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3.1.4 #ipls 4

B i &:100m

[ | ? 2 R 25~40mm

B REHT AR LR AT
B P RELERRT A T

B {&p)E A :320~400m/ P - 5

3.1.5 B R FAR A
B(-): PHFFPRIATERY T HME LT ERE F %GR
SR R Y o

-

w

LGRS+ F- R RN
3.2 ¢ 4]‘-’:"_;1’- 1](/”\4‘_1.!-#2’{&1

301 4 o
g &'ﬁ%ﬁ%’('&r‘; BiE *ﬁ'? BED)E X PRESRY %K PR A g
®HEFMRe BA T A4 (CUL :Corrosion Under Insulation)4eB(~)



CUL E3% & o M2 E S 2 515 ¢ B AT Farips it
ERNMETEFAFER LAFELT EF P REEEL P W
HEARRT > FAEESITI e A FRER S A 0 Ak Fp &
p = o @ (Hitachi) B 4 @ -k & ?(Neutron Moisture Meter)#7 4 ite
WA PRI A ARA IR RPOELT ARG E
ECULWM > » WHRFFERYZEE X X RF R T

B®l(~) ~ CUI : Corrosion Under Insulation

322 RiE
Bl(4 )5 ¢ -k >3+ (Neutron Moisture Meter)$: s JZ 30 B> 2 2 £
fI#* — ¢} 3 R (Neutron Source)sd 5 1) & i# ¢ |5 b4 > L 540 % 5 35
EREAEFTETEAFIRAST > FB RSP L HRAT EEHEF IR
3 %+4(Thermal Neutron) @ 375 » £ 5d % 2T H® % (Multi-Silt
Collimator) 3 % #3158 B4} 1% (Difference measurement; Shutter) & i/ ;g 3231
TP SRS E BRI P Ao Bk A SR B il d Bl
AT R E R WP PP e



Modetor

Neutronssource

@ Difference

meas#rﬂnent @ Multi-slit

gollimator

Concrete

N:Emanl Neighboring piping
detector The ground

y Device handler efc.
Signal(thermal neutron)

Noise(thermal neutron)

The neutron which penetrates

contents moderator

Bl(4 )5 7 #£-k A 2+ (Neutron Moisture Meter) 3 itk 32 7 %, B

323 & #H
PR e K E RIS T
B & P45 EF (Head)
W ¥ 454% (Variable Rod)
B 357 F(Indicator)
B 3% (7% =84 (Operation Terminal) @ 12 3 30 4 B 27 6 P45 BF 1 40
B o788 0 e Bl(--)

type)

Wireless
LAN

Operation

\ther) terminal

Hea

SUIKODEN
main body

()~ Bk R
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MgrEs [00 BE  %#Q 2011/3/11 48 2012/10/18
BE =x  12150v ®EZHE 10000V
stimlesfE 5s . FAMES 25 0mm
stllEsER S0
' 5 ] T 57 4 : e
UPIRALT ST 20121018.cov QT T e e el EnitMT—4
100 ; BABL AL 40° FHEE—F
0.00cps | B
&t B s e Etail
% 6o sasep [ Eogl [T\ o AR
% FL L x |/ R S 60.09cps
) 0.00cps tvemy | | i N 2SR
| Bereszl o 41 180ps
-120 80 60  -a0 g e R e e TR e b
BRI (s) HmES 1 ga; ;ps
wEsFAST 1 smmsasr—n o0 e
BREEN o vosm| 75—sorr| EmEe | aw | PR Lames

. Lid. 2013, All rights resarved.

