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Weld Inlay Examination Capability

Summary

— The mitigation of PWR main loop nickel based
dissimilar welds using a weld inlay process is
under investigation

— Inlays are likely to be the an effective mitigation
approach where access from the outside is not
available

— The capability of inside surface examination
techniques to establish that the dissimilar metal
weld is defect free during and after mitigation
repair is key to the acceptance of this mitigation
process
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Weld Inlay Examination Capability

Project Description
— Purpose of this project is to

* Provide documented evidence that the inlay
repair/mitigation approach can be effectively
examined using existing inside surface qualified
examination procedures (No further qualifications

required)
7= T
S N R

SSSSSSSSS



Weld Inlay Examination Capability

Background

* Appendix VIII currently states that the qualification
requirements for Structural weld inlay (corrosion resistant
clad) austenitic as being in course of preparation

» Supplement 10 and CC-695 presently exclude welds with
Corrosion Resistant Cladding (CRC)
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Weld Inlay Examination Capability

— Tasks & Deliverables
« PDI Equivalency Testing

— Design and fabrication of a representative RCS mockup for
PDI equivalency testing (Complete)

— Perform equivalency testing on the RCS mockup with
existing PDI UT procedures and personnel (Complete)

— Witness of equivalency testing and document results
(Complete)
— Develop technical basis including relief request
 First Quarter 2008 (Complete) “Ultrasonic Equivalency
Testing of Weld Inlaid Components” Report # 1016543

published 4/2008 working with one utility on the
development of their relief request
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Inlay Specimen

STAMPED SAMPLE 1D # “601/1-I\"
‘ON BOTH OF THE CUT FACE ENDS

BETWEEN 0"90:

227.470

EMBEDDED FLAW
270"t Flaw Center Line = 4.25"
Flaw Length = 2.15°

Flaw Lengtn = 0.60°

x END VIEW LOOKING TO'
THE CARBON NOZZLE

Flaw #22
90" to Flaw Genter Line = 7.14"
Length = 264"

~

Flawit 12
90" to Flaw Center Line = 11.12"
Length = 181"

Flaw #122
90" to Flaw Genter Line = 15.38"
Length = 3.0
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Inlay Specimen
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Weld Inlay Examination Capability

Status

« PWROG has funded project lead by AREVA to
evaluate and develop technology

— Westinghouse also part of team
 Kick off meeting held March 19t through 21st

— AREVA and WESDYNE have collected data on
mock-up

— All data analyzed and results evaluated

— All flaws detected and sized within acceptable sizing
tolerances
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I Comparison Data

7 WEsPp Y=

PLANT

PROCEDURE
COMPONENT
ANALYST

PDI Supplement 2 10 Demonstration

PDI -ISI-254-SE  Rev. 2

Actual Flaw size to UT results of 601 block and Inlay Block

1.875" 0.37" 1-Q2 1.75" 0.37"

© 2007 Electric Power Research Institute, Inc. All rights reserved.

1 1.80" 0.339"
2 263" 0.350" 2.75" 0.39" 2-Q2 2.768" 0.34"
3 *0.60" ** 0.50"] 0.374" 0.40" 0.44" 3-Q2 0.64" 0.40"
12 3.05" 0.815" 3.25" 0.79" 12-Q2 3.00" 0.81"
embed 223" 0.70" RN
1-Q3 1.76" / 0.42"\
2-Q3 230" 0.33" \
I I R R 3Q3 | o064 [ o3 [ ]
12-Q3 2.875" 0.81"
1-Q4 1.625" 0.36"
2-Q4 2.625" 037"
3-Q4 0.72" 027"
12-Q4 3.125" |\ 077"/
embed 225"  [\0.71/
*B01 Block
** Inlay Block
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Comparison Data

AN

AR E WV A

Flaw Detection and Lenath Sizina Results for Inlay Mockup and Mockup 601-1 Comparisons

