223 PPIY 43S AT

SERELALERTES

1. }\ﬂi

T

ofig B/ 2

Y =2 HeaQl YA A A E
‘ w 7171 71719 A4 oA A B
|¢| (KIMM A g47}141H) HE {38to 7]719 A gHE 4
- 5 =90 5 ki al
% Mpcsm A3 (A ¥ oow aAw s oA
97 MApsm ILTYT(MAY F71d wet HAbe AA
97 - #8  SRIAATY A7 A ==} 7 84 o]
i,y 95 9 77 | =23
ANE ATdor AP THI ¥
2 AHEE 7 & v 1y A go| 9
2 a0 T 53], 259% [SUDEI -
(=)
° AFEAHAE ()3 ECT s o)
(KIMM A|&%7}A1E) & AT A= A E AR B
AHE ARESEY gtou, AA A 9754
% s of JTAE Yo B A7} 2t
97 SIS L STYAA)
97 - sA BRIAATY M7l ofol wa} W= 20009 =HH A7) o
e AAATS Ade Be AR-g-3l
" QA7) 7] ALEE u A A%
I He A=EE 7 (Performance De-
[ o o monstration) & A|Egtate] AHgatoia? o-g
HF H
g H 5 Us 200395 UT 2 ECT 71¥H5S 4
- | } Q35171 935 A7) Bz 2 =Ao
\Q‘- (KIMM A]ﬂ%ﬂ“{‘_‘ﬂ) oo]—-] ‘l’_]o}'()% TF ] ] ‘]4' ) ONg =
2 "y VRA S AAEYS et gl

HelrHin T

KSUstm 7[AZ3aH3)

SRREY|28 HEJEH(AAY

87| Mol 7Y 7lszelR

srEgiRiEony| a9 MelolTe FHe  7)AA
827 Aol e HeloTe

AHe)| HE&HE 7]&7]5(ASME Section XI,
Appendix VIIDOA L7451 Q& H]9u A4
¥] 279 (mechanical
crack)¥} #3244 (thermal fatigue crack) T+

AA 274 (intergranular corrosion cracking ;

fatigue

)



BWBA S

IGSCC) 5o] E3telofof g} 10 1

Al A% Alete WMo EE In-Situ
Implantd, Coupon Implant®, Weld-solidification
# Zo] 9ot 1p-Sity Implanttdo] &3}
547 7P Holvhar AAAQL oj-ol 7] Wi
of ¥ AT X= FlawTechAtel Al 7123k In-Situ
ImplantH-& 4, Bste] UT 7|ZFd5ol AR
e AIFAFY sl 7AA vEddS Add
AgHE Akt skglc

AAY HHAEE vl AMEEHE SA-106
Gr.B(seamless

carbon steel pipe for
high-temperature service) | 2¢ w#S ALE
sto] I2Hdds AN A SHOE FEAGA

UL dsigitt. W FRFE A FHA
giste] vugALE Bl MEHde] 279
AAE FAst AAE AA VR 2
o] BAFHAEAE st

2. ATAAH Az

2.1 In-Situ Implant'¥

¥+ mechanical
aish ol W

In-Situ Implant® < thermal
fatigue crack® Xﬂzoﬂ /\}ﬁﬂ”

ol
-
N

s

wA A A vHbar)E 7hsste] <l
& 7kt AEelA THE/EAE ek
Z(thermal fatigue) 23S WEAY, AF/A4=FH
S wrE3Eke] 77 A 1] Z(mechanical fatigue)

86

nhEth ek A9 ZWEE(roughness)
d71 fste] A7kEE dkeel AtolE(eycle)
ZAsto] dzgddo]l Gl gde A
| & 5, A #A B ATl dg =1
A ARS . dake A7z
T A¢EH(seal welding)e F33taL, &4
1= S A e wet 84S sdete] Ad

roh b o )y M wlo
ol
,

A
HERE R
Carbon Steel Stainless Steel Stainless Steel
Weld
S5 Buttering
5 In-Situ Implants 2
Mechanical W\ :
Fatigue Crack = \ . 4— Branched Thermal or
S Clad Y \ Mechanical Fatigue Crack

