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Pre-Service Inspection for Reactor Vessel Penetration Nozzle

Ik Jun Noh Kun Chul Shln Hae Suck Klm
Joo Youl Hong™ and Jung Kwan Ch01

Dong Jin Lee',

ABSTRACT

US NRC issued rulemaking of 10CFR50.55a to perform the Perservice and Inservice inspection for Reactor Vessel
Head Penetration Nozzle of US Nuclaer plant. The rulemaking was required the EPRI Demonstration to verify the
NDE technique performing special Ultrasonic examination. In order to meet this requirement, the UT and ECT
procedures was demonstrated and the NDE personnel were qualified by EPRI. In this paper, the NDE technique and
analysis method are described the Preservice inspection for the Palo Verde #1/2/3 Replacement Reactor Vessel Head
Penetration Nozzle using the qualified procedures and personnel.

Key Words : PreService Inspection (7}& 77 A}), Reactor Vessel Head Penetration Nozzle(FAZ
NRC Rulemaking(NRC 7FA] 87), Procedure(d 2}4]), Ultrasonic Examination(Z+ 3847 AH), Eddy
Current Examination(2HdF&47 AH

f
)
k) OHTl
!
br
\m@

1. A B Penetrant Test)E # 24 73] 35t PTY #HHA|
=]
B

ANE BT AARACH AF 2 £ & &7
U= APSAFZHE] 458 Palo Verde #1/2/39 = PT White(No Indication)®] &7 7]%& 2 &3}

Replacement Reactor Vessel Closure Head (243
A2 = - RVCH)= ASME Sec. I 19981 d 3 2

4 &4 F4& FR39.
FUAE T CEDM &% Z Penetration J-Groove

20001 FFo] g5 o] A8ttt Palo Verde#l/
23 AAY AR v FAFA APSS Ut
2 3=, CEDM (Control Element Drive Mechanism)
AR 2 z2YIY 75 A AK(Pre-Service Inspection;
PSI) 32 Ak Mol E3Hete] 2006 4€ Kick-
off MeetingS A|ZtO.Z A&}t H om XHF #1 &3}
€ 2010 549 30l FHsHA oF 443t A=}
2 AAE FdsiH AAeth 58] Az =
HEH =59 J-Groove &= A5 §HE H

¢

z 785k §HS AU S7 PT(Liquid
T AAR, 34, FAFFACE) v AR
E-mail : dongjin.lee@doosan.com
TEL : (055)278-3355 FAX : (055)278-8411
* FAFFUF) WA G
okl 51

weld 9 92 BFH Nozzle W/He 878 HAL
F-2lol o3l ASME(America Society of Mechanical
Engineer) Section XI 20013 % 2 20035=, ASME
Code case N-729-1, EPRI(Electric Power Research
Institude) Letter 2003- 0132] HFAM, w]=r NRC
(Nuclear Regulatory Commit) Order EA-03-009 %
NRC Final Rulemaking 10CFR50.55a% ™2} Shop
WellA 75 -4 AHPShE *EE%P%E} NRC Final
Rulemaking& 20083 9¥109 FEHHEA 2009 9
4 1¢ o|F FhH= BE 7HeA/T AAHPSUIS:
Inservice Inspectionl)®ll HEES g 3to| we} 2009
d 99 o]% 3% #2 2 #1+= NRC Final Rulemaking
o wtz} PSI HA7E 3 = 1T EPRI Letter -2003-
013 AIARE2 RVCH Nozzleo| W PSI HAAHE



10 o]F7 . 9 F. Al

FTeA7t FHFEE AduHol 91om, NRC Final
Rule Making 10CFR50.55a-2 PSI Z4AF 2742 ASME
Code Case N-7299] 87& <5< € WY E A Code
Case N-7299] Q79| UT H7}A o thdk Personnel
Qualification(+4 AF)= F7IEF22H AA 24
= et AA9Y 9 AAPEH-S MRP Letter
2003-0132] BAFE 2 ASME Code Case N-729¢|
w2} RVCH Penetration®] 7HsdZAAHPSDHE 38
s i=

