
 

Cable Aging Management 
 

ISSUE STATEMENT 

Concerns exist that nuclear plant safety and reliability are being adversely impacted by premature electrical cable aging-
related failures resulting from exposure to localized adverse environments and service conditions.  As a result, plant owners 
and regulators are requiring the implementation of electrical cable aging management programs and processes.  
Improvements to cable aging management processes, condition monitoring techniques, acceptance criteria, and aging models 
are necessary to support resolution of cable aging concerns.  Without such improvements, cable aging management programs 
may have limited effectiveness. 
 

DRIVERS 

Safety:  A nuclear plant’s safety-related electrical cable infrastructure must be inherently reliable and maintained as such. 
Cable failures have challenged safety-related system readiness. 
 
Equipment Reliability:  Medium voltage off-site feed cable and safety-related motor feed cable failures have caused outages 
of 2 to 3 weeks in duration.  Medium voltage cable replacement is costly and generally difficult.  
 
Regulatory:  The U.S. Nuclear Regulatory Commission (NRC) is requiring that cable condition monitoring be put in place. 
Non-U.S. regulators are following the NRC lead regarding aging cable systems.  While some differences in cable materials 
and installation practices exist from country to country, deterioration of low and medium voltage cables is a concern to the 
world nuclear community. 
 
Limitations of Inspection Technology: The design of nuclear plant cables limits the types of tests that may be used.  While 
standardized, the tests provide limited information on long-term function of the cable and cannot estimate remaining life. 
Condition monitoring acceptance criteria is preliminary in nature and needs further improvement to assure failures are avoided 
and good cables are not replaced. 
 
Limitations of Applicable Standards:   IEEE, ICEA, and AEIC have established cable testing and manufacturing standards, 
but these standards provide little information on aging management programs. 
 

RESULTS IMPLEMENTATION 

This research effort will result in knowledge and methodologies to effectively implement cable aging management programs.  
Specifically, the following will be provided: 

 Aging management program implementation guidance for instrumentation and control cables.  Medium and low 
voltage cable aging management program guidance has previously been provided. 

 Recommended testing methodologies applicable to specific cable types and vintages 

 Advanced testing and predictive capabilities 

 Additional understanding of electrical cable failure modes allowing improved testing methodology and acceptance 
criteria to be developed 

 Useful research results/products aiding in the implementation of aging management programs.  This includes test 
applicability matrices, qualification of separable connectors, and ongoing EPRI technical support. 
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PROJECT PLAN 

Ease of Cable Aging Management Activities 

Building on the two aging management program implementation guides already published for medium voltage and low voltage 
cable, a third guide will be issued for instrumentation and control cable.  Implementation support will be provided under a 2011 
to 2012 project to resolve issues that arise. In addition, a matrix linking failure mechanisms to the applicable test by insulation 
type will be developed in 2011 to support cable condition monitoring and troubleshooting needs.   
 
Medium voltage separable connectors will be qualified for safety-related use during 2011 and 2012 to allow cables to be easily 
disconnected from their loads for testing. 
 
Advanced Test Practices and Aging Models 

Through a pilot project started in 2010, EPRI will produce age-accelerated medium voltage cable specimens.  These 
specimens will permit accelerated testing and forensics, accelerated development of aging models, and development of 
improved condition monitoring techniques. 
 
For cable types from plants in service in the 1970s, forensic evaluation of failed cables will continue for two years.  Results will 
provide insights into correspondence of condition monitoring to cable breakdown strength. 
 
In 2011 and 2012, medium voltage test results will be gathered and assessed to develop improved acceptance criteria.  
Failure data will also be formally gathered and assessed. 
 
To support the development of advanced testing practices/technologies, EPRI’s Nuclear Sector will coordinate activities and 
research with the Power Delivery and Utilization Sector. 
 
Submerged Medium Voltage Cable Qualification 

EPRI is initiating a submergence qualification project based on IEEE Std 323-1974 qualification methodology to provide a 
basis for allowing medium voltage cables to be submerged.  The qualification activities will be applied to modern cable types 
and those known to never have failed in submerged conditions.  Manufacturer and insulation specific qualifications will be 
performed; generic insulation type qualification is not possible. Because certain cable types, such as most black EPRs and 
butyl rubber, have experienced water related degradation at about 30 years, submergence qualification will not be attempted.  
 
Susceptibility of Low Voltage Cable to Wet Aging 

Little information is available on longevity of low-voltage cable under wet and submerged conditions.  In 2011, research will be 
performed that gathers existing information on submergence of low voltage cable degradation and its effects on longevity. 
 

RISKS 

It may not be possible to develop accelerated aging techniques for EPR insulations or an enhanced cable test methodology.   
 
 



Cable Aging Management – 3 – 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (TechPubs specs for PDFs)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


