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In this work, it is aimed to develop the fabrication method of axial stress corrosion cracking (SCC) defects
having various sizes, on the outer diameter surface of the steam generator (SG) tubings. To control the
length of the artificial SCC defect, the specific area of the SG tubing samples was exposed to an acidic
solution after a sensitization heat treatment. During the exposure to an acidic solution, a direct current
potential drop (DCPD) method was adopted to monitor the crack depth. The size of the SCC defect was
first evaluated by an eddy current test (ECT), and then confirmed by a destructive examination. From the
comparison, it was found that the actual crack length was well controlled to be similar to the length of
the surface exposed to an acidic solution (5, 10, 20 or 30 mm in this work) with small standard deviation.
From in-situ monitoring of the crack depth using the DCPD method, it was possible to distinguish a non-through
wall crack from a through wall crack, even though the depth of the non-through wall crack was not able
to be precisely controlled. The fabrication method established in this work was useful to simulate the SCC
defect having similar size and ECT signals as compared to the field cracks in the SG tubings of the operating

Korean PWRs.

Keywords : direct current potential drop method, eddy current test, non-through wall crack, steam generator
tubing, stress corrosion cracking, through wall crack
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LABORATORIAL TECHNIQUE FOR FABRICATION OF OUTER DIAMETER STRESS CORROSION CRACKING ON STEAM GENERATOR TUBING

el A
STEAN, F
A& o] &3t A
ATt A, @AY
S 95t A AlE wde] W g (EDM, electric
discharge machining) 0. & 2] #4 23S 9= 25
APAE T2 ARkl Stk 2 Wb o® Azt
Ro] 7 AR Fo] H4 150 um ool 2E HA7F &
ol3hL}, A AFAFA AE-2 & (opening) ©] 10 m ©] 3}
Z

il
=
o
oy
o
A
o
X
il
=
A
ra,
=
ol

¢
it
ox,
o
30
=
I
v
(d

2 Wb e R AR 2o| il Agke] A dgke] &4
= ¥ HARE g4 A = o, A Adtd
Aol A H5H = H9HY] 4E 548 JF3] BAFE
= G o w Qlsto] A Hrhe] AEAS ASskal /i
st A zhu . ks Az Adgd g
FARE EAE 7H el AdS 12/318F 3 ellA
T8, A= 7= vl QtE A §loh

S718A7] Ao SCCeF 22 A+ A =
3171 918l vhekst A A SCC 714531 o] Ziake vl
Ak 1 xRl 7]ERA, ovist e dge]
W = QU] UARE AR2oA A9 F-Al gl 1A
7131, A7) UFe 100 719ol7de] 7tag T3t
AL#E] i B o)l 18385 7o w4, SCC
A3 NS 7H5slehes 7lsolt) o] W digF 1-4 F
9] #-& 7|3kel] SCC Adgs Azt 4= Qlk= 3ol 9l
w, AR o] B8 o SCC 2 MRS =0]7] 3]
ALH A5E st Aol stw, AAtd Akt
= 2 SCC Ag 9] A8 A (volumetric de—
fect) Q1 JAF-Ao] vepd = 9lar, @l o] opd th
N gAEo] wAE = glorm g nuuHAL AlFE 9
=38 7hsAo] A0, Adto] Sl AEHe] TS
#e AT TS = T e FHol Uk

T ohE SCC 7H53 W o2 A, 2312 F7] #417]°]
Al SCC A5 7158keh= 71=o] 7ide vl Stk 1ev,
o] 79 ¢ AEHe el SCCE AYAAI717]edl+=
FrElskAIRE, SjHel SCCE AdA17171el= 483171 o
+ o] Qi &, AR el SeF SR A E
A/378E 71Eskeh] fleliAl FARER 2ol S

Table 1. Chemical composition of Alloy 600 HTMA SG tubing
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Fig. 1. SEM images of (a) as-received Alloy 600 HTMA SG tubing
and (b) sensitized tubing at 600 °C for 30 h in nitrogen atmosphere,
after a bromine etching in 2 % bromine and 98 % methanol
solution.

