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Treatment of ISI Flaw Limits

* Purpose and Background
* Experience on Flaw Distributions and Limits

* Westinghouse Proposals for APTSR-RG

— Application of Plate Flaw Limits
— Application of Weld Flaw Limits
— Evaluation Procedure if Limits Exceeded

* NDE Experience on IS| of RPV Welds
* Summary and Conclusions
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Purpose

* Propose treatment of Alternate PTS Rule (APTSR) flaw
limits in New Regulatory Guide based upon Westinghouse
PFM and NDE experience.

— Limits will also be applied to ISI Interval Extension and Risk-
Informed Appendix G since both used FAVOR Code.

— What we would submit for NRR Director’s approval if flaw limits were
ever exceeded.

— Will also be documented in more detail in a White Paper for the
EPRI Materials Reliability Program (MRP).

* Goal is to avoid any un-necessary burden on utilities and
regulators implementing these risk-informed applications,

— No FAVOR PTS runs with plant-specific flaw distributions.
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Background Information

* Reviewers of Risk-Informed PTS Rule asked that
applicability of flaw distribution data used by
FAVOR be shown by plant qualified |SI results.

* Memorandum, Development of Flaw Size
Distribution Tables for T0CFR50.61a, completed
by NRC in April 2007 ( ADAMS ML070950392).

* Tables 2 and 3 on ISl Flaw Limits for Welds and
Plates, respectively, incorporated into the Alternate

PTS Rule (APTSR) 10CFR 50.61a.
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Comparison of Weld Limits with Shoreham

Nominal Bin Size  Number of Flaws Shoreham Flaws Ratio
= Bin

0.05 No Limnit 228.63 N/A
0.10 166.7 46.66 3.6
0.15 90.8 11.91 7.6
0.20 22.82 5.38 4.3
0.25 8.66 2.67 3.2
0.30 4.01 1.55 2.6
0.35 3.01 0.906 3.3
0.40 1.49 0.541 2.8
0.45 1.00 0.328 3.0
> 0.45 0.00 0.196 N/A

B A -‘* _
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ISI Flaw Limits in 10CFR50.61a

Table 2 - Allowable Number of Flaws in Welds

Through-Wall Extent, TWE [in.] h-'laximum num!::er of fl_aws per 1000-inches of weld
length in the inspection volume that are greater
than or equal to TWEmn and less than TWEwmax

TWEpm TWEmax

0 0.075 No Limit
0.075 0475 166.70
0.125 0475 90.80
0175 0475 2282
0225 0475 8.66
0275 0475 4.01
0.325 0475 3.01
0.375 0475 1.49
0.425 0475 1.00
0475 Infinite 0.00
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Westinghouse Experience on Flaw
Distributions and Limits

* Participated in various NRC-MRP workshops and meetings

on development of flaw distribution models for FAVOR.

* Performed V&V of VFLAW models and software that
calculate the 1000 flaw distributions input to FAVOR.

* Applied flaw limits to >20 plants for ISI interval Extension

with no weld flaw concerns, a few plate flaw size issues.

* Performed the qualified I1S| for a number of these plants.
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Concerns with NRC Technical
Bases for APTSR Flaw Limits

 The FAVOR flaw distribution output that was used (Palisades for
welds*, Beaver Valley for plates) is only the average of the 1000 flaw
distributions generated by VFLAW for input to FAVOR:

— For each 1000 vessel simulations, approximately 50% are above average.

* Conversion of flaw size (TWE) bin width from 1% of wall in FAVOR to
0.05” did not consider that FAVOR uses largest flaw size in each bin.

* Based upon total number of flaws with no distinction between axial
flaws that contribute to TWCF and circ. flaws that do not.

* Limits neglect FAVOR simulation of larger weld flaws well above (4
times) the truncation limit for one flaw per vessel.

* One FAVOR run for a plant-specific flaw exceeding the plate size limit
gave a TWCF orders of magnitude below the risk limit of 1.0E-06/year.

* Backup slide available

@Wesnngnuuse
8



Westinghouse Non-Proprietary Class 3 © 2011 Westinghouse Electric Company LLC. All Rights Reserved.

