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17.4 Reliability Assurance Program

The reliability assurance program (RAP) applies to the systems, structures, and 
components (SSC) that are identified as risk-significant (or significant contributors to 
plant safety) as determined by using probabilistic, deterministic, and other methods of 
analysis, including information obtained from sources such as the plant-specific and 
site-specific probabilistic risk analysis (PRA), industry operating experience, relevant 
component failure databases and expert panels.  Implementing the RAP will enhance 
safety by focusing on design resources for risk-significant SSC and on maintaining the 
reliability of such SSC during the design and operation stages of the plant.

17.4.1 Reliability Assurance Program Scope, Stages, and Goals

The purpose of the RAP for the U.S. EPR is to provide reasonable assurance of the 
following considerations:

● The plant is designed, constructed and operated consistent with assumptions and 
risk insights for risk-significant SSC.

● Risk-significant SSC are selected and maintained so that they do not degrade to an 
unacceptable level during the life of the plant.

● The frequency of challenges (transients) to risk-significant SSC is minimized.

● These SSC will function reliably when challenged.

The RAP is implemented as an integral part of the design process and is implemented 
during the detailed design phase so that the important U.S. EPR reliability assumptions 
of the PRA are considered throughout the course of plant life.

The RAP is implemented in two stages.  The first stage applies to reliability assurance 
activities that occur before the initial fuel load.  The objective of the RAP during the 
first stage is to provide reasonable assurance that the reactor design meets the 
preceding considerations in the areas of design, procurement, fabrication, 
construction, and preoperational testing activities and programs.  The assumed 
reliability of SSC in the design stage will be realistic and achievable.

The second stage of the RAP applies to reliability assurance activities for an operating 
plant.  During the second stage of the RAP, the goal is to verify that the reliability of 
the SSC within the scope of the RAP is maintained during plant operation.  The 
activities for the second stage will be integrated into relevant existing programs, such 
as maintenance rule, surveillance testing, inservice inspection, inservice testing, and 
quality assurance (QA).  Individual component reliability may change throughout the 
course of plant life because of a number of factors, including aging and changes in 
suppliers and technology.  Plant programs will provide reasonable assurance that the 
reliability of SSC will remain acceptable.
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17.4.2 Reliability Assurance Program Implementation

The RAP for the design stage is implemented in several phases.  The first phase is the 
design certification phase, which defines the overall structure of the RAP, including 
guidance for procedures and other activities which will be implemented in future 
phases.  A design-specific PRA model is used to develop a list of SSC and insights.  The 
risk-significant SSC are identified in this phase for inclusion in the program using the 
probabilistic, deterministic, or other methods previously indicated.

The second phase is the site-specific phase, which introduces the plant site-specific 
design information to the RAP process.  A COL applicant that references the U.S. EPR 
design certification will identify the site-specific SSC within the scope of the RAP.

Also in this phase, the RAP is modified or appended based on consideration of 
conditions specific to the site.

17.4.2.1 Design Consideration

The RAP is established to provide sufficient documentation during the design and 
operation of the U.S. EPR.  As part of the design process, SSC are evaluated to 
determine their dominant failure modes and the associated effects.  Most components 
have an industry operating history available that defines the significant failure modes 
and their likely causes.

Strategies for failure prevention or mitigation are developed through the identification 
and prioritization of the various possible failure modes for each component.  This 
information is provided as input for the operational program phase.

During the design phase, appropriate design reviews and reliability assessments 
evaluate the reliability of risk-significant SSC that are identified by the PRA and other 
sources.  As part of the design reliability process, design engineers provide quality and 
reliability to the development of the SSC while verifying that the PRA properly 
models the basis for the design of SSC.  PRA model development during the design 
phase mostly relies on generic information, bounding assumptions, or design 
requirements as a basis for model development.  An assessment of the model can be 
performed when changes occur during the plant design phase, as well as during 
normal plant operations.  The assessment considers reliability concepts, such as human 
reliability, redundancy, diversity, and external events to improve the system design.  A 
further evaluation of design options is pursued if the results of the assessment reveal 
that the proposed design change could conflict with the results and insights derived 
from the PRA, or could cause significant unavailability of a safety function.

The design changes that affect the PRA model are reviewed and appropriate revisions 
are prepared in accordance with the PRA update process.
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17.4.2.2 SSC Identification and Prioritization

The first task of the RAP is to identify the risk-significant SSC that are to be included 
in the scope of the program.  A table that includes a list of design-specific SSC is 
included in the RAP.  This preliminary list is prepared and controlled under the RAP 
program.  This list is updated when the plant-specific PRA is developed.  The selection 
of risk-significant SSC uses a combination of probabilistic and deterministic insights 
such as PRA analytical results, industry experience, regulations, expert panel process, 
and engineering judgment to identify and prioritize the SSC.

The Level 1 PRA provides an evaluation of the accident sequences from initiating 
events and failures of safety functions that lead to core damage.  The analysis of 
external events considers events caused externally to systems associated with power or 
plant shutdown operations.  These events include internal fire, high winds, internal 
flooding, and seismic margins.  Level 2 risk significance is determined qualitatively by 
identifying dominant contributors to severe accidents and offsite fission product 
releases.

Risk-significant SSC can be judged by using the PRA Level 1 model based on the  risk 
achievement worth (RAW), common cause failure (CCF) RAW, or Fussell-Vesely (FV) 
of the respective SSC.  Components with an RAW value of two or greater, a CCF RAW 
value of 20 or greater,  or FV of 0.005 or greater can be considered risk-significant.  
The RAW of a component is the factor by which the plant core damage frequency 
increases if the component reliability is assigned the value of 1.0 (assumed guaranteed 
to fail).  The CCF RAW of a common cause group is the factor by which the plant core 
damage frequency increases if the common cause group probability of failure is set to 1 
(common cause failure is assumed to occur).  FV is a measure of the component’s 
contribution to the overall core damage frequency.