Elements Ni Cr Fe C

(wt%) 74.19 15.52 9.30 0.025

0.19 0.21 0.29 0.018 0.012 0.005

CORROSION SCIENCE AND TECHNOLOGY Vol.13, No.3, 2014

113



JAE-MIN LEE, SUNG-WOO KIM, SEONG-SIK HWANG, HONG-PYO KIM, AND HONG-DEOK KIM

Zlolg ARt R FAsh= 7es MEEA, o] VEe
o] g3lo] therst 715 Zhe= SCC Aes Agadow
A2t o] sk, ovist Axj2lE Alloy 600 AL
o] gjdol A o] F-4] &HE wEAA SCC ABES 7
&3l Ve A8k, 7Hss A3 g elA DCPD
(direct current potential drop) W& AFE-3lo] A9
Zolg AN E HAsh= Ves A5tk kst A
715 zb= SCC Aol tisto] vlaky] HALE 53 Hols}
o] ASata, 3 HARE S8 AAREE vl A8k,
HEA o ® Thss 448 S/ ALl Eayst
T A S AP o BAFste] Az W
< ARttt

2. oty

Ast Agpol] AMgE S7IHAY7] DI Alloy 600
HTMA (high temperature mill annealed) NEZA F2

®18.4Q(SG TUBE 4] 4 POINT)

(©)

114

3}8Hd -2 Table 1o ANAISIATE 7] AL S 2ol
A 2] Al golel (e ZE S Wl SCC Aol 7153t
TF 600 °CellA 30 AlZE F<F AA #9710 A oAvis}
Ax g =S 38k Fig. 104 owlst dAglo] w&
Alloy 600 AE¥ A5 nAF= W3S LA TH
Fig. 1(a)= A3 A2 Alloy 600 HTMA AE9] m A%
5/9& Hol=t, YAl mAgt Cr 'hslEEo] %80
2 2skal Qlrk ool uls) Cvlst At A= (Fig.
1(b) &= YAl gt Cr eslEEo] vt A&tk
o] Alloy 600 HTMA =2 owist g A] vheh=
ARl d o= A, YA 7919 Cr %7t g+, At
Agalola SCC Aol 71453k Aoz deA .

oAuist Axgle AL el HHES AYAIZI7] $
alA A1) 54 el 1 M NagS,06 7218905 =EA]
Atk YA 22 JEEkA] o2 A S WA st
a1, & SCC A AlFstr] flste], % 0.5 mme &8
(slit) & 2t via?] gHo| 22 R gols AH Ao Z w2

I+

crack
(b)

I- V- V+ I+

SG tube

(d)

Fig. 2. (a) Photograph of the SG tubing sample with a transparent plastic container for acid solution, (b) schematic drawing of a configuration
of spring pins across a crack, (c) a fixture with spring pins for current and voltage probe for a DCPD measurement, and (d) photograph
of the SG tubing sample equipped with the fixture.
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Fig. 3. (a) Schematic drawing and (b) photograph of the SCC fabrication facility.
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Fig. 4. Change in the DCPD voltage during the SCC fabrication
test measured from (a) SG-1 and (b) SG-2 samples.
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Fig. 5. C-scan plots of (a) SG-1 tubing sample with signal amplitude span of 59 and (b) SG-2 tubing sample with signal amplitude
span of 14, measured by ECT with MRPC probe at 300 kHz.
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Fig. 6. SEM images of the fractured surface of (a) total area of
SCC defect on SG-1 tubing sample, and (b) magnified area marked
by dotted rectangle.
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Fig. 7. SEM images of the fractured surface of (a) total area of
SCC defect on SG-2 tubing sample, and (b) magnified area marked
by dotted rectangle.

OHH
:d
mf

= A3lom, o] & Qlato] FH3rx]of v

A T ZJ_ 17} '}Ol‘/}~ Ao % E Q)
717 AL AR E ol SHud A AEA
A717k0 2 243 DPCD g A4 aka} u13) 7A1S %4
AR SAe 7Ee] 2ol BAE Fig. 9o LA
DCPD “#5#ke] ¢F 10 nV o]Ad A$ SCC Aske #%
AR Jshs e 1T 5 qlow, vjiE 7S Al
23171 918l141= DCPD &4k 7 nV o= #|o]alof
& QISlTk o9} o] & ATrellA] sitE SCC Agh
2, TG dol= Alojetr] golatd, #E #2
& TAE THEeke] AEE 4 Qe AAlo] lsith
ol Ao Fd A o]F 1-2 4 o]l TF
Tdd=2 H“PEHI “%}o}i Alazre] \aks 1 W, v
= E vkt Alofshrl= otk As