Proposed Application of Plate Flaw Limits

* For ISI Interval Extension, very conservative definition of plate used
(next to weld in ISI Volume) and some plants violated size limit but
FAVOR showed no effect on TWCF.

* Technical basis for plate flaw model was weld flaw model with reduction
factors for density and size truncation limit.

* Reduced size truncation limit was based on plate material being far
removed from the effects of any welding.

* Weld ISI volume, including 72 t of adjacent base metal (plates and
forgings), was specified by ASME Section XI because of the concern for
welding effects on adjacent base-metal flaws.

* Therefore, plate flaw limits should only be used and evaluated if and
when RPV base metal far removed from welds is examined by ISI.

@Wesnngnuuse
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Proposed Application of Weld Flaw Limits

* An evaluation® of weld flaw density for 70,000 Palisades RPV
simulations by FAVOR 06.1 relative to the mean and

maximum weld distributions of the 1000 generated by VFLAW

indicated the following:

— The output average weld flaw distribution from FAVOR is within 0.5%
of the mean distribution from VFLAW?*,

— For the size range of the APTR limits, the maximum VFLAW
distribution™ (99.9%) has twice (2.08) as many flaws as the mean.

— For the 70,000 RPV simulations, 45% of the weld flaws are axial.

— The net effect is 93% of the average density for all weld flaws would
apply to the maximum density for axial flaws only.

 Therefore, the APTSR weld flaw limits should be used for the
axial flaws of concern in any one vessel.
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Proposed Evaluation Procedure if Weld
Flaw Limits are Exceeded

* Contribution of flaw sizes to failure from FAVPOST output.

* Assumes probability and frequency of failure is directly
proportional to number of axial flaws in the RPV beltline.

Contribution to TWCF by size (TWE) is increased by ratio of
IS| flaws to corresponding max. limits from Table 2.

* Developed worksheet procedure® for ISI Flaw Factor and:
TWCF95_TOTA|_ = |S| Flaw Factor * TWCF95_AW + TWCF95_|:>|_ + TWCF95_CW

With: TWCFgs.rotaL < 1x10®/year.

Where: TWCFgs.aw is calculated for RTyax-aw,
TWCFgs.p, is calculated for RTyax.p. and
TWCFgs.cw is calculated or set equal to 1x10'8/year
per equations 3-5 and 3-6 in Section 3.3 of NUREG-1874.

@Wesnngnuuse
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Addition Information on Proposed
IS| Weld Flaw Evaluation Procedure

* Worksheet procedure® conservatively treats the following:
— Difference in FAVOR flaw size bin widths and those in the APTRS max. limits,
— Contribution of any ISI flaws that exceed the APTSR weld size limit of 0.475”,

 Per NUREG/CR-6817, multiple flaws that are combined into one flaw per
the ASME Code proximity rules are included in the VFLAW models and
should not be counted as multiple 1SI flaws™*.

* The percent TWCF distribution by flaw size (TWE) is obtained from the
FAVPOST output for Palisades:

— Table 2 in NRC Technical Basis Memo of April 2007,
— 70, 000 simulations at 60 EFPY from ISI Interval Extension® or

— ORNL FAVOR 06.1 run at 60 EFPY for NUREG-1874 results.
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NDE Issues Concerning APTSR

* Proximity Rule for clustering flaws
* Scan Index

* Default depth sizing

* Surface Examination

* Inspection area
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Proximity Rule

* If proximity rules are intended to be used, is the
proximity rule intended to be used prior to PTS flaw
“binning™?

* The proximity rule has changed from an indication
length based approach to a depth based approach
(IWA-3500)

* Re-analysis of prior data could lead to significant
changes in the number of individual indications

* One “long” indication could become several short
indications

@Wesnngnuuse
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Scan Index

* The Appendix VIII qualified procedure uses a
coarse scan index (12 mm) for detection and sizing

* This index is most likely > proximity rule ligaments,
but satisfies the length sizing accuracy requirement
of Appendix VIII



Westinghouse Non-Proprietary Class 3 © 2011 Westinghouse Electric Company LLC. All Rights Reserved.