FA34(F)E Palo Verde #1/2/3 RRVCH Shop
PSI A4 #3E 918 W52 Wesdyne &2 5E €
g S e A S A A 7010
Open Housing Scanner)E 71 4 w&& o|F3 &
FAF Project¢] Entergy mAd UAE 3 & PSIdl
3% Foste] Ade A3k A2 Practice ot
Trainings 531 2HA A 8 7HeES A<
= gysisith

FAEETAE)E 14(APS)9] 23191 EPRI A%
4! NRC Final Rulemaking £1-& TEA1717] $3]
EPRIS} #3 HAAE &H 02 (alibrationdt
UT 2 ECT(Eddy Current Test) 3/H7} Ax}A S
Set-up3tH oH, H{5U HAF AHE EPRIZ 27
PSI AL 8217 FU AAIH-S 483t UTECT
Data 3 2 H7He 53 #d dAAM A5 2

Personnel Qualification2 7 Z13tt}.

¢

.

2. AR = 2ASE JISTLA

2.1 HAZ FE S 7S A 24
RVCH Penetration Nozzle®] 7} ZHAl= 17
o AFsd 9 A 713 F AALe] HA
2 F7} 845 71E8te AAE FdE AT Al

1998 % 2 2000 F5& 7|E3I9 T 53] YA

1) Build-up Weldin : SMAW manual / PT
" P g

2) Rootpass welding : GTAW manual / PT

3) 1/4T,2/4T,3/4T & 4/4T welding : GTAW automatic / PT

4) After finish welding : GTAW manual / PT

w|w W |w

\/
Fig. 1 J-Groove 4% 34 9 -8 NDE

Transaction of the KPVP, Vol. 6, No. 2

2 o #EH =29 J-Groove S HFol 3|
A& Fig. 13 Zo] 83 & FatdY PTE 33t
Aok 24 PTZ

% vhth Code WHZ1ZBT AZF No
2 2t FE9eH 4% &

3 715A AAA AA
)i}

ul

H PTE PT White-PT d4Y & T A8 A9
3 UM = glojok ko] FAVEE 44, &)

= F45 R

AR F = A g Aol 45" $ CEDM
$3 A #FH =50 3l e HAAE S5
=t 3718 AAF Al7lel e} v NRC A4 831
o] 2 HL&Fth 20099 9¥ 1Y 7|Eo2 oA
o] 39 357]E= ASME Code case N-729-1, EPRI
Letter @ NRC Order EA03-0097} 2 &5 %lom 7+
a7 a5 A9 E Fig 29 2t 7hs A
ZAAF 382 MRP Letter @ ASME Code case?] &
7ol wel EPRIGA HAA AAAE HE & A5H
AAAZ AAE TG BEHY 02 2 #le
NRC Final Rulemaking®] 71 weh AAF 48
= A

T

g
A
iy

NRC EA-03-009
Fg. 2 AAHE9 &7

Code case N-729-1

2.2 NRC Rulemaking?| 27 9%
Palo Verde #12 A FAAZ = AEA v &
9] PSIE= NRC Rulemaking?]-§-0] AlFH oz 9+

A GA W] A g THLe AR
TAleAo] F7kE A gFofok g wel 1H(APS)
o] F7ta7 2 A&t NRC Rulemaking®]
£ 832 AAA AT 9 UT A dFe

Feta ok 28U, dE =F #ER AHGAL
E HA £ e 8% A 4l wet A



AR = BE

Ab 738k el A 87153Y. Nozzle Ul/&j® el 2
AF &7E e AR HAHESE RRAAPT B2
ECDE 33 A ARG} F3HA efots 9
o= |Azde] 7ol FFo] +Ag PSITH W
S (Nozzle W™ wetted surface, Nozzle &JH 2 J-
Groove &4 %

is being substituted for a volumetric examination on

A E™ ECT-If a surface examination

a portion of a penetration nozzle that is below the
toe of the J-groove weld [Point E on Fig. 2 of ASME
Code Case N-729-1], the surface examination shall
be of the inside and outside wetted surface of the
penetration nozzle not examined volumetrically)®ll
29 3t #5d =59 259 HHHAAE S5
A ¢ko}= NRC Final Rulemaking £71& THE&4
Ao FE AA(APS)o] FHE 7HEFAAISHY
Baseline Data &2.E $J3l| Volumetric Examination(UT)
g sas90

