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Probabilistic Reliability Analysis of Ultrasonic Inspection System about
Sizing Performance of Defects in Piping on Nuclear Power Plant

Hyun-Mook Kim, Jee-Hong Jung, Yong-Woo Jy, Kyung-Young Jang,
Ik-Keun Park, Yoon-Won Park
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Abstract

The performance demonstration round robin test was conducted to quantify the capability of
ultrasonic inspection for in-service and to address some aspects of reliability for nondestructive
evaluation. The fifteen inspection teams who employed procedures that met or exceeded ASME Sec. XI
code requirements detected the piping of nuclear power plant with various cracks to evaluate the
capability of detection. With data from PD-RR test, the performance of ultrasonic nondestructive
inspection could be assessed using probability of length and depth sizing of cracks.
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Table 1 Design variables

Design - Inspection Conditions- Defined by
Varigble the: Variables
Specimen 304L Stainless Steel
Type SA 312 TP347 Stainless Steel
Thermal Fatigue Crack(TFC)

Defect Type | £pM Notch

Defect Axial Crack

Geometric Circumferential Crack
Defect Size B‘lank, Size 1, Size 2, Size 3,
Size 4
Inspection | A : ISI Vendor
Group B : NDT Co. Ltd.
Inspection 15 Teams
Team
Procedure ASME Code or Advanced
Type
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Fig. 2 Regression fit of al team's length sizing
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Fig. 3 Regression fit of length sizing (a) ASME
Code (b) Advanced

Table 2 Summary of linear regression fits for

length sizing
Team a | b r | RMS(mm)
All 4.03046{0.94849] 0.81973 | 9.81299
Inspection A 13.54538/0.96187|0.84166 | 9.86193

Group B {4.96085|0.92585|0.78367 | 10.0525

Inspection [ASME [4.75415 0.89398( 0.7998 | 10.06745
Type Adv. [3.95375/1.02287{0.86354 | 8.83462

a = intercept of y(x)

b = slope of y(x)

r = correlation coefficient

RMS = root mean squared
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Table 3 Reliability of length sizing performance
with inspection variables

St | Swer | sie3
125250 | 2684245 | 365+296
#18 #19 #15
125%56" |83%124"355+323|464%253| 4o | 20
1 3 #l w1 5 :
126119 | 257241 |361286| BT+52| ¢ | 11
) 8 8 P i
127+54" | 267+253 3481200 659=238| ¢ | 101
#16 #37 #56 #47 : :
110488 | 30.1+259 |302%324] 536227
Advanced| ) 41 s o | 63 | 107

# : Number of Inspection, * : 90% Confidence Level, ** : 50% Confidence Level



Table 4 Reliability of length sizing performance
with specimen variables

Size MD. Mean
Defect Size 1 Size 2 Size 3 | Size 4 [mmi 8D
[iVariables Tromll]
N 253121' [587£318]
. TFC o 410 14 | 130
Type EDM . 424%363 |438+165| __
o 2 35 | 120
- 1142+105™ | 1761134 467202
T 4 412 - sz |30
Geometrie |Ciromfer] 1224110 [208+260°| __ [480%284 , 1},
encial #14 837 #50 - -

# : Number of Inspection, * : 90% Confidence Level, ** : 50% Confidence Level
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Table 5 Reliability of depth sizing performance
-with inspection variables

Size ] ‘ MD. Mean
Inspection Siet ] Swe2 | Sies | Sized -1 b,
Variables foml{ ot
45425 | 7847 | 8247 |111179°
Total 54 | 52
48 #49 5 162
6827 | 11225 | 114%46" |123%51"
5 27 5 [ 114246 |12 o6 | o4
43 w1 w7 6
Growp 5 | 34%18 | 6atsse | 68ar (102574 | (T
5 8 48 43 ' :
59126 | 63%42¢
6127ee |782450| 72 | 4
AsME |7 v | 664270 | 185450 7
Frocedure dvmen| 58327 13255 4w 139257 0¥ 128] ) |
aed| #2 #9 #15 - :

# : Number of Inspection, * : 90% Confidence Level, *+ : 50% Confidence Level

Table 6 Reliability of depth sizing performance
with specimen variables

Size Lo ITMDY
ize 1 ize 3 i 8D,
 Varabis ‘ | Size 2 S& Size 4 2 }[mn
: e 103+46™(141%57"
SR -- -~ X 74
Defect | PO n1 | w0 46
< Type EDM | 9379 | 68+58 B 62| 36
e l noich #12 #12 T
e 81+29"| 9679 121%69”
: Axial -- 57| 6.
Defect: | #4 #12 #12 3
Geometric] 152424 81461 108+81°
MRS o ircumfersacial -- 51 59
[ tc 1 w4 #37 wo | >

# : Number of Inspection, * : 90% Confidence Level, ** : 50% Confidence Level
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