Default Sizing

* Appendix VIl near surface examinations rely on tip
diffraction for depth sizing

* Theoretical limit for resolution to separate tip
signals is approximately 2 wavelengths

— Default size of 0.125" is used whenever only one tip is
resolved

* Accuracy requirement for Appendix VIl is +/-0.157,
which is greater than the bin increments

— Measurement precision can be met, but accuracy does
not change

@Wesnngnuuse
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Surface Examinations

* Visual examinations could be used to find rust if
cladding is breached (Yankee Rowe experience)

* Surface riding transducers probably would scrape
off any rust prior to any confirmatory VT

* Eddy current testing has been shown to be
effective for dissimilar metal welds

— Index step may need to be reduced or array probes used

@Wesnngnuuse
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Inspection Area

* As stated previously, plate flaw limits are more
restrictive than weld flaw limits

* If plate limits must be used, is it acceptable to
increase scan area to dilute the flaw density
results?
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Summary and Conclusions

* Proposed treatment of APTSR S| flaw limits in the new
Regulatory Guide that is consistent with and supported by
how the risk-informed technical basis was developed:

— Application of Plate Flaw Limits,
— Application of Weld Flaw Limits and
— Evaluation Procedure if Weld Flaw Limits Exceeded.

* Use of the proposed treatment should avoid any un-
necessary burden on utilities and regulators in
implementing and reviewing FAVOR based risk-informed
applications, such as requiring any additional FAVOR PTS
analyses with plant-specific flaw distributions.
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Backup Slides

* Weld Flaw Bins and Populations for FAVOR Analyses of
Palisades (Table 1 NRC Memo)

* Palisades Embedded Axial Weld Flaw Density Worksheet
* Palisades Mean Weld Flaw VFLAW Output

* Palisades Max. Weld Flaw VFLAW Output

* Westinghouse Proposed Axial Flaw Evaluation Worksheet
* Flaw Proximity in NUREG/CR-6017, Rev. 1

* Palisades FAVPOST Output for 60 EFPY
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Weld Flaw Bins and Populations for FAVOR
Analyses of Palisades (Table 1 NRC Memo

Flaw through-wall Mean number of Adjusted to 1000" Cumulative

dimension (inches) Category 2 flaws of weld length >/= size
0.088 549.86 546.78 665.62
0.175 108.58 107.94 119.04
0.263 7.86 7.81 11.10
0.350 1.959 1.947 3.29
0.438 0.745 0.741 1.342
0.525 0.295 0.282 0.601
0.613 0.138 0.1370 0.309
0.700 0.0679 0.0675 0.1719
0.787 0.0394 0.0392 0.1044
0.875 0.0230 0.0229 0.0652
0.963 0.0135 0.01346 0.0423
1.050 0.00886 0.00880 0.0289
1.137 0.00509 0.00506 0.0201
1.225 0.00514 0.00511 0.0150
1.313 0.00257 0.00256 0.00988
1.400 0.00200 0.001988 0.00733
1.488 0.00206 0.002045 0.00534
1575 0.000629 0.000625 0.00330
1.663 0.000743 0.000738 0.00267
1.750 0.000851 0.000852 0.001931
1.873 0.000914 0.000909 0.001079
1925 0.000171 0.000170 0.000170
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Palisades Embedded Axial Weld Flaw
Density Worksheet for 70,000 Simulations

Palisades Embedded Axial Weld Flaw Density for FAVOR 06.1

FAVOR 70,00 Cat.  Awvg. No. Cat  Mean VFLAW Mean VFLAW Rafio VFLAW  Ma VFLAW  Max. VFLAW  VFLAW Max. Mean Ax. Flaws
TWE (in} 2 Flaws 2 perVessel No./Sg. Foot Mo, Cat 2. o FAVOR Mo/ Sg. Foot Mo. Cat 2. to Mean Rafio  in48 * 1S] Vol.