% 1. In-Situ implant &

2.2 Coupon Implant

of e Ao TEo| Uk 2GS AN
A ANFH Eo FE2 AA(mplant)dt= T
oz g 87, xE T A YT 0
A% ALgEE el AzEe HsAH,
Ao A A5 < 5 Yo, FE] SHTE
o Feldd glol 283 Yo §45E A
T 9HE 7 A
Stainless Steel

Carbon Steel Weld Stainless Steel

__ Coupon
5 a8 = " Implant £

Buttering
IGSCC or Thermal
35 Clad ~ Fatigue Crack

8 2. Coupon implant
2.3 Weld-Solidification®d

Az w AREEE,
== e

2 % (contaminating) Al A A3
WS A HY ARE 4
|, Agke] Wejol digh A& gn
gtk wdol gt o

"
ol
b
=
=2
BN
- ox, ok

o o

S
o 1o
™
o

Il

N

to o &z rfr o

A2 oZ M i ol

B HFF 14 33 (2002, 7



[n-Situ Implanty-&
& AYA @1 Ade =

7H¢ Hoju), whekA
&3t &3 49
4 falA - In-
4, Bgato] Apgargn

1& 3;!,]_ 71—1:].

_7

mKl

qorfzoast FN'

iz

ool

Y
= =

1

of Yephdek wg, 7AA dR2dEs Alxst
7] 98 uwEolgaEe =A% 7| (INSTRON

[e's)
1
(@]
=
~
[e)
a1 I
o
NS}
v
i

NAA Azgds AP s fAsiM=
AR g4 3 A7), gz F7], drteks 3
SIS 1HE A

A Sol A3

slEnt DR 0| MA

Ao s AHEE A2 A FE7d AEAY JAE dop= Aol Agte] BT
(main steam system piping) @ kel (feed T AEF AAHoof st AAE o] gt A
water system piping)°] AFEE= AfZd & B3 ¥ 49 Po] AT FE o gt A
SA-106 Gr. B €746 Schl60, t ddol 71 A AeE ekt AdHe]
18.24mm)E ARESIITE Az JIAXEAS  AAA Age e = 311, ¢ AR A
glatr] gk st 2 AT A= B 1 o], a 1 A%l o)), AgdH 7hEd A H

1. SA-106M=Z2| =tfME & 7[AH M

Elements G Si Mn P S
Composition(wt%) 0.19 0.20 0.82 0.012 0.005
Tensile strength 68.3 ksi

Yield strength 40.6 ksi 0.012 0.005
1. Weld Preparation 4. Seal Weld and Surface Conditioning
Base Material \ \
2. Mechanical Cycle Fatigue of Base Material Until Fracture 5. Tack Weld Fit-up
<::> Tension \/
3. Flaw Shaping 6. After Welding
- L2 o D w
- L1 -
Flaw Face
]
H%s : 3
h D1 o
J8 3. AN Z2dE dMdHe =ME
BTN 87



BWBUR D

79 vhbar)gt RAZ}F ghbE HE(A] 7}
1o

T F)A FAHES Shgla mA o) Zo]
g s 2dste] gde] olg dols 24
st AAleHle w9, AAE wdo] &4

AGAE7r 68.3ksi(47.84

= 40.6ksi(28.54 kgf/mm®)

60zEL

012

l “arl.
—

& 1 D

/',fif

T 20 20 30 “"[18

30

—»| «— 10.5

- -

“Aq"
veef e300 130
o ey
Foor
, - -
A1" L
Y ra
AY
\ !’ 699
\ I A 6
smmzolewaiz! 1015 H
' v 2 5
) \ n3 .
' LY
i \
rs ~
Y
-