BI(+ - )~ #7808
3.2.4 HaiE
MR RSk D & - WO E B R P 2 K A 4+ (Mock Moisture) & i 3E
X % (SUIKODEN : y* 3k & FAL)entgiplic 4 > ¥ g gy 83 ﬁﬂ IS
A g e g5 (Noise Source) & 4 & & 273 Jp $H BB 25 4o it

3.2.4.1 &30 % REsk
RI(-=)rtBRARRFRUR > F L3RG ET #
W ¢ Sidr i R Bl eE (83 B (Count Rate) 22 #1718 R Flevk & 5 &
(Quantity) = i +*
Wb B YR AR 0 B BT 4K
W A E REERE T AR 0F
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Piping 31 SUIKODEN 31 STPG 12.8 inches(300A)
%2 Calcium silicate 50mm

Piping
s =
= ossnmeeann Mock

| moisture

Insulatar 32

[cps]
25
=
o
H
. g
S
1Y S5
=t
0
=3
8 _5 —=i | i i i i

&
S

=20 -10 0 10 20 30
piping axial position[cm]

B =)~ &8 KRR T R B

3042 4 ek hiEsk
Bl(+ =) % ¢ & fe3(Noise Source) R imidZ ff B > 0 2% B 57 712

Ty
u "e'i? ’E Mok A 3 2 (Mock Moisture)f o % Su7 1§ i) B e B3 e
ST
u Tili BN KA 3R 2 (Mock Moisture) F > i St 8 R 3] e (3t B
I RREA ’f?@*ﬂwﬂ’&%}ag%wmﬁq %% 3
2

Piping 31

SUIKODEN 31 Stainless steel Tinch (25A)
32 Urethane 50mm

Piping
Contents
(Water)

A el 3 Mock

E e 2 —__ | moisture

Insulator
™2

Noise source
( moisture 5L)

[cps]
25
—O—in mock moisture
20 ® no mock moisture

-

-

count rate

-30 -20 -0 0 10 20 30
Axial position[em]

B(L =) 7 s iRE%T & W
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3.2.5 MBI B
Bl(-z)s ke ’l? R YR BRI B e

TL Honizontalipiping

B(S )~ 5ok s+ AR o]
33 FFAZ BLELIHNKE AR EN

33.0
pA= 1 (MHDEF 2 TR F 22 BHRBIZ F R Atk RIH
WS E g %ﬁi% AEAGI R BANERE AR RS2
&4 KA R(SCC) > 2 AR & F F A (Narrow Depth Shape)# firbhe Bl (+
I) AP AEE AR R et R EER P T AT
% 7% B (Crack Depth) » #-F 243032 e 2 £ F 3 & B3 & jx 4% > MHI #
L FAZ F A W BIK A e & 2 $ES(Tip Echo) e Bl Hiesd 3 2 Wik R 37

s ehp o
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Approx. 81mm

Weld
(Stainless Steel)

Buttering (alloy 600)

Overlay
(stainless steel)

Weld (Alloy 600)

Nozzle
(low alloy steel)

Ref. KEPCO web site

Tubesheet Safe-End
Outlet Nozzle (stainless steel) .-

LAS Sus

[ Max. depth. :23.1mm
" Position : X=0, Y=0

BI(LT) FFALEL I o BAA RS £ & AUR T 214416

3.3.2 < #3454 (Tip Echo) & diF & 3% 1% R 1L

Yo (- 2 ) X BEM A MR RIE T LB A LR R

BISRR P 5 A MBS 0 U R B o R e L
B RIS BRI > B OFIFEE S A L DR F AL 2
¥stw A E P ER > It HFARELRETT T LFR -
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How to perform depth sizing ?

Depth Sizing  Tip Echo method

B e e —— e i, o

o UT Sensor

“s_ Weld

SCC

' Example j

i

BI(L =)~ &8s 5 R R 2R R & B

3.3.3 Ml iEsk
BAMA LR 1T HT ek Ak R R R R A IR R
(Mock up)4eBl(+ = )#777 > L A 2 d 2@ * % b K Pl3Fif ek (7 5 %
B BI(L )4 B A B 5 N EE g MHL #7 B 3 ek 5 N 4E 5 o

. Destructive Results List of manufactured SCC
SCC (axial crack) SCC type Aczgzlagggap(m%) Crack gap