NRC Final Rulemaking®] W2} 43 Al 718 A}
Fe ot 2o

A, NRC Order EA-03-009%
oF HEHA Pt

EA4, 2009 9%1%1 O|FHE = 253 BFAA
T8> ASME Code case N-729-1 Para.2500< 28
3= tl4l NRC 10CFR50.55a(g)(6)(ii)(D)(3)(1)ll A1 NRC
10CFR50.55a(g)(6)(i)(D)(3)(iv)2] 27 wWE mockup

0]-83}4 blind demonstrationol] 2|3 HA=H AA}

AApA 9 FHE o] gt FaPEojok g
*;WH AR E #H4 10709] Age e mock-
ups F83t 100% HET F IEF FAH o ok
atal 4 39 o Aol BIHE Fdste] A5
of gt}

A, 9 279 3712 Personnel Qualifications
ASME Sec. XI Appendix VIII Supplementary 109]
LA Fote A5 AAlsker A3 HES ASME
Sec. XI Appendix VIII-S10-12] Mock-up°ﬂ A FHA
80%2] A=4S 7hAoksta AF do]57 e RMS
(Root Means Square)= 10mm, Z°]ZA 2 RMSE
3mmo] 831& WHEsfof gt

FaHe39LS UT ¥ ECT A4 253} Personnel
Qualifications %3171 18] UTAHI(7010 Open
Housing Scanner Assembly) % ECT “H](Groovemen
Assembly)Z 7| EPRIZ 243lo] & 10402 T
A ASEF I A Fdsdn A5l A

20083 12€ 31¢¥

KeNeY
=
9)

1

T3 11

28 HAAE UT 38 2 71 "AA 253 BECT
T4 9 By} A 3308 FAEACH, Personnel

Qualification®l] #¢Jg+ 10 =F PASSSIH T

2.3 ZSOEAEAL HE Ty

23.1 7FsAZA 282 TOFD UT

ofd wjddA YA} Fig 37 2] Crack
v WHAY 57 FUAH YATE whALe)
A Crack®] ¥Z TipollAl FA3E APA T o]
3dutes dEGEA BE HFOE HiEo] o=
AA A= AET + ok -] A= v
Atghol] Bl A5 F3FEZ Pulse Pre-AmplifierZ
ZZ3}l9 A-Scanol]l YERAT

TOFD #HAL 71Rjol A 3+ 49
g5 2 3 dof nFEEa

T

1

ok

O

39

Incident

wave Diffracted

waves

Refracted
‘wave

CRACK

Diffracted
waves

Fig. 3 TOFD Al59] U4 Az

Transmitter

Lateral wave

N\ /- Back-wall reflection
v "v—
' Crack tip v

(b) AT Opening Crack 4%

No Lateral wave

eemiier )1 Lateral wave Is blocked

- P
S .

- Back-wall reflection

BW

(c) =9 Opening Crack 4!
Fig. 4 TOFD &4 vl 9 %253} 213

=977 33 =2y Aed A2z 2010d 12€¢



ditH ol vj X E T} Lateral Wave(LW)&= &
o} 2o 402 AP BHE e uE Ay
%, Backwall Wave(BW)= A oA HALE 3}o]
ok Tk Cracko] EASFTA Crack®] Tipoll Al A8
H 3™y 2sr7t BelA " Fig. 4= TOFD ®
& $1% g4 viA] 9} TOFD B4l A 25+
FQ ANFTEL B F1 Q)