e =

J8 4. D20 EAgE

88

B HFF 14 33 (2002, 7



89

T XIiy
i 3 o T =
N O 7:&0
~ I = e %o m B R RS A
N ~H To ~ XN =
N sEe ol Rigep®hed EEW
=K o = d]_ﬂ ] OF_ ‘DI Ea %! mmo JH_ o o) m BE O‘Amu _z:v
g B X g =P E W o E M EWZE- N
® m e N mclmkﬁ}eﬁmwﬂlzu_b_:dl}ro o
Mﬂ i .AO mm ,Iﬂ ‘I|_¢| NW mrjvl ‘_ﬁ n.uvuO 7L - \‘m : — \|Pw ,WM X EE \._...M
ﬂnﬂauuwmrﬁ Ee_ya mleaw,_lllorUr‘_ﬂLMﬂ/\ﬂwl_ﬂ_Eﬂy
wo T E@JO_EAﬂ%\&%?%@%ﬂ%ﬂ%]n%
i Bﬂo_uz%&w i @@@%% = o@ Izﬂ%ﬂﬂmﬁ
B ol o o WY == I~ ~NE ) o o o = =] 0 W N o
2 Ea S o = - gy ol » R H Mo oy N 2 W g
o o = N <0 ol OB o> = s ™ o ‘I‘%o.w_ M- B _
o X BE g M = X o A e 2w Ho T S T3 EW
o~ I~ 0 T
. w%.awmmr S m Wﬂﬂﬂﬁs:%gi%ﬂﬂmﬂcw%ﬂmﬁv7
[y [l T= 10! ]\ = oy .- _IT ~
Mgwmwmﬁa_W‘W wo B Q,meﬂﬂmow_ﬂ,wﬂﬂb_m,%MugLﬂqw.wHw
s R o ow gy@@@awgﬁloam@Q%aa
< W SR H o E] 3= W T T H = H = wr o oX
ﬂﬁrmoqﬁwﬁﬁ =N iaﬂimoﬁrHW‘O@%%O%N@%%
= o 0 — - Le7.14ﬂ2 el
m o OB N R i < ‘ﬂnﬂZﬂnﬂ,o| Ld.ﬂﬂ,rﬂﬂ:iﬁll“ ﬂdﬂ71ﬁ|ﬁ|
= Eor@aw.ﬂwﬂ o#o?u@m.g.aﬁon_./umﬂw_/ﬂ_@
Aﬁ8ﬂ10ﬂx1@m7bu4ﬂnxlyl
‘J_ﬁljlt T=
: o W
i 2181818 = =T = oy
— o | O o Of . T T
IOF My M, w =) m = N _&o e ,DI \WH _EW = % &o = .
z |5]5|2|5 ann%é%mm% L W D 5
A R RS o W RN R T
BT NG 59 U =
< einnﬂié_zoﬂg — *© .MULE _
mu\_/l_ - ,m_uaTmm/u . o oy X %P wrnu M__oﬂﬂﬁ 2 L
£5)o|ols|-| B ESFEzZis 2,553 3 2 ,
0 T T N — (.
< _ M A s < T ERWY = o
q s TETEEETR ipérer § ow
X0 & .__.uﬂ —_— . o 1/ﬂ|\ 1(ﬂ\ o= KT o /..ID\ ! Zﬁ X m
0 [K e R reT e ST Wy v
1 Bl BT S gy doyl oy MM T B G
ml=E|S|2|2 < _,_u,_mwrdM By 4]1ﬁzoq,me 1ol
%7@2119 R :i;odmmuﬂlﬂrxnum T o M P oy TR fad o
I ~ ﬂ < — - —~ ~~ _= =~
Bl ! ﬂAw%@cﬂ:&ﬂ (am.mﬁmmmwoﬂ 2 ~
NS El ﬂJ_.Le]E(QW om R o 14030% 7 ~
Do = = 1 T A = o ol O\l
i N | ﬁuxx}% ™ o 2 ° —_ M
H @ o oE oo 0 <] "E N - o - o G ol
w5 Ho | w e i A )
m,xmaw./rfrw_a%@mmz%lﬁlg < =
do 76 do Bm WW@./M - oo

Hz=Hol| o}

iy

I3 6. 7]
77

iy

7l

#




BWBUR D

gazAte AAe A3t AAE 7o 18 9. HZPUNEHS B AR AERHY|

90 B HFF 14 33 (2002, 7



a)

i Hll“l” |||||i”|' ||||[|||| ||J|||“||I| 1y
1|3 1|4 1|5 : J[gﬁ 1|7

b)

L AL |||F“||I II|I|IIII IIII|fIH IIH[HII
Luouu LULLJJ.IJJJ.I.LLlLlIIlHIlLLLﬂU.LIIEI‘_LLI_LLLL

T8 10, LEoEAIFHO| M EFEUAHE L

=

I Actal
18 o I meazima
16
_ 14 o
15
E 12 4
=
* 10
[
= 5
e
B o]
(=)
+ 4
2
1]
1 2 3 [ B
Specimen Mo,
(a) crack length
10
[ actaal
e [ Measnred

Crack Depth [ rmm)
o
L

3 i S

Specimen No.

