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Reliability Assessment of Ultrasonic Nondesturcive Inspection on
Piping in NPP - The Result of PD-RR Test - (Part I)
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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 pinping 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 detection and length and depth sizing of cracks.
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Table 1 Design variables

|

Design Inspection Conditions Defined by
Variable the Variables
Specimen 304L Stainless Steel

Type SA 312 TP347 Stainless Steel

Defect Type

Thermal Fatigue Crack(TFC)
EDM Notch

Defect
Geometric

Axial Crack
Circumferential Crack

Defect Size

Blank, Size 1, Size 2, Size 3,

Size 4
Inspection ISI Vendor and NDT Co. Lid.
Group
Inspection 15 Teams
Team
Procedure |\ oME Code or Advanced
Type
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Table 2 Summary of detection performance

Group A Group B

Dsclf::t ASME | Advanced | ASME | Advanced
Blank

FCP 0.152 0.400 0.286 0.450
# Insp. 46 20 70 20
Size 1

POD 0.350 0.063 0.071 0.063
# Insp. 40 16 56 16
Size 2

POD 0.519 0.583 0.548 0.417
# Insp. 27 12 42 12
Size 3

POD 0.553 0.625 0.696 0.563
# Insp. 38 16 56 16
Size 4

POD 0.792 1.000 0.886 0.500
# Insp. 24 10 35 10

FCP ; false call probability
l:’OD ; probability of detection
Insp. ; Number of inspection

Table 3 Summary of detection performance for

specimen variables

Size
Type
EDM Notch
POD
# Insp.
TFC
POD
# Insp.

Size 1 Size 2 Size 4

0.800
15

o olsp Z& HlA

7~)-1‘—o]] o &

2 T

H A
AR 9N 2EA
Oi v}e}stt}. Table 3 A]?ﬁﬁ

Ho] B AT HZE Yz Yok
EDM notch7} 1] 53] z}os_@zgm SA}gh TFCO|
Wel AEsEol ®A dehd Aoz mol Ui
A ZAe] AL U AEHEL 2h @A
Uehg Rz d3o| sbedith metd g

$o) A2l WAL @Yol F& % 4 9

gt

e
e

Fig. 1& %&34A} PD-RRTo] Fo] 3 g

HejZE POD 2Hg et
2ea e BEASE
% itk 2d9 =77
ge Z7laA G o4H
95% A1) 77k Eo| FowA
YA NRH 12 Yehs Fgol
248 Bra] PR
£ A7ESE Arae 2
B7so] 2H on)
A¢ Qo o WA 7
ge HANse WsE T
2245 AL § Ak

=

Yehd &
ZNEsE AE
AEgE F
POD7} #&
1= R = -
POD g7}
ojt}. 2@ o
Hose A
Zhe] AR
PODE FA3lH

fa)

=



.
08 ol
.
06}
[a]
g
04+
02
¢e
ol—aia o 4 .o PR | t
4] 10 20 30 40 50 60 70
Crack Length [mm]
(@
1.0
o
.
o8t .- e
e g .
0.8 L] / .
e .
a .
¢} - .
& ooaf
.
02 o
ool—ia 0 o1 R | !
0 5 10 15 20 25 30
Crack Depth [mm)]

®
Fig. 1 Logistic curve fit to POD data with 95%
bounds(All teams) (a) POD vs length, (b)
POD vs depth
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Fig. 2 Logistic curve fit to POD data with 95%
bounds(Group A), POD vs depth

30

-9249-

3.3 ZE37|5% 9ot

Fig. 3& Z&37A} PD-RR Testo] #Hojd =
g diolge] g Agar] HrtE ved

Abel 2 a7

90

Regression line
{deal line

80

Meas. Length

40 50 60
True Length [mm]

(@)

70 80 90

40

Regression line

35 Ideal line

Meas. Depth [mm]

True Depth [mm]

(®

Fig. 3 Regression fit of results data of all teams



Table 4 Summary of linear regression fits for

defect length sizing

Team a b r M.D.(mm)
All 6.445 0.888 0.778 7.955
Group A | 4.006 0.933 0.808 6.743
Group B 8.747 0.842 0.750 8.762
ASME 7.353 0.836 0.759 7.955
Advanced | 3.238 1.049 0.842 7.955

a = intercept of y(x)

b = slope of y(x)
r = correlation coefficient
M.D. = mean diviation

Table 5 Summary of Linear Regression Fits
Defect Depth Sizing

Team a b r RMS(mm)
All 5.234 | 0.251 0.274 10.473
Group A | 8.168 | 0.181 0.209 9.975
Group B | 2.348 0.342 0371 17.455
ASME 4552 0.168 0.252 11.168
Advanced | 8315 0.450 0.406 8.562

a = intercept of y(x)

b = slope of y(x)
r = correlation coefficient
RMS = root mean squared
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Table 6 Summary of inspection performance for

teams
Team Detection Sizing
No. Group | Method (OFF C)‘ Length Depth
M.D.(mm)] RMS(mm)

1 A ASME 12/3 6.337 8.134

2 A | Advanced | 16/2 8.372 7.681
3 A ASME 17/0 8.269 11.281
4 A |{Advanced| 12/6 7.326 10.605
5 A ASME 17/0 5.197 11.308
6 A ASME 12/0 4959 10.843
7 B ASME 18/2 5.995 11.701
8 B ASME 17/0 5.885 13.275
9 B ASME 11/5 9.523 8.179
10 B ASME 93 14.859 9.369
11 B | Advanced 3/4 6.565 9.205
12 B ASME 10/5 8.205 15.605
13 B ASME 12/3 11.503 12.509
14 B ASME 17/2 6.768 10.646
15 B | Advanced| 16/5 9.557 6.757
Mean [13.3/2.67] 7.955 10.473

* D = Number of Detection
FC = Number of False Call
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