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Depth-Sizing Technique for Crack Indications in Steam Generator
Tubing
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Abstract The nuclear power plants have been safely operated by plugging the steam generator tubes which have
the crack indications. Tube rupture events can occur if analysts fail to detect crack indications during in-service
inspection. There are various types of crack indication in steam generator tubes and they have been detected by the
eddy current test. The integrity assessment should be performed using the crack-sizing results from eddy current
data when the crack indication is detected. However, it is not easy to evaluate the crack-depth precisely and
consistently due to the complexity of the methods. The current crack-sizing methods were reviewed in this paper
and the suitable ones were selected through the laboratory tests. The retired steam generators of Kori Unit 1 were
used for this study. The round robin tests by the domestic qualified analysts were carried out and the statistical
models were introduced to establish the appropriate depth-sizing techniques. It is expected that the proposed
techniques in this study can be utilized in the Steam Generator Management Program.

Keywords: Crack Depth Sizing, Eddy Current Data, Steam Generator Tube
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Fig. 1 Status of Kori Unit1 retired steam generator

&d FuEAtk JMeFel #dol AEE BF
de dAZ AR AHEAS B o
do] FAFsAHer W= o B A4S
ot LB Sgich wEbA ZulE Al o
SR A5E FH] AsiAe Bes e
e BE A A oF gt

A olgoe] UE 158749 HH|AL T3}l

700702 AL # % A dem Aoy,
B AA7 E7bsd 527 Addat
g S7ILA7I7E deg FHolA Slol HAML &
ojA] %2 917K Xdoé?%% A=At #E AEE
o2 714 ©o] A% MRPC(motorized rotat-
ing pancake coil) BFAE A3t AT E 3
st Akl ARSE MRPC &34 31 MRPC

ZAE AHESt] R A FHAL vlolH 9 4
£ Fig. 20 YehldH

MRPC ®FAb= S71247]) ddde] aadd
(TTS: top of tubesheet) E#Ho] Jdx} o
atehz didel BT d9ely ===
2 AdHe] S8R9 (U-bend)ol 24

o
_|t:1_‘
T
ml>

N

&

Fig. 2 MRPC Probe and Eddy Current Data
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-ECT: Single Circum Indication(QD)

-Metallography: Multiple Circum Cracks(OD)
MC OD Crack measured

Cu 146.5° ~339.2° (37.4mm) r
TTS+4. 1mm 5B32
Max. 67% TW 6
Max 67%T\
SB42 |1\

Tube wall W ‘
1.27mm \ L " e A%TW

MC OD Crack measured
Cu 359.5" ~50.6° (9.91mm)
TTS+4.1mm
Max. 21% TW
Arbitrary scale in tube wall
Distribution of Circum. ODSCC

Fig. 3 Example of destructive examination result

Table 1 Currently used crack-sizing techniques

Fig== R A EEA 2871 %7} Liz
. EPRI ETSS Phase . .
ID Axial 4967031 Curve Circ. Liz
OD Axial | CEOG-1151 | AMPltude |y 1iy
Curve
Amplitude
. EPRI ETSS | Based on . .
ID Circ. 4967011 | Max Depth Axial Liz
Phase
EPRI TR- Phase . .
OD Circ 107197-P1 Curve Axial Liz

He BAFANL 100%, 60%, 40% ID axial notch
o] $144Z(phase angle)S AH8-3tH, 300 kHz C-
scan®] Circ. Lissajous(Liz)9llA z°]& H7}3Ho).
7 FUEY ASe vF A=BESLE HiA
BIE A&3sle Hrigt) o] WHE free span <]
7 Fdg A7H7ME S olHd AdE W
(CEOG task 958)¢ll w|=F Song &34 257 Fol
A A AR e 2AHE Fleto 9
2®she-2t Apge e olth 100%, 60%, 40%
OD axial notch®] % (amplitude) BAFME At
£3}a] 300 kHz main Lizo|lA 7kt Wi3d
FHde EPRI ETSS #96701.1% A -&3le] 7ts}
UTH4]. o] #H HA] g Mol LAt

LYo ARl BEEHA AHgEt

2 dlole e 71 & 4z WEF 1o 3Fst
£ Zol& AHE3lY 1 point wear scar HATHE
72 243t #7he 300 kHz C-scan axial Liz
oA Hrisith ¢ YFTEY A= EPRI
TR-107197-P1 RuAE L35t Frpsta Qo).
o] W& 100%, 60%, 40% OD Circ. notch®] £
AyzE RIS AR 300 kHz9] C-scan axial
Lizol A H7}E sl

4. Round Robin Test
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Table 2 OD axial depth-sizing methods used in
the round robin tests

B7E | T |y gmy | 2E8F
Ag | (kHz) e (%)

P1 400 AZ 100, 60, 40 | Main Liz
P2 400 AZ 1100, 60, 20 | Main Liz
P3 300 Z1Z 100, 60, 40 | Main Liz
P4 300 AZ 100, 60, 20 | Main Liz
P5 400 27+ [ 100, 60, 40 | Main Liz
P6 300 z} 1100, 60, 40 | Main Liz

