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DESIREE-FIRE

• Experimental testing program to evaluate direct current 
(dc) circuit response to fire exposure.

• Cooperative research project with EPRI
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• Sandia National Laboratories is conducting the testing



Need for Testing

• Lack of data and uncertainties extrapolating alternating 
current (ac) results to dc circuits

• Numerous safety related systems commonly powered 

3

with dc

• Duke testing in 2006 indicated that dc circuits may react 
differently than ac circuits to fire-induced failures



Public Comment / Peer Review

• Project plan developed in September 2008

• 30 day public comment period

• Extensive peer review comment period 
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(2 months)

• Most of the review related to dc electrical circuit instrumentation and 
representation of actual NPP applications



Testing Schedule

• Small-Scale

– July to September 2009

• Intermediate-Scale

Penlight Shroud

Cable Tray & Test Cables

A

A

A-A
0.81 m (2'-8") 0.51 m (1'-8 1/4")
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• Intermediate-Scale

– September to November 2009

• Draft Report

– Early 2010

Cable Tray Supports



Benefits of working with EPRI

• 125Vdc Battery Bank from TSC

• Vintage (1970’s) Kerite FR & HTK (FAQ 53)

• 200+ feet of armored cable

15kV i it b k
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• 15kV circuit breaker

• Large coil (similar to PORV)

• 1” coil assembly (similar to head vent valve)



Test Configuration

Realistic Setup

• Large station battery

7

Large station battery

• Realistic cable lengths and sizes

• Typical “DC rated” protective devices

• Representative sample of equipment



Test Configuration
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Test Configuration
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Test Configuration
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Test Configuration
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Approach

Similar to CAROLFIRE

• Small-scale radiant exposure

• Intermediate-scale live fire tests
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Numerous dc circuits evaluated

• DC motor starter (MOV)

• Small pilot DC SOV (ASCO red-hat)

• 15 kV circuit breaker (complete breaker assembly)

• 1” SOV

• Large coil (similar to PORV)

• Instrumentation loop



Approach & Scope

1” & 
Large 
Coil
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Voltage  & 
Current 
Transducers



Test Circuit and Data Collection
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Test Circuit and Data Collection
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Key Test Objectives

Characterize DC

• Realistic circuits and configuration

• Inter-cable shorting
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• Interactions with ground plane

• Multiple proper-polarity, coincident  hot shorting

• Ground detection circuit

Follow up testing

• Role of CPTs

• Kerite cable characteristics

• Instrument circuits 



Objectives – Analysis of Data

What is Success?

• Adequate DC data and quality to support analysis

• Resolve CPT issue
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Resolve CPT issue

• Resolve Kerite cable issue

• Better answer for inter-cable hot shorts of thermoset 
cable

• Definitive position/likelihood for multiple, proper-polarity  



Preliminary Results

• Open Circuits
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Open Circuit

Copper Slag



Preliminary Results (2)

• Arcing & Cable Ignition

– Electrical failure appears to be more energetic than in 
AC testing
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– In most cases arcing appears to act as the pilot for 
cable ignition

– Electrical arcing also appears to cause adjacent 
cables to ignite in some tests



Preliminary Results (3)

• Fuse sizing

– Initial observations indicate that larger fuses (15-35A) 
take longer to clear then small 5-10A fuses
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– In some tests the 35A fuses did not clear, instead 
electrical arching caused an open circuit in cable 
conductors



15kV Circuit Breaker Test #29

Tefzel 7/c 

12AWG
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Breaker 
Actuation



Preliminary Results (4)

• Grounding

– DC battery bank is ungrounded

– In at least one test, a fuse cleared on one test circuit
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In at least one test, a fuse cleared on one test circuit 
with a subsequent spurious actuation

• This could be possible by having the cable tray act 
as a conduction path between the energized and 
de-energized cables.

• Analysis will be required to determine the root 
cause of this particular spurious actuation



Test Report

• NUREG/CR similar to CAROLFIRE report will contain 
test results, including all data files

• Report will not provide failure probabilities, but will 
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proved summary tables



Follow-on Work

• Expert Elicitation and Phenomena Identification and 
Ranking Table (PIRT)

• PIRT will rank the importance of various aspects related 

24

to fire-induced cable damage



Objectives – Analysis of Data

• Expert Elicitation will re-evaluate original spurious op probabilities 
(EPRI Report 1006961)

• Incorporate DC results
– Spend time to Re-evaluate DC motor starter (MOV)
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p ( )
– Small pilot DC SOV (ASCO red-hat)
– 15 kV circuit breaker (complete breaker assembly)
– 1” SOV
– Large coil (similar to PORV)
– Instrumentation loop



<<
  /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


