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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
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– Application of Plate Flaw Limits

– Application of Weld Flaw Limits 

– Evaluation Procedure if Limits Exceeded

• NDE Experience on ISI 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.

Wh t ld b it f NRR Di t ’ l if fl li it
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– 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 ISI results.

• Memorandum, Development of Flaw Size 
Di t ib ti T bl f 10CFR50 61 l t d
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Distribution Tables for 10CFR50.61a, completed  
by NRC in April 2007 ( ADAMS ML070950392).

• Tables 2 and 3 on ISI 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

5



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

ISI Flaw Limits in 10CFR50.61a
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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 

l l t th 1000 fl di t ib ti i t t FAVOR
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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 ISI 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.
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• 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
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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 
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p g
removed from the effects of any welding.

• Weld ISI volume, including ½ 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.
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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*
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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 
ISI flaws to corresponding max. limits from Table 2.
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• Developed worksheet procedure* for ISI Flaw Factor and:
TWCF95-TOTAL = ISI Flaw Factor * TWCF95-AW  +  TWCF95-PL + TWCF95-CW  
 
With:   TWCF95-TOTAL < 1x10-6/year. 
 
Where: TWCF95-AW is calculated for RTMAX-AW, 

  TWCF95-PL is calculated for RTMAX-PL and 

  TWCF95-CW is calculated or set equal to 1x10-8/year 

per equations 3-5 and 3-6 in Section 3.3 of NUREG-1874. 
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Addition Information on Proposed
ISI 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 

S f *
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should not be counted as multiple ISI 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

13

• 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 
l th b d h t d th b d h
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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
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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 

f A di VIII
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of Appendix VIII
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Default Sizing

• Appendix VIII near surface examinations rely on tip 
diffraction for depth sizing

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

f f ”
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– Default size of 0.125” is used whenever only one tip is 
resolved

• Accuracy requirement for Appendix VIII is +/-0.15”, 
which is greater than the bin increments
– Measurement precision can be met, but accuracy does 

not change



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

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
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• Eddy current testing has been shown to be 
effective for dissimilar metal welds
– Index step may need to be reduced or array probes used
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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 

lt ?
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results?
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Summary and Conclusions

• Proposed treatment of APTSR ISI 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
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– 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
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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



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

Weld Flaw Bins and Populations for FAVOR 
Analyses of Palisades (Table 1 NRC Memo)
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Palisades Embedded Axial Weld Flaw 
Density Worksheet for 70,000 Simulations 
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Palisades Mean Weld Flaw VFLAW Output
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Palisades Max. Weld Flaw VFLAW Output
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Westinghouse Proposed Axial Flaw 
Evaluation Worksheet for the APTSR
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Flaw Proximity in NUREG/CR-6817, Rev. 1, 
Section 6.1 (p. 6.4) on Weld Approach

26



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

Palisades FAVPOST Output for 60 EFPY
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