Moasuraiments froim the Mezzle Side I Fleasureimaents Trein the Safe-and Side
e asurecd
Mo asured |Measured |Measured |Measurad Flaw Measured | Measured | Mo asurad
Flaw Stam|Flaw End |Flaw Fliaws L emvigti St Flaws End |Flans F s Lengih
Positian P osimian L enagth L ength Wariamn P oesition Fosiion  |[Length L emagth Waria
feleq.k feler.) {im_} [ele gy b fin.p e p Jale gy} {im.} folea.p dimi.}
-22 14 -10.20 3.0 11.94 / 0.3\ -22.02 1112 276 10,50 / 013
A TFT A.03 172 5.80 JIESNGTE] Y -3.34 118 190 ¥.52 / 010
1226 =479 3.7 12.53 a1z 11.82 24 15 F.2 12,33 0.0
116 B2 =822 2.7 11.40 .11 117.18 127 .B1 F.55 10.63 -0.02
136.58 14242 159 S.04 4011 135.42 144 .67 .50 5.25 -0.50
150.20 15550 3.02 12 60 0. 05 149 97 163 .27 F. 10 15.50 o.14
207 44 218.07 2.55 10.63 .08 207.01 218 45 .5 1145 o132
225 55 23282 1.7% F.d5 001 22573 233.01 1.5 7.8 -0.05
24027 5372 3.23 13 45 O1s 239.55 =253 40 F.22 1=2.41] | o
310.00 Jz09r 263 10.97 \ ooof | 3I09E6 321 10 275 1144 \ D13
F2A .49 325.09 1.58 5.60 \ 0.2z /| 33548 334.61 1.47 513 \ -0.53
42 .56 35557 3.00 12.51 \ 0.o05]/ 34532 S56.04 3.05 12.72 \ 0.00
253 53 25572 2.37 0. g3 \{:I a2 2HE.25 205.20 1.98 S8.25 \0.17
HMeqgative Beaim Directieon Measurements | Pasitive Beamn Direction NMeasarements
Mo asuraed
Me asured |Measured |Measured |WMeasored Flaaws Measured | Measuared | Ve asared
Flaw Start|Flaw End |Flanew Flaw L ennagth Srart Flawe Encd |Flanes F | ar L &mapth
Fosition Fositiomn Lensgth L ength Wariame Position Fosition |Length L emgith "W rian
[ir.p fin.) {inn.} (clag.p (i {iin.p dii.} i} Lol g fiim.}
-0.42 094 0.52 0.00 / 40.08 -0.E4 -0.55 .35 000 /-0.25
HD M \ 0.04 .44 .40 0.00 [ -0.20
-0.==2 O.18 0.50 .00 | a1of) -0.28 o.==2 .50 0.00 [ -o.10O
o [ ] ] 0.0 0.55 .55 0.0 -0.05
-0.59 -1.14 0.55 o.oo 4005 -0.54 -1.15 .51 0.00
-0.4=2 007 0.4% o.ono \ o} -0.43 o.11 n.54 0.00 \ -0.06
-0.45 0.0 0.57 0.0o \ 10.03 -0.45 0.0 L 0.00 \-0.11
HD =] \ -0.19 045 0.55 000 \D.O5
~ ErPRI
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Comparison Data

AN
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Flaw Depth Sizing Results for Inlay Mockup and Mockup 601-1 Comparisons