THeF I o] Fig. 4 ()9 2] Wi EAgod
3| -A A Z = Upper & Lower Tip 2707} Aol AZ
%, A8 o] OD9} AZH AT Fig. 4 ()<} 2
o] BW7 @ Zejoll Al Upper Tip Al5% A&
HAot E=3 I #5217 9de 89 5, D
o] AZAFoUH Fig. 4 (c)2 2°] Lower Tip Al
30 HAEE I LWE B2 Aot

gEae] 72 3w e AEd 4% 559 TOF
o oA A= F Aok ST FAAAGEEA
7} Fig. 594 2ol wWix = ol A& B¢ AF oA LA
H A5 4359 TOF()= 2l(1)F 2ol Yetd ¢
Aom, 4o Zojd) Z Eolhe 42 2 43)
3} zko] YERY 4 Ut Fig 6 PCS(EEA &4
7t 78]-Probe Center Spacing)7]8] 2S& HojFal
Atk

i i
b L
t 1S o PR t
~ -
~ -

~ -7
d

L

Fig. 5 A-Scan Signal®] A% A7t

Initial pulse

Fig. 6 Nozze W™l Sl TOFD Probe®] 2S

Transaction of the KPVP, Vol. 6, No. 2

2
t:%-i-? . 1 21(1)
_ c)’ 2 2 Al
d=y|5] * (t=2t)° =S 2(2)
h=d,—d, A0)

232 253 24 AA

RVCH Penetration Nozzle Mock-Up A&l Al&
¥ NDE Inspection A|2Bl9] F& X (Fig. )=
Computer, Workstation, DAS(Data Acquisition System),
MCS(Motion Control System), Scanner 12|31 UT
Probe 522 T4 E 019 2™, Open Housing CEDM
UT Probei= Penetration NozzleS UlHA B3
G+ ole T2 AT, $E4 REL O
Mol UTAAE SAd 49 + AES 54
A, dAFEEE 98 954 22T TOFD

ol

4y oft oft
dz X o do X he e N

S Ads WA e F2E HoJdo
4 TOFDE &A= 58 =& WHE FAE
3] 7010 Open Housing Scanner(OHS)o| <172

Ho =&9] 43tE FASIHEA] Nozzle 95+ &
AE 94 45 Aoy UT DataE 3 sH3ith

—

il

Fig. 7 RVCH Penetration UT System Set-Up



A= HE BT

Y22 71 & HAE RVCH Penetration Nozzle
9] PWSCC(Primary Water Stress Corrosion Crack)
AE 9 1 3719 34 712 Nozzle® 7]3}3H4]
T J249] @A W& TOFD UT 71l 7t
F AR AAIHe s dEA S

Penetration Nozzle €379 744 &< ¢ &4
o 9% Nozzle X5+ W3} o] UT HAtel| A&
gel 2ol 1T AFE EYS UT AAA 29
T ASE I Mock-Up A&l TOFD 97 3
FAYGY UT AA7ES A gsdn

K
3

>

2.4 SIMSEIANZAL M 7|8
FAFHAAANE AR FE A5 =Z Ui

9 wetted surface, HFH =& YA % J-Groove &
AR AZHS TP G5 AFH =5
W] wetted surfaces AAMSH] Adl =53 g4
gE2k9} g4 AXE o] 7010 OHSE |43t oH,
Nozzle®]™ % J-Groove-§3F+ Groovemans ©]-&
3to] ECT Data® 58F3{th ECT Data =3 3 3
7b "2kA = vl EPRIZREH H5H dAAE 28
3} ECT ®3A= Driver Pickup X- TypelE
217 3mme 93 ZYolth AL FIFE 400KHz
9 200KHzE AH8-31%1 ™ 400KHzS| Average pick-
to-pick+ 300~600 ECU, 200KHz+ 200 ~300ECU=
AAsath. AFAE L Zo]7} 0,041 EDM =4
7} 7bEE AEE ol gstgl o, A3 EEx
A2 HEQ ANTE 155 BE 19552 HAsd F

H S wAsHTH

[ Grooveman 2 WILMA SYSTEM |

CMP FRONT

WILMA COMPUTER

ET Acquisition PC.