4. A=
B ATNE tet 2018 2 9 S 23S
Z717) A ool Ae] 15 71 el
117



JAE-MIN LEE, SUNG-WOO KIM, SEONG-SIK HWANG, HONG-PYO KIM, AND HONG-DEOK KIM

Table 2. Specifications and test results from SG tubing samples with SCC defect

Specimen number Target length DCPD voltage ECT Destructive analysis
(mm) V) RPC (V) Length (mm) Depth (%)
SG-1 5 10 0.80 4.76 100
SG-2 5 5 ND 0.5 20
SG-3 5 15 0.84 5.32 100
SG-4 5 10 0.45 5.39 100
SG-5 5 8 0.65 5.75 100
SG-6 5 19 NA 5.79 100
SG-7 5 32 0.75 7.59 100
SG-8 5 6 0.37 4.58 87
SG-9 5 23 1.05 6.06 100
SG-10 5 15 0.83 5.72 100
SG-11 5 8 1.27 6.09 100
SG-12 5 10 0.56 5.7 100
SG-13 5 6 0.56 5.25 100
SG-14 5 22 1.09 7.11 100
SG-15 5 14 0.79 6.3 100
SG-16 5 22 NA 6.56 100
SG-17 5 7 NA 5.72 86
SG-18 10 17 0.60 6.87 100
SG-19 10 15 1.23 7.29 100
SG-20 10 11 NA 7.69 100
SG-21 10 29 NA 8.67 100
SG-22 10 21 NA 9.99 100
SG-23 20 NA NA 19.15 100
SG-24 20 NA NA 19.43 100
SG-25 20 NA NA 17.67 100
SG-26 20 NA NA 21.98 100
SG-27 20 NA NA 19.08 100
SG-28 30 NA NA 19.15 100
SG-29 30 NA NA 29.09 100
SG-30 30 NA NA 29.76 100
ND : Non detectable
NA : Non available
o} ofuist AxjelE A Al el Ao H-48 e F9t9S Atk DCPD W& Esto] ARk

NS wESte] SCC NS 7H453kskel=tl, DCPD W

el
=
9 7289 % WA Aol Fate] theret dojo) ol 2
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Fig. 8. Distribution of crack length measured by destructive test for SG tubing samples exposed to an acidic solution on the surface
area with the length of (a) 5 mm, (b) 10 mm, (c) 20 mm, and (d) 30 mm.
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the SG tubing samples measured by destructive test.

oA 7] By A3, aela A gb] HARE SE whd
A Aael nlaskgivk vlal B4 A3 2 Aol it
w7 AR S F989 ol AibAor & Alefd
T 9lon, o= g A%y vdE dgs 7w e ¢
= Ao® Yepth vl 4] o)zt 30 mm oo

B9t Aol Ao s it 2ol Aoyrt ol
o, S A2 79 thekek ol Aol o] FATE S

& A3

o H ¥o o
fy ’

o

CORROSION SCIENCE AND TECHNOLOGY Vol.13, No.3, 2014

— =
B AT v FEshre 94 E A 2
o2 FAHUL, T AATIAAR] AH7| &
P& S) A AE Wekor] ole] ZAHE S,

References

1. S. S. Hwang, H. P. Kim and J. S. Kim, Corrosion, 59, 821
(2003).

2. S. W. Kim and H. P. Kim, Nucl. Eng. Technol., 41, 1315
(2009).

3. D. J. Kim, H. W. Kim and H. P. Kim, Corros. Sci. Tech.,
10, 118 (2011)

4. S. W. Kim and H. P. Kim and S. S. Hwang, Corros. Sci.
Tech., 12, 85 (2013).

5. Y. ] Lee, S. W. Kim, H. P. Kim and S. S. Hwang, Corros.
Sci. Tech., 12, 93 (2013).

6. P. E. MacDonald, V. N. Shah, L. W. Ward and P. G. Ellison,
Steam Generator Tube Failures, (NUREG/CR-6365),
U.S.NRC (1996).

7. D. H. Hur, M. S. Choi, D. H. Lee and J. H. Han, J. Korean
Soc. Nondest. Test., 20, 451 (2000).

8. R. Bandy, R. Roberge, and R. Newman, Corrosion, 39, 391
(1983).

9. American Society for Testing and Materials, E 647 Standard
Test Method for Measurement of Fatigue Crack Growth
Rates, ASTM International (2013).

119