Circumferential Flaws UT Measurement
Actual | Actual | Actual Actual Actual Actual [Measured
= | Quadrant Feference F e F Iz Center |Flaw Start| Flaw End F e Flaw Depth
é Start Location Length | Length | Position| FPosition | Position Depth Depth |Wariance
= (deg.]) Flaw # (deg.] (in.) (deg.) (deg.] (deg.) (deg.]) fin. {in.) {in.}
— 2 34340 263 10.40| 343.40 338.20 348 60 0.350 0.290 -0.060
é Iy 1 0.00 1.80 7.10 0.00 -3.55 3.55 0.339 0._390 0.051
12 17.80 3.05| 12.10 17.80 11.75 23.85 0.515 0.823 0.003
2-2 29.80 263 11.001 119.80 114.30 125.30 0.350 0.355 0.005
20 1-2 45 40 1.80 7500 136.40 13265 140.15 0.339 0._405 0.06E
12-2 B4.20 3.05| 12.70| 154.20 147 .85 160.55 0.515 0.850 0.035
2-3 29.80 263 11.001 20980 204.30 215.30 0.350 0.349 -0.001
i.:; 180 1-3 4640 1.80 S50 226.40 222 65 230.15 0.:39 0.306 -0.033
— 12-3 B4.20 3.05] 1270| 24420 237 .85 250.55 0.515 0.844 0.029
2-4 42.60 263 11.00] 31260 307.10 318.10 0.350 0.343 -0.007
270 1-4 59.20 1.80 .50 329.20 32545 F32.95 0.339 0.319 -0.020
12-4 J7.00 3.05| 1270 347.00 340.65 353.35 0.5815 0.876 0.061
Embedded 17.00 215 9.00] 257.00 283.40 292 .40 0.701 0.728 0.027
Axial Flaws UT Measurement
Actual Actual Actual Actual Actual |Measured
= | Quadrant Feference F e Beam | Center [Flaw Start| Flaw End k=10 Flaw Depth
—é Start Location Length | Angle [Fosition| Position | Position Depth Depth Variance
= (deg.) Flaw # (deg.]) (in.) (deg.) (deg.] (deg.) (deg.) fin. {in.) {in.}
B01-1 IliA, 3 3256 05| B0OL 3256 3256 3256 0.374 0.460 0.056
S0 3-2 12 0.5 sO0OL 102 102 102 0.374 0.332 -0.042
T 180 3-3 12 0.5 sOL 192 192 192 0.574 0.322 -0.052
270 3-4 24 8 05| BOL 294 8 284 8 2594 5 0.374 0.472 0.095
© 2007 Electric Power Research Institute, Inc. All rights reserved. 12 EI:EI




Comparison Data

= Chan 1 - Tops - 70L IN-D1-01PW71 : |;||g:_® - Chan 2 - Tops - 70L OUT-D2-01PW72: 601-1 Elaw 2
Fal

Z=0.218, A= 50%, Y=26.399 Z=0.218, A= 83%, Y=26.326

L r . 1 . o
_— '.'1' s g X = ] r: 11 v
sikidLog | S £ PRI INLAY BLOCK
EPRI INLAY BLOCK SNy .
« IND# 2-04
IND# 2-Q4 LENGTH = 2.75"
““LENGTH = 2,75" el

xb 310,70° yb 27.74 b-0.09 Amp2.0 Sweep 300 Ascan94  MPL 26 xb310,90° yb 26,56 zb-0.09 Amp6.3  Sweep 294 Ascan7Z  MPL 24

e e e . e e e

- Chan 1 - Tops - T0L IN-D1-01PW71 : MG i Inlay Block
N P Q4 Flaw 2
Z=0.218, A= 50%, Y=26.399 7=0.218, A= 89%, Y=26.326

DETECTION 70°

DETECTION 70° “%7.  JEPRIINLAY BLOCK

EPRI INLAY BLOCK
IND# 2-Q4
~ LENGTH = 2.75"

W IND# 2-Q4
LENGTH = 2.75"

x0310,70° vb 27.74 zb-0.09 Amp2.0 Sweep300 Ascan94  MPL 26 xb310,90° vb 2656 zb-0.09 Amp6.3 Sweep294 Ascan7Z M
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General Observations

« Small increase in noise level noted

— Increased as inlay material thickness increased

— More evident in circumferential scanning direction
* No effect on detection and sizing of flaws
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Future Work

* At least one utility is evaluating the use of an onlay
technique for small diameter ~12.0” Core Flood nozzles

— B&W design only

« EPRI is working with utility in the design and fabrication of
a mock-up to evaluate the effect of the onlay on the
previously qualified inside surface techniques (Similar to
the inlay work described in this presentation)
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Conclusions

» Based on this evaluation the following conclusions can be reached;

— The application of weld inlays utilizing the processes described
have a minimal effect on qualified inside surface examination
procedures capability to detect and accurately size flaws

* No changes to equipment
* No changes to techniques
* No change to analysis processes

— No additional qualifications are required to address examination of
dissimilar metal welds inlaid using this process

— Appendix VIII, Supplement 10 can be revised to include inlays in
its scope for inside surface examinations

— Additional work underway to evaluate onlay configurations
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