Attachment

NRC Comments on EPRI Technical Report 1022993
Evaluation of Peak Heat Release Rates in Electrical Cabinet Fires
Re-analysis of Table G-1 of NUREG/CR-6850 and Table G-1 of EPRI 1011989, February 2012

1. The report has calculated a severity partitioning factor (low intensity versus greater than
low intensity) from the fire test data that is then applied in the analysis of HRR potential
for those fires to be postulated in fire probabilistic risk assessment (PRA). This
approach is fatally flawed because the fires postulated in fire PRA derive from a
completely separate and uncorrelated basis; namely, the fire frequency analysis and the
screening of events in the fire event database. These two items, the tests and the
events retained in the fire frequency analysis, are completely disconnected and the
partitioning factors calculated from the tests are without merit in the PRA fire scenario
context.

2. The fire tests are not a statistical representation of either in-plant cabinets or, more
specifically, actual fire ignition events in actual cabinets. It is wrong to correlate the tests
directly to what will happen given an ignition event in any particular nuclear power plant.

3. ltis not possible to correlate fires that did not spread during the various tests to what will
happen given the fires that make up the fire frequency set. In particular, the fire
frequency set has already screened out those reported “fires” that had no potential for
fire spread or for a self-sustained fire. In contrast, the tests include many cases where,
for whatever reason, the fire was not self-sustaining and self-extinguished with little or no
fire spread. One simply cannot draw a direct correlation between these two completely
separate observations.

4. In Chapter 4 of the report, it is assumed that the peak HRR of an open cabinet fire is
linearly proportional to the total energy released in the experiment (Fig. 4-3). However,
this relationship is, in general, not true. Cable experiments conducted as part of the
CHRISTIFIRE test program (NUREG/CR-7010, Volume 1, “Cable Heat Release,
Ignition, and Spread in Tray Installations During Fire”) demonstrated that the peak HRR
of a multiple tray cable fire could be doubled simply by spreading the equivalent mass of
cable over a wider tray. The conclusion regarding the peak HRR of an open cabinet fire
is based on approximately 16 experiments, of which only 7 produced peak HRRs
exceeding 100 kW. The total energy released was roughly half of the theoretical value,
but with an appreciable scatter ranging from about 0.1 to 0.8 (Fig. 4-2). From this
information, a statistical model is applied to produce a probability distribution for the
peak HRR. This model is fairly crude and its results (Figs. 4-6 and 4-7) are not
substantiated by fire science and physics, or the relatively small sample size and large
scatter in the measurements.

5. The concept of “combustion efficiency” is not well developed in the report. On page 4-4,
it is stated that “the combustion in the cabinet will rarely, if ever, lead to the release of all
the theoretical energy content of the combustible. This is because the actual oxidation
reaction is not complete, as typically evidenced by the formation of soot byproducts
during the fire.” However, the authors use an effective heat of combustion of 31 MJ/kg
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(NUREG/CR-4527), which already accounts for less than ideal combustion. The so-
called “combustion efficiency” of the cables has more to do with the fact that electrical
cables typically have residue yields of between 0 and 50% (NUREG/CR-7010, Volume
1); that is, there is a considerable amount of char and ash left over after a cable fire. In
addition, it is almost certainly true that the fire does not spread to all of the cables within
the cabinet in a typical experiment. Thus, in any given cable fire experiment, it is not
unusual to consume about 50% of the combustible mass, but this should not be
characterized as an inefficiency due to less than ideal combustion conditions.
Regardless of what it’s called, it just adds to the overall uncertainty of the analysis and
lessens the need for a sophisticated statistical treatment of the data.

6. Potentially oxygen-limited or ventilated-limited electrical cabinet fires that have occurred
at nuclear power plants might not have been reflected in the fire test data.

7. In Chapter 5 of the report, the methodology to predict the peak HRR of an electrical
cabinet with limited ventilation is unnecessarily complicated and of questionable validity.
The basic idea is that the HRR of the fire is limited by the ventilation rate. A widely
accepted concept in fire science states that the natural ventilation rate into an under-
ventilated compartment is proportional to the opening area multiplied by the square root

of the opening height, the so-called Avh rule. The proportionality constant is typically
taken to be 0.5 kg/s/m?°, even though the value has been calculated to be anywhere
between 0.4 and 0.61 kg/s/m*° (Walton and Thomas, 4" Edition of Society of Fire
Protection Engineers (SFPE) Handbook of Fire Protection Engineering). Given the wide
variety of applications, a more precise derivation of this proportionality factor is
unwarranted. However, there is a considerable amount of effort in the cabinet fire
analysis to refine this simple correlation well beyond its limits. Equation 5-1 involves a
number of parameters that the authors roughly approximate, like the pressure drop
coefficients, and a number of parameters that the authors spend a considerable amount
of effort to quantify, like the inlet areas and gas temperature inside the cabinet. It is this
inconsistent treatment of the general theory that casts doubt on everything to follow.
Had the authors simply applied a simple Avh rule and simple guidance on how to
determine A and h, the resulting methodology would have been credible and practical.
As it is now, it is too complicated, and in some instances unsubstantiated.

8. In Chapter 5 of the report, an important assumption in the ventilation-limited cabinet fire
analysis is that the combustion does not take place outside of the cabinet. This is not a
particularly good assumption because a fully-involved cabinet fire is capable of
producing fuel gases at a rate that exceeds the air supply. In that case, these excess
fuel gases will vent out of the cabinet and potentially burn. On page 5-9, the authors cite
experiments at IRSN where significant flaming outside of the compartment occurred.
However, the authors claim that this would not occur if the plastic cable material were
Polyethylene (PE) or Polyvinylchloride (PVC) instead of Polymethylmethacrylate
(PMMA) because of their “comparatively lower combustion efficiency, 0.88 and 0.35.”
They cite the 3™ Edition of the SFPE Handbook for these values. However, a reference
for these values was not found in Table 3-4.14. Furthermore, as discussed in a prior
comment, the term “combustion efficiency” is being used inappropriately throughout the
report. The fact that in some of the experiments the cable is not completely consumed
does not constitute a “combustion inefficiency” in the sense that is understood by the fire
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science community. Finally, even if the authors’ claim is taken at face value; there is no
reason why a fire involving PMMA with a “combustion efficiency” of 0.96 would
significantly differ from one involving PE with a “combustion efficiency” of 0.88. The
apparatus used at Factory Mutual Research to make the measurements listed in Table
3-4.14 of the SFPE Handbook uses only a few grams of sample, has considerable
uncertainty, and its results do not necessarily scale to that of a cabinet.




<<
  /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


