Br) (Br)
(in) (in) (in) | (in)
1 | DR0O622P03 | Pipe 4.5 0.237
2 | DR0623P02 | Pipe | 2.875 | 0.203
3 | ER1722T01 | Tee 24 0.5 12.75 0.5
4 | ER1822T01 | Tee 24 0.5 12.75 0.5
5 | ES0421E02 | Elbow 18 0.5
6 | ES0421E03 | Elbow 18 0.5
7 | ES1721E02 | Elbow 18 0.5
8 | ES1721E04 | Elbow 18 0.5

4 }04 Table 19 A3 ZELJEB UT
Bl 113 Z}zke]| tjsto] Table 29} o] T4
FAEH, AFE 23 F-91E 7R F UES EW& tll
olE] EAEES VLSSt A HolEleA] Ao
A AL QoMo TAF T, QRS Ao do Mo 1
Alate] AAHRL A REE A shebd F w9
t}. Table 1o AASE AEAE 77} ﬂ% stod Oifﬂ A
AR, SAM, 18] "ol ] &2
A

!

Z4ol Baw  HES i oA 247
o BAe) B ARG SARAL 279
UT deolBE 55 As2 F, 77 gugos T

2 sl &

e %M] ikl g I Sag

F3ste] dlolE o] A EE BHrlshs WHolth HHEHL A A
1
QT = g(z(i—l,j—1)+x(z‘,j DT Za1-1) TT6-1) T, TT6- 1]+1)+$(z]+1)+x(z+1j+1)) %)

o714, « : Safety Factor
1, j : Grid Coordinate
x . Thickness Reading

HI

4. L= ZM Aa}

4.1 ZAL diolH
UT dHlole] B7Fs sl Al 94 2215 %

oA

A5 UT dolH g B4sieith 245 wa Axdes
Gapel net vjol L, Awg, ol AdY, URA, H Foz

132

v A5 AFE 292 FR7eQIth Table 3& X E
F43 AF T B4 Aulo] o rjot}, Table 4& SAMS
g3k 2F T 74 A Aot

7} AL E|A 485 AlF & BA A1Z Table 59
AABFACE FEEE E83 2R A2 O] 4
ol A& ko] AEEH Ak of= AFA| H“ﬁﬁ* Tﬂﬂ

4AAMﬂ}~ﬂ°dM&d

ok QS o= RS SePEdelA £7 o] A,
AZAES] A4 TRE 34 hol MR 0= A,

CORROSION SCIENCE AND TECHNOLOGY Vol.11, No.4, 2012



RELIABILITY ANALYSIS OF UT MEASUREMENT FOR EVALUATING PIPE WALL THINNING IN NUCLEAR POWER PLANTS

Table 2. Thickness Gradient of the Component UT Data

AF UG

Ao er A B C D E F G H I J K L
1 0.244 | 0.248 | 0.237 | 0.237 | 0.244 0.25 0.242 0.25 0.247 | 0.255 | 0.247 | 0.242
2 0.243 | 0.247 0.24 0.238 | 0.241 0.25 0.241 | 0.247 | 0.243 | 0.255 | 0.249 | 0.242
3 0.248 | 0.247 | 0.237 | 0.237 | 0.241 | 0.249 | 0.239 | 0.241 | 0.245 | 0.261 | 0.251 | 0.242
4 0.247 | 0.249 | 0.238 | 0.237 | 0.239 | 0.248 | 0.239 | 0.246 | 0.246 | 0.262 | 0.246 | 0.241
5 0.243 | 0.248 0.24 0.236 | 0.239 | 0.249 | 0.238 | 0.241 | 0.243 | 0.265 | 0.243 | 0.241
6 0.241 | 0.248 | 0.238 | 0.238 | 0.243 | 0.248 | 0.237 0.24 0.241 | 0.253 | 0.243 | 0.238
7 0.242 | 0.247 | 0.239 0.24 0.248 | 0.248 | 0.237 | 0.239 0.24 0.252 | 0.245 | 0.237
8 0.238 | 0.249 0.24 0.238 | 0.247 | 0.246 | 0.234 0.24 0.239 | 0.253 | 0.247 | 0.243

