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Description 
 
The U.S. Nuclear Regulatory Commission’s (NRC’s) current licensing process for digital 
systems rests on deterministic engineering criteria.  In its 1995 probabilistic risk assessment 
(PRA) policy statement, the Commission encouraged the use of PRA technology in all 
regulatory matters to the extent supported by the state-of-the-art in PRA methods and data.  
Although much has been accomplished in the area of risk-informed regulation, the process of 
risk-informed analysis for digital systems is not fully developed.  Since digital instrumentation 
and control (I&C) systems are expected to play an increasingly important safety role at nuclear 
power plants (NPPs), the NRC established a plan for digital system research defining a 
coherent set of projects to support regulatory needs (ADAMS Accession No. ML100541484).  
One of the projects included in this research plan addresses risk assessment methods and data 
for digital systems (described in Section 3.1.6 of the plan, and supported by work under 
Sections 3.1.5 and 3.4.5).  Digital I&C systems have unique characteristics compared with 
analog I&C systems, such as using software, and may have different failure causes and/or 
modes; hence, incorporating them in NPP PRAs entails special challenges. 
 
The objective of the NRC’s digital system risk research is to identify and develop methods, 
analytical tools, and regulatory guidance for (1) including models of digital systems in NPP 
PRAs, and (2) incorporating digital systems in the NRC’s risk-informed licensing and oversight 
activities.  Previous and current RES projects identified a set of desirable characteristics for 
reliability models of digital systems and have applied various probabilistic reliability modeling 
methods to an example digital system (i.e., a digital feedwater control system [DFWCS]).  
Several NUREG/CR reports, which have received extensive internal and external stakeholder 
review, document this work.  The results of these “benchmark” studies have been compared to 
the set of desirable characteristics to identify areas where additional research might improve the 
capabilities of the methods.  One specific area currently being pursued by RES is the 
quantification of software reliability.  To examine the substantial differences in PRA modeling of 
software (versus conventional NPP components), in May 2009, RES convened a workshop 
involving experts with knowledge of software reliability and/or NPP PRA (ADAMS Accession No. 
ML092780607).  At the workshop, the experts established a philosophical basis for modeling 
software failures in a reliability model. 
 
Subsequently, RES reviewed a spectrum of quantitative software reliability methods (QSRMs) to 
catalog potential methods that can serve to quantify software failure rates and per-demand 
failure probabilities of digital systems at NPPs, such that the system models can be integrated 
into a PRA (ADAMS Accession No. ML102240566).  The QSRMs were identified by reviewing 
research on digital system modeling methods sponsored by the NRC or by the National 
Aeronautics and Space Administration, performed by international organizations, and published 
in journals and conferences.  The strengths and limitations of QSRMs for PRA applications were 
categorized, described, and evaluated.  In addition, a set of desirable characteristics of a QSRM 
was established. 
 
RES is currently in the process of evaluating the QSRMs against the set of desirable 
characteristics, to assist in selecting one or two candidate QSRMs.  The candidate QSRMs will 
be applied to an example software-based protection system in proof-of-concept studies. 



 
The results of the benchmark studies also highlighted the following areas where enhancement 
in the state-of-the-art for PRA modeling of digital systems is needed: 
 

• approaches for defining and identifying failure modes of digital systems and determining 
the effects of their combinations on the system 

• methods and parameter data for modeling self-diagnostics, reconfiguration, and 
surveillance, including using other components to detect failures 

• better data on hardware failures of digital components, including addressing the potential 
issue of double-crediting fault-tolerant features, such as self-diagnostics 

• better data on the common-cause failures (CCFs) of digital components 

• methods for modeling software CCF across system boundaries (e.g., when there is 
common support software) 

• methods for addressing modeling uncertainties in modeling digital systems 

• methods for human reliability analysis associated with digital systems  

• process for determining if and when a model of controlled processes is necessary in 
developing a reliability model of a digital system 

 
It should be noted that even if an acceptable method is established for modeling digital systems 
in a PRA and progress is made in the above areas, (1) the level of effort and expertise required 
to develop and quantify the models will need to be practical for vendors and licensees and (2) 
the level of uncertainty associated with the quantitative results will need to be sufficiently 
constrained so that the results are useful for regulatory applications. 
 
Completed Milestones 
 

• Issued NUREG/CR-6901, “Current State of Reliability Modeling Methodologies for 
Digital Systems and Their Acceptance Criteria for Nuclear Power Plant Assessments” 
(February 2006) 

• Issued NUREG/CR-6942, “Dynamic Reliability Modeling of Digital Instrumentation and 
Control Systems for Nuclear Reactor Probabilistic Risk Assessments” (October 2007) 

• Issued NUREG/CR-6962, “Traditional Probabilistic Risk Assessment Methods for 
Digital Systems” (October 2008) 

• Issued NUREG/CR-6985, “A Benchmark Implementation of Two Dynamic 
Methodologies for the Reliability Modeling of Digital Instrumentation and Control 
Systems” (February 2009) 

• Issued NUREG/CR-6997, “Modeling a Digital Feedwater Control System Using 
Traditional Probabilistic Risk Assessment Methods” (September 2009) 

• Conducted workshop on the philosophical basis for modeling software failures (May 
2009) 

• Issued Brookhaven National Laboratory (BNL) technical report, “Workshop on 
Philosophical Basis for Incorporating Software Failures in Probabilistic Risk Assessment” 
(November 2009) 



• Issued BNL technical report, “Review of Quantitative Software Reliability Methods” 
(September 2010) 

 
Future Milestones 
 

• Issue final NUREG/CR that documents selection of candidate QSRMs to be applied in 
proof-of-concept studies (May 2012) 

• Issue final NUREG/CR that documents the application of the first candidate QSRM to 
an example digital protection system (November 2013) 

• Issue final NUREG/CR that documents the application of the second candidate QSRM 
to an example digital protection system (June 2014) 

 



<<
  /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


