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Objectives

• Objectives: To evaluate the effectiveness of IGSCC 
mitigation in BWR internals by MHWC, NMCA and 
OLNC and to provide the technical basis for inspection 
relief 
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• Evaluation of core shroud reinspection data
– Normal Water Chemistry (NWC) plants

– Hydrogen Water Chemistry (MHWC) plants

– Noble Metal Chemical Addition (NMCA) plants

– Online Noble Metal Chemical Addition (OLNC) plant



Approach

• Compiled UT inspection data for indications in core shroud 
circumferential welds 
– Nine Plants - NWC
– Four Plants - MHWC
– Four Plants - NMCA
– One Plant - OLNC 

• Determined Crack Growth Rates (CGRs) for length and depth 
direction of each indication between inspection periods
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direction of each indication between inspection periods
• Inspection intervals varied from 1 to 4 years for NWC and 2 to 10 

years for mitigated plants
• Indications showing negative or zero CGRs were treated as non-

growing cracks
• Developed cumulative frequency distributions for measured CGRs
• Compared measured CGRs with bounding CGRs for NWC and HWC 

used in BWRVIP-14-A
• Compared CGR distributions in NWC versus MHWC, NMCA and 

OLNC plants



HWC Availability for MHWC, NMCA and OLNC 
Plants 

Mitigation Plant Time-Weighted H2 
Availability %

M-HWC

A 79.8

B 89.8
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C 90.9

D 92.2

NMCA

E 92.9

F 97.9 / 99.1

G 95.6

H 97.2

OLNC I 97.9



Length CGR Distribution (+/- Data)
NWC vs. MHWC
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Crack Growth Rate



Length CGR Distribution (+/- Data)
NWC vs. NMCA
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Crack Growth Rate



Length CGR Distribution (+/- Data)
NWC vs. OLNC
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Crack Growth Rate



Length CGR Distribution (+/- Data)
NWC vs. MHWC/NMCA/OLNC for All Plants
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Crack Growth Rate



Depth CGR Distribution (+/- Data)
NWC vs. MHWC
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Crack Growth Rate



Depth CGR Distribution (+/- Data)
NWC vs. NMCA
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Crack Growth Rate



Depth CGR Distribution (+/- Data)
NWC vs. OLNC
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Crack Growth Rate



Depth CGR Distribution (+/- Data)
NWC vs. MHWC/NMCA/OLNC for All Plants
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Crack Growth Rate



Summary

• Data reflects a decrease in deepening 
CGR for MHWC/NMCA/OLNC when 
compared to NWC 
– BWRVIP-14-A approved deepening 

disposition rate bounds 96% of 
MHWC/NMCA/ OLNC deepening 
rates

– 55% showed no deepening

Deepening Disposition rate: 
1.1 x 10-5 in/hr (2.4 mm/y)
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• Data reflects a decrease in lengthening 
CGR for MHWC/NMCA/OLNC when 
compared to NWC 
– Approved lengthening rate bounds 

88% of MHWC/NMCA/OLNC 
lengthening rates

– 40% showed no lengthening

Lengthening Disposition rate: 

5 x 10-5 in/hr (11.1 mm/y)



Mitigation Effectiveness in MHWC/NMCA/OLNC Plants
- Conclusions

• Analysis of re-inspection data of core 
shrouds of  eight MHWC/NMCA/OLNC 
mitigated plants strongly supports the 
effectiveness of mitigation compared to 
the NWC plants

• Effects of the decreasing residual stress 
fields may also play a role in decreased 
deepening rates
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p g
• These results were published in a 

revision to BWRVIP-174 in 2009
• The study will be updated again in 2011 

with data from additional MHWC/NMCA/ 
OLNC plants

BWR reinspection data provide strong  evidence that NMCA, OLNC and 
MHWC are effective in mitigating IGSCC and support extended 

reinspection intervals



BWRVIP Strategy for Optimizing Inspection of 
Reactor Vessel Internals
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Background

• BWRVIP Inspection & Evaluation (I&E) Guidelines were developed 
using the available inspection data, operating experience and industry 
knowledge on degradation mechanisms at the time the reports were 
published

– Initial guidelines were largely based on safety considerations and 
did not consider the extent of degradation issues in the fleet or the 
potential benefit of mitigation (e g HWC)
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potential benefit of mitigation (e.g. HWC)

• Post-implementation of I&E Guidelines

– Large amount of inspection data has now been generated which 
provides insight on component degradation and mitigation 
effectiveness

– Widespread implementation of HWC / NMCA

– BWRVIP R&D efforts have improved industry knowledge on 
degradation mechanisms

– NDE improvements both in UT and VT



Objective

• BWRVIP intends to re-visit the I&E Guidelines and to 
optimize the inspection programs based on:

– Latest field inspection data and fleet operating 
experience

– SCC mitigation associated with HWC / NMCA
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– Current NDE capabilities

– Component repairs

– In-situ crack growth rate studies 

– Structural analyses



Priority of Components

# I&E Guideline Priority

1 Core Spray (BWRVIP-18R1)

High

2 Jet Pump (BWRVIP-41R2)

3 Shroud (BWRVIP-76)

4 Shroud Support (BWRVIP-38)

5 CRD Guide Tubes (BWRVIP47-A)

6 Vessel ID Brackets (BWRVIP 48 A)
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6 Vessel ID Brackets (BWRVIP-48-A)

Medium

7 Top Guide Rims / Pins (BWRVIP26-A)

8 SLC / Core DP Piping (BWRVIP-27-A)

9 LPCI Coupling (BWRVIP-42-A)

10 Access Hole Cover (BWRVIP-180)

11 Jet Pump Beam (BWRVIP-138 R1)

12 Top Guide Grid Beam (BWRVIP-183)

Low
13 Core Plate Bolts (BWRVIP-25)

14 Steam Dryer (BWRVIP-139-A)

15 Bottom Head Drain Piping (BWRVIP-205)



Summary

• I&E Guideline Inspection Optimization Roadmap 
completed

• Priority of components defined

• Component specific evaluations of high priority 
components to be conducted in 2010-2012
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• Briefings with NRC anticipated to review preliminary 
results and obtain feedback



Together…Shaping the Future of Electricity

20© 2010 Electric Power Research Institute, Inc. All rights reserved.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