Fig. 8 RVH ECT System Set-up

3. 7ZIS™MAAKPSD) 3 L ZHo}

3.1 Palo Verde #1/2/3 RRVCH PSI &
YAZ FE FEA AAF FHL Table 19 U E

=E 7ed A 13

Table 1 7} 4 HAA 738 U &
AAE-9 oA 27 | PSI A
= UT(TOFD)
97EEEM CEDM %% | UT(TOFD) & ECT
- J-Groove &3+ ECT ECT
ECT ECT, 7 &%
CEDM =% et ’
1 Vent Pipe &FAEA & 455
J-Groove 3% ECT ECT
3} 7] CEDM % Vent Pipeol UT9} ECTE Z+7

T stA
UT oA Block> 95908 9 Zwdko] 12t &

1/4t Zol9] Y/2)H EDM 7}& 2 2 NotchS A 2+a}
Attt 993 EDM Notchs WOz wjdd
TOFD B2 A% w4 go|1, %% EDM Notch
t 9FUEoZ wjdd TOFD ©&4e 283 A
3 WALOE ALY

3.2 Palo Verde #1/2/3 RRVCH PSI & Z1}

AR HE AT =29 uTAA i #4919
Nozzle Wetted Surface %1 9] Base Material®ll = No
Indication®]™ 5 # =Z&9] Leak PathE H &3}V
A8 FARY FHE Datas 83t HIME
PP o™ Leak PathZ A EH+= AA= AN
Jed, HA o H%‘)ﬂb E3E A AT '%7}
AR AFe S8 & Z3} J-Groove £4 5
Aol sl 57 } -137} T3 A . J-Groove
BT HeH =F AT F49¥ Weld Volumetric
Indication(WVI)©] #HZx A|ZtH 35 7]= thEe]
AAATY HEHRAL, 74/\]-7:‘Jﬂroﬂ o3} Feedback &
S 9 &5 =4S Bl S5 2 #1)

dle A 7 AAEA Stk EHE A AL
WvIQ] H7} 7158 vl= 4A 1810 FHEH e 71E
INDICATION PLOTTING SHEET Repart No. vasu;m:n %

Ineasen

e

\
Y

Fig. 9 Nozzle #5# 8459 AA 34

=3 Aled A2% 2010 12€



14 o] FR - = F - A%

| o e i s
) oy
ee— o

2/ AAF A A (Surface Indication)

< g3t S E Y 50% o] AAE 7ELR
71 &3 A th(Fig. 9 #Z).

WVI A& UTHA A3 3712 SAE AA =
= =& Ui uAHg A AZ Lateral waveo| T
g W3S Jelf= Shallow Surface Signal(SSS),
Penetration Tube Indication(PTI) % Back-Wall
Perturabtion(BWP) AA7F i HEEHow HF
Bt AT olF ¥53 AAE A& F U

b HAFREY A AR AAR 3N &
7] BFoA AR =F WH| Wetted Surface®ll
© 2AE AAZE 1o, Tube WA A& F
WAl E oA g A3 5 Surface Geometry Indication
o] Aol #H AR A HiAd 7]ZHY
o™ J-Grooveo| 13 S FHolA W A
Elo] w2} Geometry Indication, Permeability Variation
Indication(PVI) o] 4AE o] g R 7| &
A (Fig. 10 =)

3.3 Nozzlet|H Distortion ZfAof T2 X=X

J-Groove &5 &3 A &5 Gl o 5 &
F& AsH] Al 2429 Nozzle A Mandrel
A28t J-Groove &7 O Z 213k Nozzle W™
Distortione = 8F# k. Mandrel& 2-83}o] &
g A3 = FAFA e Nozzed &35 =
o] ISR Ekom = JIYFORE 943
=Zo &3] Aol wel 854 9
Distortion®] A3t o1 Fig. 113 o] A&
Wrtstede oA TS XA FUTh