(b) crack depth

j_IE:I.I 11. j:_%ﬁ'.lil—/\ | O| |-_u_|§7dol- ﬂjlé d |.

AAE A71= ASlEY e S8kt ®
Hol A9 = A AVlE AT 49 &

HelrHin T

6db drop HE& A3
o] Tip echo W& A}gdte] =43}
g A3 Hagds g4l T A=d 379
Ad dA e selshert

15~18mm= AA A A

=
15~18mme] 4ol 7HA AR, =&

s
ANE Batol 348 o)t 2mmolwe] o

5.4 &

(1) See] A48 FALEES ML 2z
92 AN A ARE, F3e D Aol
29 484242 Susyn

(2) AAY NEA Fgo] MZFLL WA
A7l HEE 9L sk,

(3) ol AFHe] AAR ARl WzwY
2 AR W BT 5 At

(4) S 2A% AgAL AR 5+ e $HE

A& grskgin.

1. ASME Boiler and Pressure Vessel Code,

Section I, Rules for Construction of

a1



BWBA S

%

Nuclear Power Plant Components, The
American Society of Mechanical Engi-
neers(1995)

ASME Boiler and Pressure Vessel Code,
Section V, Nondestructive Examination,
The American Society of Mechanical
Engineers(1995)

ASME Boiler and Pressure Vessel Code,
Section XI, Rules for Inservice Inspection
of Nuclear Power Plant Components, The
American Society of Mechanical Engi-
neers(1995)

. RL. Edwards, P.D. Watson, G.J. Gruber,

“Fabrication of Specimens With Cont-
rolled Flaws for Procedure Development
and Qualifi-
cation”, 12th International Conference on

and Personnel Training
NDE in the Nuclear and Pressure Vessel
Industries, pp. 93~100, (1994)

R. Edwards, G. Gruber, P. Watson,
"Fabrication of Performance Demonstra-
tion Initiative Specimens with Controlled
Flaws", 13th International Conference on
NDE in the Nuclear and Pressure Vessel
Industries, pp. 167~176, (1995)

A.L. Pherigo, G.L. Pherigo, "Flaw Implant
Techniques Used to Manufacture Speci—
mens for ASME Section XI,
VII-VIII", The
and Piping Conference,
87~91, (1993)

G.L. Pherigo, A.L. Pherigo, "Implanting
Flaws for NDT Validation", 4th Structural
Materials Technology IV: an NDT
Conference, pp. 323~328, Mar. (2000)
G.L. Pherigo, A.L. Pherigo, "Using Flaw
Qualify NDE
Personnel", 12th International Conference

Appendix
1993 Pressure Vessels
57,

vol. pp.

Implants  to Nuclear

on NDE in the Nuclear and Pressure
Vessel Industries, pp. 81~84, (1994)

G.L. Pherigo, "Flawed Specimen Design
and Manufacture for ASME Section XI,
Appendix  VII-VII", 11th
Conference on NDE in the Nuclear and

International

Pressure Vessel Industries, pp. 225~230,
(1992)

10. G.L. Pherigo, "Performance Demonstra-

11.

tion Testing at the EPRI NDE Center
for Intergranular  Stress  Corrosion
Cracking in BWR Piping", NDE in the
Nuclear Industry, pp. 45~48, (1987)

P. Watson, R.L. Edward, "Fabrication of
Test Specimens Simulating IGSCC for
Demonstration and Inspection Technolo—
gy Evaluation", 14th International Con-
ference on NDE in the Nuclear and
Pressure Vessel Industries, pp. 165~

168, (1997)

B HFF 14 33 (2002, 7