37} Liz

Table 3 ID Axial depth-sizing methods used in
the round robin tests

:E iﬁj wR=A %fjj;d B7} Liz
P1 | 400 Az 100, 60, 20 | Circ. Liz
P2 | 300 AE 100, 60, 20 | Circ. Liz
P3 | 300 AZ 100, 60, 40 | Circ. Liz
P4 | 400 A4z 100, 60, 20 | Circ. Liz
P5 | 300 A7 100, 60, 20 | Circ. Liz
P6 | 300 S22z 1100, 60, 40 | Circ. Liz
= Zlo i
P7 | 300 ‘?’111:21:‘,%1];—1& 1p°1;‘cta;”ear Circ. Liz
P8 | 400 Az 100, 60, 20 | Main Liz
P9 | 300 Az 100, 60, 20 | Main Liz
P10 | 300 Az 100, 60, 40 | Main Liz
P11 | 400 A7 1100, 60, 20 | Main Liz
P12 | 300 A7 1100, 60, 20 | Main Liz
P13 | 300 7442+ 100, 60, 40 | Main Liz
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Table 4 ID Circ. depth-sizing methods used in
the round robin tests

H7H| F34 Y 244 Filter
Ad | (kHz) (%) AHE
P1 | 400 AZ 100, 60, 40 No
P2 | 300 A= 100, 60, 20 No
P3 | 300 A= 100, 60, 40 No
P4 | 400 242|100, 60, 40 No
P5 | 300 942 100, 60, 20 No
P6 | 300 242|100, 60, 40 No
oz o] |1point wear
P7 | 300 AE scar No
P8 | 400 A= 100, 60, 40 Yes
P9 | 300 ANZ 100, 60, 20 Yes
P10 | 300 A= 100, 60, 40 Yes
P11 | 400 1%z 100, 60, 40 Yes
P12 | 300 242|100, 60, 20 Yes
P13 | 300 21782 100, 60, 40 Yes
ozl o] |1point wear
P14 | 300 oA E scar Yes
5 Zdn 2A

% 2 BARES AASATH]. B HA
ol-§3t wEZe] Bt A s AFsH] A
o] ol tit wlzx¥r7} A3}9} Hot Lab.
FHY A ZHE olfY BAACERH
A3k

Ve=aota, Vir+ Zgsg 1)

Vg = true structural size

Vum = NDE measured size

ap, a1 = parameters in linear regression

sg = regression error in the relationship
between structural size and NDE
measured size

Zg = random variable from standard

normal distribution

A M2 e Blgngsle 2RA4e A5
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Vu: NDE measured size

bo, b1 = parameters in linear regression
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Ve=cyt e Vit Zgsy ©)

Vr : real size(true structural size)
Co, 1 = parameters in linear regression
Sr = regression error in technique

relationship
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Round robin test 275 9o FAEL A&
o] od ¥ wE 24 Hrh dE ZAAS
()} RMSE(root mean square error)S Table 5~
Table 7, Fig. 4~Fig. 6 JERAATE

Table 5 Depth-sizing results for OD axial

:?1 Zg} a0 a r RMSE
P1 14.399 0.980 0.760 8.347
P2 21.960 0.871 0.786 7.900
P3 12.124 1.003 0.759 8.420
P4 19.435 0.926 0.843 6.871
P5 14.306 0.851 0.428 13.176
P6 13.815 0.870 0.404 13.673

2

0.75 4

£
§ 0.50 10 E;
3 =
5 -4
s
2 025 |5
&
E —o— coefficient of determination, r*
) ~u--RMSE
0.00 T T T T T T 0
CH1 CH2 CcH3 CH5 CHé
Channel ID
Fig. 4 Depth-sizing results for OD axial
Table 6 Depth-sizing results for ID axial
7
;]’1 H} ao a1 r RMSE
=
P1 62.202 0.673 0.372 11.982
P2 64.411 0.585 0.302 12.421
P3 76.087 0.389 0.379 9.467
P4 12.322 0.878 0.635 9.126
P5 29.703 0.667 0.354 12.146
P6 29.695 0.663 0.370 12.001
P7 39.486 0.538 0.260 13.002
P8 62.017 0.649 0.349 11.694
P9 62.017 0.649 0.349 11.964
P10 77.504 0.324 0.245 10.983
P11 12.725 0.879 0.644 8.848
P12 23.159 0.759 0.494 10.546
P13 25.976 0.726 0.515 10.321
1.00 20
el
§ o+ L1s
E [ B . /l""l -l .
2 0504 w/ A Lo B
Z - Z
1 0. o 0O o
S \o/ o 0—0,
NN ,
é 2
g —o— coefficient of determination, r
) --m- RMSE
0.00 T T T T T 0
CH2  CH4  CHe CH10  CH12

Channel ID

Fig. 5 Depth-sizing results for ID axial
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Table 7 Depth-sizing results for ID Circ.

37
o l ao a r RMSE
=
P1 40.657 0.895 0.776 9.684
P2 22.497 1.194 0.830 9.008
P3 38.287 0.920 0.809 9.079
P4 25.738 0.639 0.593 13.952
P5 11.252 0.808 0.641 13.109
P6 11.993 0.784 0.633 13.239
P7 18.840 0.714 0.572 14.307
P8 51.071 0.713 0.707 7.552
P9 30.350 1.075 0.881 7.547
P10 46.299 0.786 0.746 7.380
P11 13.288 0.731 0.470 15.913
P12 14.827 0.706 0.498 15.496
P13 16.621 0.672 0.441 16.347
P14 12.310 0.819 0.662 12.712
1.00 20
o e -
_§ 0754 © R / k15
3 o050 . ; ’ 4 Lo B
% I | E
“5 BN =4
=
2 025+ L5
% —o— coefficient of determination, r*
S = RMSE
0.00 T T T T T T T 0
CH2 CH4 CH6 CH8 CHI0 CH12 CH14

Channel ID
Fig. 6 Depth-sizing results for ID Circ.
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