T8, Mandrel & AHESOE E78ka 84
o 9Jgt =& 9| Distortion®Z I3l UT Data
FHol B7HE & 9] =&ENo.75)°] 137]914 &
AT =5 UH 84 HYoE =59 0= F
Al Distortion®] HA =A™ UT Data T A &
%7} Housing &9 #AE 3l =59 28050

o

M ot ekt 4y X 1o o

Transaction of the KPVP, Vol. 6, No. 2

A uongaga |

M
Nozzh

Fg. 12 83 ge] & UT A& 4 =71

Jr00%e Weid

A 324% D 38504 90% Alo]o] UT Data 4 ¢l
E718t A th(Fig. 12).

23 Ago] dAH H2= Nozzle oA 100
mmeol| A 150mm7HA] 35 0] )9t} Nominal Nozzle
W7ol 69.2mmolut WPo] HAHE F9= 65.6mm
2 3.6mme Aol ZFaxol AATHFg. 13). 7+E
A UTZAF Datarx= & Nozzled| Al F=3F o] FHojof
Stk 1 27ddl wEk WEgE $-91E Baby Grinding
< JAS 58T Jigs st AAsIA YA
s|= AA Al CEDM9| 24 AMAFAE 5.6mm
A2 F AAE 19.7mmeoll ¥l FA Be o
Fas Rt 9l 18y, CEDM FA 7
F& H438lEE 0] Q759 o o]d Baby
GrinderE ©]-&3}9 0.5mm ©AZ A7 & UT Data
2 53890 9AE Grinding 2 UT A+HE w
B¢ A3 % 2.5mm AA ¥ UT Data F3 ol A
39 M (Fig. 14), AT Aol tigk 124 $Ao
2 439

fu b

S
S NN SRR
SN

s ~

Fig. 13 Nozzle Y Distortion % 2 #17 Tool



Az e B

Fig. 14 %753—.— Distortion Zﬂ 7] & UT Data

4. 4 E
ZAA 23 CEDM #E# =2d= UT 2 ECTY

7]i% e AA7E 040104 127] 92 =
o] =& 17}lA J-Groove&H 22 18 Nozzle Ul
=% LA O 2 Distortion signal®] HAE O] =5
TAE Tl Aol ZFskdth e nAE
AZ e AFH HAAE FAGAEZN FHH R
A AL 71ES ol &ste] m= EPRIY HFS
W e Akl AR A&t nAA HA
o AAL & Ao HAAl Data® AFTE F UAUTH
ol HlEoE YAR = FFH UTHA Data
4 Wy E2E2F H7 GuideE AAsHoH @A)
4R el Ago] fIA™ J-Groove &HF ECT
Data = that H2 &5 9 37} 2235 g5
S AT ol FAG AR FE AFH =
9 879 AAel sl £ Projecte] HEH 7=
< &&3to] ALHOE A 8rts FAlol o dd
ok &% EPRIY A5 Al AI7I1F 02 FH|7E mH F)
9 Leak path F&& F712 AF5S F3I8te] NRC
Rulemaking 10CFR50.55a%l @2 Personnel Qualification
< FEE Aol

FE,

T8 =& /s AA 8 15

re

=t

i

1. K. Kietzman: Guidance on TOFD Inspection of
CRDM Penetrations, EPRI

2. D. C. Adamonis, F. D 'Annucci, R. S. Devlin,
M. W. Kirby, J. P. Lareau, P. Sjoberg, R. P.
Vestovich, F. G. Whytsell: Advanced NDE
Techno logoes for Alloy 600 Components

3. R. S Devlin: IntraSpect UT Analysis Gui-deine

4. R. S Devlin: IntraSpect Ultrasonic Pro-cedure for
Inspection of RVCH Penetra-tion

5.2010d 4 EoH3] WE=FER

o
A
2
®
3
N
ofd
&
-}
ri

3 A6d A2z 20108 12¢¥



