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Round Robin Test for Reliability Evaluation of Ultrasonic Thickness
Measurement Results in Nuclear Power Plant Pipelines

Seung-Joon Lee, Won-Geun Yi, Joon-Hyun Lee and Sung-Ho Lee

Key Words: Confidence Interval(2l #]7-31), Gage R&R(*IE = #4]), Round Robin Test(ThA}H] L

21%]), Wall Thinning(#5)

Abstract

The reduction of pipe-thickness induced by flow accelerated corrosion (FAC) is one of the most
serious problems on the maintenance of piping system in nuclear power plants (NNP). If the thickness
of a pipe component is reduced below the critical level, it cannot sustain pressure and consequently
results in leakage or rupture. For this reason, wall thinning by FAC has been inspected in secondary
side piping systems in NPPs. In this research Round Robin Test (RRT) was conducted to verify
confidence of wall thinning measurement system in NPP. 12 inspectors from 3 companies participated
and 23 specimens were used according to standard practice in RRT. The gage R&R analysis was
introduced in regard to repeatability and reproducibility that are affected to measurement system errors.
Confidence intervals of thickness measurement system were obtained.
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Table 1 Grid marking criteria in pipelines

Norminal | Maximum Main Grid No.
diameter | grid size
(inch) (inch) | Longitudinal | Circumferential
2 1.000 7 7
3.5 1.000 12 12
4 1.178 12 12
6 1.734 12 12
8 2.258 12 12
12 3.338 12 12
16 4.189 12 12

A% % AWAIY} A ARH U A
Z F

(@) ’ (b)

Fig. 1 Round Robin test specimens
(a) Artificial wall thinned specimens
(b) Natural wall thinned specimens

Table 2 Round Robin Test specimens

Type Normln(e;rl]r;r;lckness Flaw No.

pipe 3.91 7

on elbow 3.91 2

tee 3.91 3

reducer 3.91 2

pipe 6.02 7

e elbow 6.02 2

tee 6.02 3

reducer 6.02 2

pipe 7.11 7

6" elbow 7.11 2

tee 7.11 3

reducer 7.11 2

pipe 8.18 7

g elbow 8.18 2

tee 8.18 3

reducer 8.18 2

pipe 9.52 7

12" elbow 9.52 2

tee 9.52 3
3.5" Elbow 5.49 Natural
3.5" Tee 5.49 Natural
16" Elbow 12.70 Natural
16" Expander 30.96 Natural

1703



-

2.2 CERHH| I Al 2

U L Al S 4238 AR Table 394
o} ol A4 AR 3WE EFstA 1275 2]
ASNT Level 2 o]Ao] ZHAIAZ FAEW ol%
AAAL Be AA dAEdd s 25w

RS

[e]

o

=
A AEE 745 ok ThApla Agel ALg
A w0 AA gelE @A 9l ug T 9A
of ALEEE PAFY A el BERE ALES
43 24 FAT BAH A B4
s AAl Agwel vl 33 wE ZA A
2

AA =4 delHt: e 4@ 2

4dgroup X 3inspectors X 2,131grid X 3time  (2)
=176,716point

Table 3 Inspectors for Round Robin test

Group No. Level(ASNT)

1 I

A 2 I

3 I

4 I

B 5 I

6 I

7 I

C 8 m

9 I

10 m

D 11 I

12 I
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Table 4 Gage R&R analysis of normal inspectors

in wall-thinned specimens

Diameter |  Pipe Elbow Tee Reducer
(inch) | (zmm) | (+fmm) | (zmm) | (+fmm)
2 0.212 0.312 0.306 0.309
(5.42%) | (7.92%) | (5.61%) | (4.97%)
35 ] 0.374 | 0.409 ]
: (6.81%) | (7.45%)
4 0.169 0.294 0.280 0.312
(2.81%) | (4.68%) | (3.53%) | (3.89%)
6 0.164 0.249 0.246 0.244
(2.31%) | (3.48%) | (2.65%) | (2.90%)
8 0.159 0.195 0.217 0.202
(1.94%) | (2.35%) | (2.12%) | (1.99%)
12 0.167 0.194 0.191 )
(1.75%) | (2.11%) | (1.64%)
16 ] 0.187 ] 0.702
(1.47%) (2.27%)
0.174 0.258 0.275 0.354
AVerage | 5 gsory | (4.12%) | (3.83%) | (3.20%)
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Table 5 Gage R&R analysis of ordinary inspectors
in wall-thinned specimens