3.8mm Not measured

Stainless steel crad 4.0mm < 5|.|m

Low alloy steel 3.3mm < 5pm

Alioy 600 buttering 9.8mm < 5[."11

Alloy 800 cireum. welding | Narrow and 10.0mm < 5um

Stainless steel deep shape 15.4mm < 5um

SCC 16.7mm < 5um
20.2mm Not measured

22.9mm < 5um

23.1mm < 5pm

30.0mm 10pm

3.7mm < 5um

10.0mm < 5pum

%?1naeral 15.3mm < 5um

che 17.5mm S5um

41.0mm 30m
40.2mm Not measured

® Total 17 SCC test specimen (11 narrow and
deep, 6 general one) had been manufactured
for evaluation test of the advanced method.

General shape S(EC
BI(H =)~ SRR RI 5 38 B (Mock up)
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WG 5 SRR

®Conventional TRL probe
®Specs: 3MHz-TR
®Apply to: All defect

B MHI 73 5 0 7 5 4 5

®Small type TRL PA probe
®Specs: 5MHz-40ch
®Apply to: Shallow crack

®Matrix PA probe
®Specs: 2MHz-96ch
e Apply to: Middle to Deep crack

BI(+ ™)~ Bad 5 5 4R Ep ¢2 MHI 27 B 3 el 5 5N 4R e

334 R E%
B(L4)5 %25 > @@ %N £ 5 (TRL T70 R50)4 4 KR B -]

15mm pF o HEFEER BRI ERITREE > REHPEIEER £ 15Smm
P B R RIEREREEF R gL o RpP H DG BTG L

e sB SRtk A 25 FlenlEA) ) F B MHI 4R fE A 40mm P o

16



W IEE R BRI R R AR G R AER R -

50 = \ 50 I I i
A Conventional TRL T70 R50 W Small type TRL PA
Open Mark: conventional SCC 4 Matrix PA for middle cracks
- 40 i T _ 40 || A Matrix PA for deep cracks -t
E ; E |
E £ A
St | — |
i 30 — £ 30| el v
2 | £ t(ﬁ
o
2 20 7Y - '§ 20 ! o
] A D [} |
= A E |
ﬁ h, A | | -E |
w 10 K i w0 ‘ 1
|
\ ‘ ‘
(1] 0 ‘
0 10 20 30 40 50 0 10 20 30 40 50
Actual depth (mm) Actual depth (mm)
B YN F R MH * 71 ;\ 3£ £

BI(- 1) #&5*
3.4 ﬁy‘f A2 %%‘Via‘%% ]gﬂ.‘l"‘ R B

3.4.1 o
ALz FE A MHIH 2 )% it 23k & B @ v (Nuclear NDE) %-3% » 3%
&7 wROK PR B (PWR) & 7T A 2 B (Steam Generator) 4o B](= -+ ) e B
FRntRE s gk 28 Y AT REORR FTAL BRI}
FIREBMAETEFL A aE - SRR FR P FE S S KRR
Rih 2 o

Steam outlet nozzie

Steam dryer
. Moisture separator
=~ Pressurizer
Steam
Generator Anti-Vibration Bar
lAve]
Heat transfer
tube bundie
Reactor Coolant
* Pu
Primary coolant outlet nozzles Primary coolant inlet nozzle
Rqu}‘g“gl (to Reactor vessel) (from Reactor vessel)

Bl(= H) s BRSSP RECALE
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fzséfiz}:a‘}s A BEHEEEBRIUET IR G (EddyCuITent
Test) BI(Z ~-)5p += ¥ 2 P(MHDEF A4 BR 2§ Tk
BriB A FLKRRA R RLIZHEGEH TS BT R ﬁv#ﬁﬁ*i)\?
ERE AL VA BEIHIRETIFRL R Mrrﬂvg MORUEL > (S T
JC B LR E R A AP s o G- AR BRI B P R g RlR
ff = MHI p 7 B ¢ e9 3 + 3% %288 4% 27 (Intelligent Probe) -

Fully Automated ECT System for local use in Japan

Data Acquisition Unitl

S
Sbot (MR- )