0.088 38455866 549512  3.6072E+MN 540.860 1.00063  4.1899E+01 638.683 1.16154 10020
0.175 TE9709M 108530  71206E+00 108.542 1.00011  1.4356E+01 218.834 2.01612 1578
0.263 881377 Ta7T7 5.1658E-1 T7.874 0.99970  1.598TE+00 24370 3.09478 144
0.350 137096 1959 1.2883E-01 1.964 1.00270  1.9965E-01 3043 1.54972 36
0.438 51204 0733 4 7TET1ED2 0.730 099583  B.7474E-02 1.333 1.82729 13
0.525 20600 0294 1.9388E-02 0.296 1.00426  4.1486E-02 0.632 213978 5
0.613 0256 0132 8.7075E-03 0133 1.00381  2.1384E-02 0.326 2.45581 2
0.700 4674 0.0&7 4 3642603 0.067 0.99621 1.1766E-02 0179 2.69603 1

Subtotal = 8336858 119.098 119.110 1.00010 247581 2.07859

Total = 46837254 669104 669.465 1.00054 887.402 1.32554

All Total = 46844656 669200

Motes: 1) Subtotal is for TWE from 0.175" to 0.438", Total is from 0.088" to 0.7", All Total is from 0.088" fo 1.925".
2)Max. TWE of 0.7 " = 17 mm and gives average of 1 axial weld flaw for 151 of all 48 U.5. PWR Plants.

‘Weld TOK Region Yesse| 151 Violume IS] Volume

Type Weld Flaws Length (in.) Length {in.) Axial Flaws

Axial 1 8260605 60.71 48.71 6627805

Axial 2 8267896 60.71 48.71 6633655

Axial 3 8264826 60.71 48.71 6631272

Axial 4 12788082 93.98 81.98 11156086

Axial 5 12792865 93.958 81.98 11158473

Axial 6 12788065 93.98 81.98 11155189

Circum. 77393593 613.93 533634581 Total Axial
Total 140557137 1006.00 0.37966 151 Axial Ratio
All Axial 63163539

Axial Rafio 0.44938 * ST Max/Mean 2.07859 is Net Effect of 0.934075

P 1 8 TRV S S
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Palisades Mean Weld Flaw VFLAW Output

MEAN CF EACH ELEMENT FOR 1000 SIMULATIONZ

L FLAW3/ET**2  1.0-1.23 1.25-l.% 1.5-2.1 2.0-3.1 3.0-4.0 4.0-3.0 3.0-6.0 6.0-8.0  6.0-10.0 10.0-15.0 2151
1 .36072E+02 2.11% 2.073 4.014 1.525 £.501 £.32% 3.803 10.211 B.585 16.016 an.412
Z LTL20EE+01 6.204 3.514 10. 536 17.431 13.470 10.417 3.062 11.085 6.670 7.285 2.5%
d .SLESAE-00 12.520 10.BcE 17.662 23.617 13.53d §.237 1.974 1,944 1540 L.215 .14
4 .1ZBBIE+00 18.733 15. 050 22.028 24.028 10.661 §.874 2.2%4 1. 665 432 176 016
5 J4TR71E-D1 23.172 17.556 23660 22212 B.0T0 3.083 1.23% 182 158 033 004
£ .183BRE-D1 27.174 15,505 24.277 15.874 £.023 1.%78 L6857 370 .DEd 018 .l
7 .BT075E-D2 30.800 20.542 24.253 17.52% 4,530 1.301 412 (185 030 .00B .00
§ .43642E-02 34.132 22.031 23 B30 15.345 3.41% im 244 106 014 002 .00
¥ .241B2E-02 37.271 22.BE6 23.141 13.347 2,560 .5E6 152 058 Mg .00l .00
13 .1451€E-02 40,274 3,468 22,262 11.33 1.540 .354 053 032 003 .oop 0]
1 .B2435E-03 43.154 3. BiGE 21.248 5.51 1.454 .264 087 018 0oz .ooo .00g
12 .STT78E-03 43.588 A2l 20.237 B. 1.118 .1E2 033 010 0oL .ooo .00g
JE 4027303 48.336 247 112 1.