Diameter | Pipe Elbow Tee Reducer
(inch) | (zmm) | (fmm) | (zmm) | (fmm)
2 0.103 0.112 0.194 0.162
(2.62%) | (2.83%) | (3.56%) | (2.60%)
. ] 0106 | 0.145 ]
: (1.93%) | (2.64%)
4 0.108 0.092 0.178 0.192
(1.80%) | (1.46%) | (2.24%) | (2.39%)
6 0.100 0.162 0.169 0.244
(1.40%) | (2.26%) | (1.82%) | (2.89%)
8 0.144 0.171 0.159 0.225
(1.51%) | (2.06%) | (1.55%) | (2.21%)
12 0141 | 0133 | 0.135 ]
(1.48%) | (1.44%) | (1.16%)
16 ] 0.109 ] 0.369
(0.86%) (1.19%)
0.119 0.126 0.163 0.238
AVerage | (1 7606) | (1.83%) | (2.16%) | (2.26%)

el = 3w HAARER A B
FA 3 dolgo EHSH Gage R&R #4
A7} Table 561 YeR vk dubARz}e]
3 AAHAAES A Hd ﬁ 31.6%, UK 9
- 46.2%, ElY AS$ 32.7%, HFAY A
9% 183 AAAEHS A9 35 inch 849
9 60%°]A, 16 inch 849 739 40%7}=% =
HAAHSE YERIAEE o] thdzke] 54
SHE Apolof oJgh o= FA .

o

oo o & o T oo mn

42 3= 24

ARPAARAL 150 AEE 24 Aie] #Haprt
A HAEE 6 inch ©]3F Q40 thal He] &
A& 3 A= Table 69 LERAATE

Table 6 Bias analysis of normal inspectors in
wall-thinned specimens

Diameter Elbow Tee Reducer

(inch) (mm) (mm) (mm)

2 -0.054 0.005 -0.028
(-1.39%) (0.14%) (-0.71%)

35 -0.008 0.001 )
: (-0.14%) | (-0.03%)

4 -0.023 -0.034 -0.098
(-0.39%) | (-0.56%) | (-1.63%)

6 -0.014 -0.001 -0.016
(-0.20%) | (-0.02%) | (-0.22%)

-0.025 -0.007 -0.047
Average | (05396) | (-0.10%) | (-0.85%)
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Table 7 Bias analysis of ordinary inspectors in
wall-thinned specimens

Diameter |  Pipe Elbow Tee Reducer
(inch) (mm) (mm) (mm) (mm)
2 0.004 0.000 0.020 0.015
(0.09%) | (0.01%) | (0.52%) | (0.39%)
35 ) 0.015 0.013 )
' (0.27%) | (0.23%)

A 0010 | 0011 | 0016 | 0.004
(0.16%) | (0.19%) | (0.26%) | (0.07%)

0.009 -0.004 -0.002 -0.008

6 (0.12%) | (-0.05%) | (-0.08%) | (-0.11%)
5 -0.002 | -0.005 | -0.002 | 0.004
(-0.03%) | (-0.05%) | (-0.03%) | (0.05%)
1 -0.004 | 0.002 | 0.006 ]
(-0.04%) | (0.02%) | (0.06%)
16 ] 0.003 ] 0.050
(0.02%) (0.16%)

0003 | 0003 | 0008 | 0013
Average | g 0gos) | (0.06%) | (0.16%) | (0.11%)
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Table 8 Confidence intervals of ordinary
inspector's thickness measurement results

Diameter | Pipe Elbow Tee Reducer
(inch) (%) (%) (%) (%)
, 1253 | +282 | 4304 | +221
272 | 284 | -408 | -2.99
1166 | +241
35 - 221 | -287 -
. 1164 | +127 | +1.98 | +2.32
196 | -165 | -250 | -2.46
s 128 | +231 | +1.89 | +3.00
A52 | 220 | -174 | -2.77
g 1154 | +213 | +158 | +2.16
148 | 200 | -152 | -2.26
5 1152 | +1.42 | +1.10 ]
143 | -146 | -1.22
+0.84 +1.03
16 - -0.88 - 135

Table 9 Confidence intervals of normal inspector's
thickness measurement results

Diameter Elbow Tee Reducer

(inch) (mm) (mm) (mm)
5 +5.92 +4.05 +3.33
-3.17 -4.25 -2.44

+3.19 +2.82

35 -2.95 -2.86 -

4 +3.24 +2.88 +3.68
-2.49 -2.03 -1.24
6 +2.93 +2.61 +3.36
-2.53 -2.55 -2.99
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