
ENCLOSURE 5 

RISK-INFORMED VERSUS DETERMINISTIC TREATMENT  
 
The regulation at Title 10 of the Code of Federal Regulations (10 CFR) 50.46(a)(1)(i) currently 
describes two types of deterministic evaluation models that can be used to demonstrate 
compliance with the emergency core cooling system (ECCS) design requirements, one of which 
is a bounding analysis and the other a best-estimate analysis.  Both the bounding and the   
best-estimate analysis calculate parameters that are compared to acceptance criteria (e.g., 
peak cladding temperature) and provide a high level of confidence that acceptance criteria will 
not be exceeded.  In the bounding analysis, evaluation models and correlations are justified on 
the basis of conservatism.  Best-estimate calculations are performed with realistic models and 
correlations with uncertainties explicitly addressed in the calculations.  The best-estimate 
analysis must additionally estimate the uncertainty in the calculated parameter and demonstrate 
that there is a high level of probability that the acceptance criteria would not be exceeded.  The 
U.S. Nuclear Regulatory Commission (NRC) staff has determined, in Regulatory Guide 1.157, 
“Best-Estimate Calculations of Emergency Core Cooling System Performance,” that a 
95-percent probability level is acceptable to the staff for comparison of best-estimate predictions 
to the applicable limits.  
 
The acceptance criterion for the design of the ECCS as it relates to sump performance is that 
sufficient net positive suction head (NPSH) is available at the inlet to the low-pressure injection 
pumps during operation in the recirculation mode.  A collection of methods or “technical 
elements” that can be used to evaluate the loss of NPSH from debris generation, transport, and 
collection on the sump screens is endorsed with identified conditions and limitations in the 
NRC’s safety evaluation (SE) of Nuclear Energy Institute (NEI) 04-07, “Pressurized Water 
Reactor Sump Performance Methodology.” 
 
These methods are bounding analyses for evaluating sump performance during and following 
design basis loss of coolant accidents.  A best-estimate analysis of the probability of successful 
sump performance that would be necessary to support a best-estimate compliance evaluation 
permitted by 10 CFR 50.46, “Acceptance Criteria for Emergency Core Cooling Systems for 
Light-Water Nuclear Power Reactors,” is presently not possible because of the complex 
phenomena that is not understood well enough for industry to develop, or staff to evaluate, an 
integrated model of debris generation, transport, and deposition on the sump screens.  Such an 
integrated model would also need to propagate the uncertainty of the constituent input 
parameter distributions through all of the elements.  This would be necessary to eventually 
support an estimate of the uncertainty in the results and permit the determination that there is a 
high level of probability that the acceptance criteria are not exceeded.  Therefore, it will not be 
possible to estimate the uncertainty on the available NPSH, and a best-estimate compliance 
evaluation permitted by 10 CFR 50.46 is presently not possible.  Similarly, a more complete 
understanding of the complex phenomena would be needed to develop more detailed models to 
support analysis via a probabilistic risk assessment.  The complexities of sump performance 
evaluations and the lack of success in past attempts to model aspects of sump performance has 
led the staff to determine that a comprehensive, defensible sump performance model cannot be 
developed in the foreseeable future.  The staff considered the option of developing a generic 
integrated probabilistic model for sump phenomena that could be applied in a plant-specific 
manner, but determined this option not to be viable for similar reasons, as discussed in 
Enclosure 2.   
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Section 6 in NEI 04-07 proposed a limited risk-informed alternative evaluation methodology for 
demonstrating acceptable sump performance.  The alternate methodology proposed to use 
more realistic analysis methods and assumptions to evaluate sump performance for large 
breaks.  The more realistic analysis did not include estimating the uncertainty in the available 
NPSH and was therefore not a best-estimate evaluation, as defined in 10 CFR 50.46.  The 
staff’s SE noted that the requirements of 10 CFR 50.46 are applicable and stated that licensees 
could request, on a plant-specific basis, exemptions from the requirements associated with 
demonstrating long-term core cooling capability in 10 CFR 50.46(b)(5).  NEI 04-07 also 
proposed a risk impact calculation to be performed when changes to the existing facility design 
are necessary to meet the acceptance criteria using the alternate methodologies described in 
Section 6.  The NRC staff’s SE noted that exemptions from the requirements of 
10 CFR 50.46(b) may be required for use of Section 6.  However, no licensee has requested an 
exemption for the purpose of implementing the Section 6 approach for Generic Safety Issue 
(GSI)-191, “Assessment of Debris Accumulation on Pressurized-Water Reactor Sump 
Performance.”  The staff and licensees have, to date, found application of risk tools for 
resolution of GSI-191 to be challenging and of limited use.  However, there is some potential for 
expanding the use of these tools.  At a meeting in June 2010, an NEI representative stated that 
additional implementation guidance is needed to enable licensees to better determine whether 
the Section 6 approach would be useful to plants that have not yet resolved strainer 
performance issues. 
 
In addition, regarding risk informing the remaining elements of GSI-191, the agency is currently 
in the process of developing a risk-informed alternative to the ECCS rule, which may have 
implications for GSI-191.  This risk-informed effort is intended to determine what relaxations in 
ECCS analyses are appropriate.  Based on the new proposed risk-informed ECCS rulemaking, 
“Risk-Informed Redefinition of Large Break LOCA ECCS Requirements,” at 10 CFR 50.46a, 
licensees would still be required to demonstrate adequate strainer performance considering the 
impacts of larger breaks, albeit with more realistic methods.  These evaluations might still 
predict very large debris source terms for some plants with large amounts of fibrous insulation.  
Moreover, a limited risk-informed approach to addressing GSI-191 is already available to 
licensees via the 2004 SE previously discussed, but this approach has not been used for 
reasons discussed in Enclosure 4. 
 
In summary, 10 CFR 50.46 is not a risk-informed rule, and no provisions exist in the rule to 
utilize risk to demonstrate compliance with the rule.  As summarized above, the realistic 
approach can utilize probability, but only in the context of addressing the uncertainties in the 
parameters and the probability of not exceeding the acceptance criteria (in this case, NPSH) 
and not any measure of risk.  Therefore, exemptions under 10 CFR 50.12, “Specific 
Exemptions,” would be necessary to utilize a risk-informed treatment of the remaining elements.  
The exemption criteria in 10 CFR 50.12 that would be applicable, and the regulations from 
which exemptions must be sought, would depend on the specific application.  However, if the 
Commission approves the risk-informed 10 CFR 50.46a rulemaking effort, a viable regulation 
would exist that would allow licensees to adopt and subsequently implement risk-informed 
methods without the need for exemptions.  Thus, exemptions to 10 CFR 50.46 under 
10 CFR 50.12 might be difficult to justify upon promulgation of 10 CFR 50.46a. 
 
 
 



<<
  /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


