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SUBJECT: DRAFT FINAL NUREG-1855, “GUIDANCE ON THE TREATMENT OF 

UNCERTAINTIES ASSOCIATED WITH PRAs IN RISK-INFORMED 
DECISIONMAKING,” AND DRAFT APPENDIX A, “EXAMPLE 
IMPLEMENTATION OF THE PROCESS FOR THE TREATMENT OF PRA 
UNCERTAINTY IN A RISK-INFORMED REGULATORY APPLICATION” 

 
Dear Mr. Borchardt: 
 
During the 559th meeting of the Advisory Committee on Reactor Safeguards (ACRS),  
February 5-7, 2009, we reviewed the draft final NUREG-1855, “Guidance on the Treatment of 
Uncertainties Associated with Probabilistic Risk Assessments in Risk-Informed 
Decisionmaking,” and draft Appendix A, “Example Implementation of the Process for the 
Treatment of PRA Uncertainty in a Risk-Informed Regulatory Application,” (Reference 1).  Our 
Subcommittee on Reliability and Probabilistic Risk Assessment (PRA) reviewed NUREG -1855 
on December 19, 2007, and on September 30, 2008.  During these reviews, we had the benefit 
of discussions with representatives of the NRC staff, the Electric Power Research Institute 
(EPRI), Brookhaven National Laboratory, Sandia National Laboratories, and ERIN Engineering 
and Research, Inc. 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
1. NUREG-1855 is a valuable contribution to the management of uncertainty in  
 risk-informed regulatory applications.  It should be published. 

 
2. Draft Appendix A should not be published until it is revised. 

 
3. The staff should develop methods for the quantification and integration of model 

uncertainties in risk-informed decisions. 
 
4. Additional examples illustrating applications of the diverse aspects of the guidance 

should be developed and published separately. 
 
DISCUSSION 
 
A long-standing issue in the process of making risk-informed regulatory decisions is the proper 
assessment of the impact of uncertainties on these decisions.  The relevant regulatory  
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documents, e.g., Regulatory Guide 1.174 (Reference 2), require the use of mean values in the 
comparison of risk metrics such as core damage frequencies with acceptance guidelines.   
These are the means of the risk metric distributions.  These distributions are the result of the 
propagation of the probability distributions of the epistemic uncertainties in the basic events 
(component failure rates, human error rates) through the logic models.  These are generally 
called parametric uncertainties as they refer to uncertainties in the parameters of probabilistic 
models of failure. 
 
Parametric uncertainties are only one source of uncertainty in PRAs.  For some basic events, 
e.g., human error rates, the models require assumptions and approximations, which themselves, 
are sources of uncertainty.  In addition, the decision maker has to always be concerned about 
the completeness of the analyses (the “unknown unknowns”).  Typically, PRA results, i.e., the 
derived risk metrics, do not include these uncertainties. 
 
NUREG-1855 provides excellent discussions on epistemic uncertainties (due to parameters, 
models, and incompleteness) and places them in the context of risk-informed decisionmaking.  
The guidance for the identification of sources of model uncertainty is a significant advance and 
will enhance the quality of regulatory decisionmaking.  It should be published. 
 
Although NUREG-1855 provides good guidance for the identification of sources of model 
uncertainty, it stops short of providing meaningful guidance on quantification of these 
uncertainties and integrating them into the overall PRA results or risk-informed decisions.  The 
report heavily emphasizes sensitivity studies.  Such studies can be useful in gaining insight into 
the impact of uncertainties, but often involve implicit judgments as to the adequacy of the range 
of variables examined. 
 
The issue of quantification of model uncertainty has long been of interest to the Nuclear 
Regulatory Commission (NRC) and the ACRS (Reference 3).  The agency sponsored a 
workshop dedicated to this issue 16 years ago (Reference 4) in which several ideas regarding 
quantification were debated.  On a more practical level, two major NRC-sponsored studies 
addressed this issue.  They both employed expert judgments.  In NUREG-1150 (Reference 5), 
the experts assigned weights to alternative hypotheses (models).  In NUREG/CR-6372 
(Reference 6), the experts combined the results of alternative models and sensitivity analyses 
subjectively without assigning weights explicitly. 
 
Both of the NRC studies mentioned above (References 5 and 6) dealt with issues of major 
importance and had the appropriate amounts of resources.  This is not the case for most risk-
informed regulatory decisions.  For example, requiring that the PRA be performed using a 
number of alternative human reliability models and then having experts evaluate the results 
would impose a major burden and would be impractical.  There is a great need for appropriate 
guidance on these matters.  It will be a challenge to develop guidelines that will help the 
analysts incorporate model uncertainties into PRAs efficiently and perform meaningful sensitivity 
studies.  The staff should undertake such an effort. 
 