‘ .,,w

T Quad Pushsr—puller
(Tube Support Plate)

( Quad Iqlsher-puller i

B(= - )~ MHI &R K5 P it it 2 2 B3 B 0F T in et I 7 2 )

343 R itk BRI

BRI R £ SR o G LR R 2 e S (Driver
coil) 2T & Byt > # @ £ B EMIIF A RESE R RAL ERT I
ﬁéﬁ?ﬁo%ﬁﬁ@mm;%W£wwgﬁﬁﬁﬁﬁw%€$\%@ﬁ
BOL R A g BLIFTIT @1%@%’Ma%%%ﬁ@@&wmm
Z B3 Bl(= + 2 )% MHI & + ;% * 8 £ #¢ (Intelligent Probe) » # £ 3 24 &
BOE B 24 m BB F 1360 BRIFIE LS| NRMEAF T ¥
BTG EM R FAE A SRR £ 5 3D

) 32
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Bl enp e

T % 74 47 77 (Intelligent Probe) & # § 12 T ik 2h:

B 3iEPEREZE RPN o 4oBl(Z -+ =2)5 Intelligent 5 58 ¥2 Bobbin 45 &
Voo AR B R T HR RS % o Intelligent $7 B 25 42354 iRt @ 1L Bobbin
I 0 G ORE R R

WA SR B B T e T A AL A iR R 4 Ao BI(S
L 7 )

B 247 50 (S/N Ratio) » 4oBl(= + 1)

Probe Appearance

Connector Electronic circuit

24ch multi array coil Eddy current direction

(respond to both axial

And circumferential crack)

-

iy . .., Axial
Built-in electronic circuit c,’:,':k
- i ' Tube
Inclined P o / axis
drive coil 25 T_hil?-ﬁlm
(12X2=24) o E;‘i:l P \ lnglined Circumferential
N dr!ve crack
Thin-film Tube " coil
inside

pick-up coil ‘@& R
(12X2=24) surface prive - Pick up and

differential type

Bl(= + =)~ MHI § & ;% *z & 5 £f (Intelligent Probe)
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Depth | =
=

Depth | D ]
< Angle

e

AWT(Angle 5° )

on Straight Tube
AWT(Angle 5° )

on U bend Tube
BmWT(Angle 3° )

on Straight Tube
BMWT(Angle 3° )

on U bend Tube
®WT(Angle 0° )

on Straight Tube
®WT(Angle 0° )

on U bend Tube

Evaluated
Depth

Real Depth

Bl(= - =)~ Bobbin £ vs

40

@
=

Evaliated Depth(X)
e
=]

Verification Test of Wall thinning

Bobbin Probe

Real Depth(%}

RMSE 4.8%

Evalisted Depth(%)

Eddy current by inclined drive coil

Axial
crack N i

m Tube

r‘-———'-"'_"—

Eddy current
direction

crack

Circumferential

(a) Eddy current direction

Intelligent Probe

30 T

20

Resl Depth(%)

RMSE 2.5%

Intelligent #£ 5f  #z Bl sc # +* 2

T

(b) Eddy current distribution by
3D numerical analysis

BI(= L m )~ 3 58 e 47 5 4L 5% SR e S0 B 3
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Comparison with Intelligent ECT Probe and Conventional Rotating ECT Probe

Rotating ECT Probe
(Conventional)

Intelligent ECT Probe

Excellent \
S/N ratio
Data Acquisition Speed : - bata Acquisition Speed :
400 mm/s <= 5 mm/s

Speed is 80 times
Bl(= 7)) A5 iR F 3 B3R5 vs B Vg VIR 5

344 el E
WA A B EFER A W 5 MHI 7 g 35 5 (Intelligent Probe) ¥ i@ 44 5%
I 4F 5 (MRPO) £+ 8 B 4% 2T 488 2V 42 1) 58 9 Uenipl 8 8 & - v i
FR BT IS BIREE B 4 R 2 F > fe Intelligent £ £ ‘,/Tf TR gen
WA @ LT i L KR R A E R A H g Rl AR R R
PO AR (MRPC) 5 0T 5 R fEAA A R R R Rl R