827 20 21 005 000 .ooo .00g
.£13 .0ED 0
456 .054
.340 037
il 255 023
.18% .182 17

14 .2B335E-03 50.837
15 .20114E-03 53.358
16 .14401E-03 53.724
17 .1035€E-03 57.536
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Palisades Max. Weld Flaw VFLAW Output

FAIWeLldfl.tut
LARGEST OF EACH ELEMENT FOR 1000 SIMULATIONZ

FLAW3/FT#*2  L.0-1.23 1.25-1.5 L.5-2.1 2.0-1.1 3.0-4.1 4. -0 6.0-8.0  8.0-10.0 10.0-15.0 =13.10
.41898E+02 2.784 2.721 13 5,381 §.551 1.632 6.812 11.508 16T 16.113 43.512
14356E+02 3.130 7.434 5 20.48% 14,363 10. 541 3. 188 12.284 .f44 12031 B.625
.158E7E+01 20.477 164 1 3.
.18865E+00 20.387 Rilij: '
.B74T4E-D1 26.214
.414BEE-D1 40.183
.2L3B4E-D1 43.3534

JBaz 24.572 14.760 1.
B35 24,580 14,552
870 24,512 13,563
977 24.78% 12,361
78 24,577 11.183
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Westinghouse Proposed Axial Flaw
Evaluation Worksheet for the APTSR

Westinghouse Proposed Axial Flaw Evaluation Procedure for the Alternate PTS Rule

Axial Weld 151 Flaw Evaluation for Weld Length (WL, inch) of: 1006 For: Example Plant at 60 Years

Min. TWE Max. TWE 1000" WL Actual WL Mo. 151 Percent  Percent  Typeof  RT-max RT-max ISl Flaw Alpha 95%TWCF

linch] [inch} MaxNo. MaxNo. Ax Flaws of TWCF Increase Flaw [deg. F) deg. B Factor Factor per Year
0.076 0.125 75.90 7636 Ir 2091 0.18 AW 247 J0B.67 12644 2010 4.00&6E-07
0.126 0.175% 6798 68.39 69 20.91 0.19 PL 200 668.67 10000 2238 5.782E-10
0.176 0.225 1416 1424 15 10.25 0.54 cw 231 690.67 10000 2106 1511E-11
0.226 0.275 465 468 4 10.25 0.00 Total= 4.012E-07
0.276 0.325 1.00 1.01 1 9.61 0.00 Limit= 1.000E-06
0.326 0.375% 1.52 1.53 2 961 296 OK? Yes
0.376 0.425 0.49 049 1 9.27 954
0426 0475 1.00 1.01 1 10.34 0.00
0.476 0525 0.00 0.00 0 10.34 0.00
0.526 0.613 0.00 0.00 1 7.94 7.94
0.614 0.700 0.00 0.00 0 5.22 0.00
0.701 0.787 0.00 0.00 0 3.86 0.00
0.785 0.875 0.00 0.00 1 1.90 190
0.876 0.963 0.00 0.00 0 4.94 0.00
0.964 1.050 0.00 0.00 2 1.60 3.20
1.051 1137 0.00 0.00 0 2.78 0.00
1.138 1225 0.00 0.00 0 1.67 0.00
1.226 1925 0.00 0.00 0 8.03 0.00
Total = 26.44
oA T S e S -0 4
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Flaw Proximity in NUREG/CR-6817, Rev. 1,
Section 6.1 (p. 6.4) on Weld Approach

Flaw Proximity Considerations - The weld examinations by SAFT-UT gave special consideration to
indications that would give the appearance of one or more flaws that may in fact be one larger flaw.
Subsequent validation efforts focused on these regions for more accurate charactenzation of flaw
dimensions. ASME Code flaw proxinuty rules were then applied to the refined NDE results. The
dimensions of multiple flaws were tabulated as a single larger flaw if so dictated by application of the
code proxinuty rules. The database on flaws should therefore be considered as accounfing for random
occurrences of small flaws that are sufficiently close to each other to be properly treated as a single
larger flaw mn fracture mechaniecs calculations. The flaws as given by the mput files from generalized
flaw distribution procedure should be treated as single 1solated flaws. There should therefore be no
further steps in the fracture mechanics models to simmulate random locations of flaws n order to identify
occurrences of adjacent flaws that should be treated as a single larger flaw.

1 w;", = -:. Wi
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