In addition, NUREG-1855 deals with PRAs that consist primarily of binary events (sometimes 
called PRA Level 1+).  Although many regulatory decisions focus primarily on Level 1+ PRA 
results, consequence analyses and the Safety Goals require risk information and assessments 
of the uncertainties in Level 2 and 3 PRAs.  Significant model uncertainties may arise in  
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modeling physical and chemical phenomena that are addressed in these PRAs.  Guidance on 
handling these uncertainties should be part of the follow-on work1.  Appendix A to NUREG-1855 
is intended to provide an example implementing the guidance given in the draft report.  The 
example is a hypothetical License Amendment Request to revise the Technical Specification 
Allowed Outage Time from 3 days to 7 days for the Residual Heat Removal/Suppression Pool 
Cooling system at a representative Boiling Water Reactor, Mark II plant.  The Appendix begins 
with important illustrations of how to break down PRA results into hazard groups identifying the 
impact of proposed changes at a detailed level.  It uses this information to develop lists of 
contributors that are potential sources of uncertainty that could impact results. 
 
A number of problems exist in the analysis, particularly the sensitivity studies, that require 
improvement before the Appendix is suitable for publication: 
 

• Results are presented in ways that may be misinterpreted as general conclusions, when 
they are applicable only to the specific situation modeled.  For example, in the fire risk 
analysis, the ignition frequency is identified as a key source of uncertainty but the fire 
models are not.  No justification is provided. 

 
• Important dependencies are not described in ways that make it clear that the user will 

need to identify and model them properly.  For example, the coupling between 
seismically induced loss of offsite power and loss of coolant accident is not adequately 
described. 

 
• There is a serious problem in the use of arbitrary sensitivity analyses to evaluate model 

uncertainties.  It is recognized in NUREG-1855 and the Appendix that human error 
probabilities (HEPs) are a source of model uncertainties.  A sensitivity analysis is 
presented in Table A.3-19 in which “All HEP events [are] set to their 95th percentile 
value[s] to approximate use of different method[s].”  No evidence, discussion, or 
references are provided to justify an implicit assumption that the 95th percentile of the 
method employed in the PRA encompasses the results of other models. 

 
These sensitivity analyses are intended to guide the analysts in identifying compensatory 
measures that would increase our level of confidence that the acceptance guidelines are met.  
This is a very worthwhile objective.  However, its achievement requires more discussion of the 
sufficiency of the analyses to identify key uncertainties.  In addition, guidance would be needed 
on the quantitative evaluation of the impact of these compensatory measures. 
 
Finally, there is a pervasive view in this Appendix, borrowed from the EPRI document that it 
cites heavily (Reference 8), that the current PRAs typically contain significant conservatisms.  
Not enough attention is paid to the possibility that there may be significant non-conservative 
assumptions. 
 
Appendix A should not be published in its present form.  Revision of the Appendix will avoid 
many difficulties for users implementing the guidance and for staff reviewing analyses based on 
the report.  The issuance of the revised Appendix will add to the value of draft final  
NUREG-1855. 

                                                 
1 The agency is sponsoring a significant effort to quantify the uncertainties in the results of fire models 
(Reference 7). 
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At a later time, it would be useful to publish a report with additional examples illustrating more 
diverse evaluations of the kinds of uncertainty described in the report.  These examples should  
be less influenced by the assumptions and numerical analyses from a single plant-specific PRA. 
We look forward to future interactions with the staff on these important matters. 
 

Sincerely, 
 

         /RA/ 
 

      Mario V. Bonaca 
      Chairman 
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Letter to R. W. Borchardt, EDO, NRC, from Mario V. Bonaca, Chairman, ACRS,  
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SUBJECT: DRAFT FINAL NUREG-1855, “GUIDANCE ON THE TREATMENT OF 
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INFORMED REGULATORY APPLICATION” 

 
Distribution: 
ACRS Branch A 
ACRS Branch B 
E. Hackett, ACRS 
J. Flack, ACRS 
H. Nourbakhsh, ACRS 
C. Jaegers, EDO 
T. Bloomer, EDO 
B. Champ-Lopes, SECY 
A. L. Bates, SECY 
S. McKelvin, SECY 
L. Mike, SECY 
RidsSECYMailCenter 
RidsEDOMailCenter 
RidsNMSSOD 
RidsNSIROD 
RidsFSMEOD 
RidsRESOD 
RidsOIGMailCenter 
RidsOGCMailCenter 
RidsOCAAMailCenter 
RidsOCAMailCenter 
RidsNRROD 
RidsNROOD 
RidsOPAMail 
RidsRGN1MailCenter 
RidsRGN2MailCenter 
RidsRGN3MailCenter 
RidsRGN4MailCenter 



<<
  /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


