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Quick History: Farley Breaker 
Replacement

• Farley purchased replacement breakers for 
aging Allis-Chalmers breakers from Areva

• Breakers manufactured in Cabo Rojo, Puerto 
Rico, by Eaton Cutler-Hammer (ECH) as 
commercial grade

• Breakers shipped to South Carolina for final 
assembly by ECH

• Areva dedicated the breakers at ECH facility 
(Method 1 – Special Tests and Inspections)

• Areva had access to ECH’s proprietary 
design documents which simplified dedication
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Farley Breaker Replacement 
(Cont’d)
• 4.16KV vacuum circuit breakers.  

Type MA-VR350 used in Safety-
Related systems

• Vacuum replacements for obsolete 
air-magnetic technology

• Designed as a direct replacement for 
Allis-Chalmers breakers

• Designed so that no modification 
required to original Allis-Chalmers 
cubicle



5

Farley Breaker Failures
• February 2007: Switch contacts did not operate properly, leading

to incorrect indications (SW)
– Caused by incorrect Mechanism Operated Cell (MOC) switch alignment

• April 2007: Switch contacts did not operate properly, leading to
incorrect indications (EDG)

– Caused by incorrect MOC switch alignment

• September  2007: Breaker failed to close (CCW)
– Manipulation of foot pedal placed breaker in trip-free condition

• October  2007: Breaker failed to close (RHR)
– Mis-aligned latch check switch arm precluded a micro switch from making up.

• October 2007: Breaker failed to close during testing (Station 
Service Transformer)

– Anti-pump relay found out of socket
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Farley Breaker Failures

• Many fit up and quality issues 
identified

• Minimal Vendor-Licensee 
Engineering interface 

• Farley had “unofficial” assurance 
that the breakers would fit

• Purchase requirement to test-fit 
first breaker removed from POs.
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Farley Breaker Failures: NRC 
Response

• Farley experienced multiple breaker failures in 
Safety-Related systems in 2007

NRC conducted 95001 Augmented Inspection (AIT)
NRC conducted vendor inspection of Areva at Eaton 
Cutler-Hammer (ECH) facility

• Farley experienced more failures in 2007 
resulting in a Degraded Cornerstone

NRC conducted 95002 Supplemental inspection 
(Additional NRC Oversight)
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Farley Breaker Failures: NRC 
Response (Cont’d)

Vendor Inspection of Areva determined that vendor’s 
process was adequate with the exception of the 
following:
1. Two examples of functional testing protocol deficiencies
2. Use of ECH individuals not appropriately trained and 

indoctrinated
3. Identified Areva’s lack of M&TE control at the ECH facility
4. Two examples where Areva failed to adequately document the 

basis for acceptability  of critical design differences between 
the original and replacement items

5. Procedural deficiency that introduces the possibility of 
circumventing the reporting requirements set forth in Part 21
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Farley Breaker Failures: Fit up Issues

1

1

2 3

32
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Farley Breaker Failures: Fit up Issues (Cont’d)

• Improper manipulation of foot pedal rendered 
breaker inoperable
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Farley Breaker Failures: Fit up Issues 
(Cont’d)
• Mechanism Operated Cell (MOC) 

Switch Alignment
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Farley Breaker Failures: Fit up Issues 
(Cont’d)
• MOC switch damage during racking
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Farley Breaker Failures: Quality Issues

• Latch Check Switch improperly bent

Proper Lever Angle

Incorrect Lever Angle
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Farley Breaker Failures: Quality Issues 
(Cont’d)
• Anti-pump relay found out of socket

Relay

Tie-Wrap

Relay 
Socket

Spring Clip
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Farley Breaker Failures: Quality Issues 
(Cont’d)
• “C” Ring on Main Link Roller: Led to Part 

21 Notification
“C” Ring out of groove
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Farley Breaker Lessons Learned

• Farley performed extensive Root-Cause 
Analyses for 95002 inspection

• Farley determined that many factors led to 
breaker failures including:
– Deficiencies in design
– Inadequate Vendor Oversight
– Failure to apply Operating Experience
– Shortfalls in knowledge and training
– Procedural deficiencies for receipt, installation, testing, 

and maintenance
– Inadequate Corrective Actions
– Management Philosophy
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Farley Breaker Lessons Learned 
(Cont’d)
• Initial dedication was inadequate

– Critical Characteristics were not extensive 
enough to ensure proper Fit up or catch 
Quality issues

– Inadequate Engineering involvement from 
Farley

– Failures resulted in Design Changes

• Failures could have been avoided with 
more rigorous checks during 
Procurement and Receipt Inspection
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Questions or Comments?

References can be found on the NRC website:

W W W . N R C . G O V

Victor Hall
Victor.Hall@nrc.gov



<<
  /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