NHE 23
Table 3. Reliability Analysis Result of Normal Distribution

AT

Joluer A B C D E F G H I J K L Summary
1 0.2580.254 | 0.24 |0.249|0.258 | 0.26 | 0.275]0.273 | 0.271| 0.27 | 0.263 | 0.259 | E : 0.261
2 0.257|0.255|0.245| 0.25 | 0.259 | 0.261 | 0.277 | 0.275 | 0.273 | 0.27 | 0.264 | 0.259 | EF=HA} : 0.011
3 0.251|0.256 | 0.245| 0.25 | 0.258 | 0.262 | 0.283 | 0.28 |0.274 | 0.27 | 0.269 | 0.259 | <] +7ZF : > 0.2833
4 0.251]0.254 | 0.245 | 0.252 | 0.259 | 0.266 | 0.29 | 0.277 | 0.277 | 0.272 | 0.266 | 0.257 | 91X : G4,G5,G6,G7
5 0.251]0.259|0.245 | 0.252 | 0.256 | 0.268 | 0.291 | 0.278 | 0.278 | 0.273 | 0.267 | 0.262
6 0.255]0.257 | 0.246 | 0.249 | 0.256 | 0.269 | 0.293 | 0.276 | 0.276 | 0.27 | 0.266 | 0.257
7 0.257|0.258 | 0.248 | 0.249 | 0.253 | 0.275 | 0.287 | 0.277 | 0.275 | 0.266 | 0.264 | 0.258
8 0.254|0.258 | 0.245 | 0.248 | 0.248 | 0.27 [ 0.276 | 0.277 | 0.27 | 0.267 | 0.266 | 0.254
9 0.255]0.254|0.244 | 0.248 | 0.248 | 0.262 | 0.278 | 0.273 | 0.265 | 0.266 | 0.264 | 0.252
10 0.252{0.257|0.245|0.248 | 0.248 | 0.26 [ 0.273 | 0.269 | 0.265| 0.27 | 0.264 | 0.249
11 0.251]0.256|0.246 | 0.252 | 0.25 |0.261 | 0.265 | 0.26 |0.263 | 0.27 | 0.262 | 0.251
12 0.251{0.256 | 0.247 | 0.253 | 0.252 | 0.254 | 0.261 | 0.258 | 0.257 | 0.272 | 0.265 | 0.252

Table 4. Reliability Analysis Result of SAM

AF Y

Toluer A B C D E F G H I J K L Summary
1 0.499 | 0.479 | 0.488 | 0.478 | 0.503 | 0.514 | 0.503 | 0.52 | 0.488 | 0.479 | 0.48 [0.505| ¥ #] : C4
2 0.501 | 0.475|0.485|0.479 | 0.502 | 0.513 | 0.506 | 0.518 | 0.49 |0.483|0.484 [ 0.501 | =9 : (B3:D5)
3 0.512]0.471|0.488|0.476| 0.5 |0.514]0.511|0.516|0.488 |0.481|0.484 [0.501 | +HHF : 0.477
4 0.5120.472 | 0.546 | 0.479 | 0.503 | 0.52 [ 0.5130.519 | 0.49 | 0.487 | 0.483 | 0.505 | F<]+7F : > 0.537
5 0.5140.473 | 0.486 | 0.476 | 0.501 | 0.52 [ 0.517 | 0.515|0.489 | 0.479 | 0.481 | 0.496
6 0.511]0.471]0.484|0.478 | 0.5 | 0.52 | 0.519|0.518 |0.487 | 0.476 | 0.483 | 0.494
7 0.504 | 0.468 | 0.484 | 0.478 | 0.503 | 0.52 | 0.513 | 0.515|0.482 | 0.469 | 0.483 | 0.493
8 0.507 { 0.469 | 0.484 | 0.48 | 0.506 | 0.517|0.512 | 0.512|0.482|0.465 | 0.477 | 0.489
9 0.5 10.472(0.484 | 0.477 | 0.503 | 0.518 | 0.51 | 0.506 | 0.477 | 0.465 | 0.478 | 0.49
10 0.492 | 0.469 | 0.484 | 0.484 | 0.505 | 0.508 | 0.504 | 0.505 | 0.478 | 0.471 | 0.479 | 0.489
11 0.492 | 0.47 | 0.483]0.479 | 0.502 | 0.505 | 0.493 | 0.501 | 0.485 | 0.475 | 0.478 | 0.487
12 0.492|0.476 | 0.485 | 0.474 | 0.501 | 0.497 | 0.472 | 0.511 | 0.483 | 0.472 | 0.473 | 0.488
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Table 7. Result of Reliability Analysis

No | Comp. Name Xg(i;f)’{ SAM %;L};@')@

1 DR0622P03 o

2 DR0623P02 (¢} o (0]

3 ER1722T01 (¢} o (0]

4 ER1822TO01 o

5 ES0421E02 o

6 ES0421E03 (6] (¢} O

7 ES1721E02 (6]

8 ES1721E04 (6]
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