B Axial IDSCC at Tube Sheet

Axial IDSCC at Tube sheet

£ )

MRPC (+P)

original  Afterfiltering
Intelligent ECT
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B Circ. OD Fatigue Crack at TSPL
Circ. OD fatigue crack at TSPL

20%TW |

Circ. Length

Intelligent ECT

B ODSCC at TSPL

ODSCC at TSPL

e T T N T

w [ o | deor [Am [ Tom | s

\

™

5 mm

MRPC (+P)

MIX 100kHz | 200kHz |400kHz

S e e T
wi v T3eia | i

coon | coem | cowtiz | mamow |

I After filtering
[

i s 28 10 1 3.

i = =
— MRPC (+P
Intelligent ECT
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B Circ. ODSCC at Top of Tube Sheet

Circ. ODSCC at Top of Tube sheet

-k iR Ja22¥
fimow | Wlox | W
| xR

Intelligent ECT MRPC (+P)

4.1. S4FEEE P \ch.a/ﬁi%é/?'Hixﬁ
1. fezn g% )\5'“
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B R ER T A P AT A &w foTl ke i B

(= L)

HERTHIFIR S

IEREY VLIEE S NCEER TR Y AR SR N P RE F DN L
BT RS AeBl(Z L)

(%]
o0 FEHB 2B/ N

80
U
60
50
40
30
20
n

0

2n.n an.n 4an.n
[nm]

B(= - ~) s %o i)

SEFEEMALR APMTE A TR E TSR ERRRALT
PORRHRSG R BAEE BB T ARFI DR
il
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B %
H o 3¢ ;ﬁ"b g_a zm%ﬁ/? W;ﬁ‘ r{? KT ,ﬁ;,?}f@lwﬁ_{.ﬁf’f&ii
*—;ﬁmﬁf&d o4 ;ﬂ"ﬁ RESE TR - J@iﬂﬁl‘aﬂ%ﬁ AR A N

A

2R F "%ﬁi&‘?

42, ¢ B3 kA pg
Lo~ 42 CUL* 0% 2 B g BRI > o 87 § Wbl § B R 30R) T
B £
S EETHE 7 R
T FERRERFIRHRPIEEE DR EFE- B

21N

AW

43 FF AL FRELIAD AR I
1. 50 SG il % B 40 & Fis &A™ il NILEF A R 4 4
BASCO#* KA AT i E2d - BIFF TRk 2iERE &7
Tt " MHL TR 5 R 5 44 17 fe
2. B ik (Depth) s 1 AZFF % h3mft i IFIRALAE 2 £F 2 & BB & { AT

E R Ry A FRTHHNT LG A RS B kR ke 8

44 FF AL TR P RE T IRRIBR
1. MHI Intelligent %ﬁ: B R F L% g (U-Bend) ¥R BT A
Bown T 4 # B (Heater) B2 2% H is 57 0238 & 08
2. ¢ MHI Intelligent 5 g s¥& Bl 5% » %% H 'g Ba¥ ae w2 ePIBOR SRR
FHREP BRETRSBDOFETIRAST R

3. MHI Intelligent 4% ¢ &c ¢ PF:d 3| B # g 2 Poid P it #
4 S FERAEFBEF TSGRV RLERF P HEF AL BTk o
I ~ERFA
1. 7% W*h L pldiy s 3 5 KT HELFNS A XL 2 s
m%ﬁ/ﬂ Feo 7#&; \’11‘3155#3";.‘:%?1»#3;0
2. %—’—""i‘ﬁﬂ 3'; Eﬁ%%:}iﬁﬁrf@;? é._ ra|l rﬂ’}:g/?ljl I'E_ " ’ }’@Eﬂ _S_’_T_]—— 1—}3 J—FLj‘J , V‘J %’3

] A AME G R EELER
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