17.4.2.3 Expert Panel

An expert panel is established to assess the qualitative and quantitative inputs related 
to risk-significant SSC.  A preliminary list of risk-significant SSC is developed using a 
combination of probabilistic and deterministic insights.  This includes information 
obtained from sources, such as design-specific PRA, nuclear plant operating 
experience, relevant component failure databases.  

The expert panel will use their expertise and PRA insights to develop the list of the 
risk-significant SSC.  The panel members will use input from the specific risk 
importance calculational methods (i.e., FV and RAW) to determine risk-significant 
SSC.  Each calculational method will identify a different set of SSC based on differing 
concepts of importance.  Each method is useful for providing insights into the 
selection of risk-significant SSC.  The expert panel may use all of these methods in the 
decision making process.
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The use of an expert panel compensates for the limitations of the PRA model, such as 
model assumptions, treatment for support systems, level of definition of cut sets, cut 
sets truncation, shadowing effect of very large (high frequency) cutsets, and inclusion 
of repair or restoration of failed equipment and limitations in the meanings of the 
importance measures in the Nuclear Energy Institute Guideline NUMARC 93-01 
(Reference 1).

The expert panel consists of individuals who possess extensive knowledge in the areas 
of PRA, risk and reliability, plant operation, system engineering and maintenance.  A 
process is developed for the selection and the qualification of the members.

Meetings are held on an as-needed basis to discuss the final selection of the risk-
significant SSC that are to be included in the RAP.  Industry-wide information sources 
and engineering judgment will be used to consider the addition of SSC to the RAP.

17.4.3 Organization, Design Control, Procedures and Instructions, Corrective 
Actions, and Audit Plans

AREVA NP is an integrated design and engineering organization that is responsible for 
formulating and implementing Phase 1 of the RAP.

The AREVA NP RAP implementation plan includes RAP scope, objectives, design 
consideration, the identification and prioritization of SSC, RAP organization, and 
expert panel.  This RAP implementation plan is described in the following paragraphs.

The AREVA NP engineering organization is responsible for the safety analyses, risk 
and reliability analyses, and the PRA necessary to support the development of the 
RAP.  PRA and design engineering personnel report to the manager of nuclear island 
engineering.  Therefore, risk and reliability personnel are directly involved with the 
design organization and are responsible for keeping the design staff cognizant of the 
risk-significant items of the RAP, program needs, and project status.  Risk and 
reliability personnel participate in the design change control process to incorporate 
RAP-related inputs into the design process.  Additionally, a cognizant representative 
of risk and reliability is present at design reviews to identify interfaces between the 
performance of risk-significant SSC and the reliability assumptions in the PRA.  
Meetings between risk and reliability personnel and the designer are held to manage 
interface issues.

AREVA NP engineering design procedural controls are applied to the RAP.  Specific 
procedures provide guidance for the design control process, control of design changes, 
and storage and retrieval controls.

The design control procedure defines the process for performing, documenting, and 
verifying design activities.  This includes the development or modification of system 
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designs, evaluations, analyses, calculations and design document preparation (e.g., 
specifications, drawings, reports).

The procedure for design change control defines the process for evaluating design 
changes in engineering controlled documents so that the total effect is considered 
before a change is approved, and the affected documents are identified and changed 
accordingly.  The procedure identifies the information and organizations responsible 
for these interfaces, including PRA review.  If a proposed change could affect the 
safety, availability, or capacity factor of the U.S. EPR, system reliability is analyzed.

There are several AREVA NP corporate quality assurance and design control 
procedures which provide guidance for the development of a high-quality process for 
the reliability assurance program and for maintaining the appropriate documentation 
of it.  The documentation development and maintenance procedure establishes the 
requirements and responsibilities for the preparation, approval, and issue of 
documents controlled by the engineering design organizations.  The QA records 
procedure provides requirements for QA record retention.  The self-assessment, 
corrective action, and audit procedures specify the responsibilities associated with 
respective audits of the engineering organization.  This self-assessment is also used to 
promptly identify, document, and determine corrective actions for conditions that are 
adverse to quality.

The above AREVA NP corporate processes provide configuration control of the list of 
SSC within the scope of RAP thereby demonstrating that the U.S. EPR reliability 
assurance implementation program will maintain the scope of RAP SSC throughout 
the design process.

17.4.4 Reliability Assurance Program Information Needed in a COL Application

 A COL applicant that references the U.S. EPR design certification will provide the 
information requested in Regulatory Guide 1.206, Section C.I.17.4.4.

17.4.5 References

1.  NUMARC 93-01, Nuclear Utilities Management and Resources Council, “Industry 
Guideline for Monitoring Effectiveness of Maintenance at Nuclear Power Plants,” 
April 1996.

Next File
Tier 2  Revision  1  Page 17.4-5


	17.4 Reliability Assurance Program
	17.4.1 Reliability Assurance Program Scope, Stages, and Goals
	17.4.2 Reliability Assurance Program Implementation
	17.4.2.1 Design Consideration
	17.4.2.2 SSC Identification and Prioritization
	17.4.2.3 Expert Panel

	17.4.3 Organization, Design Control, Procedures and Instructions, Corrective Actions, and Audit Plans
	17.4.4 Reliability Assurance Program Information Needed in a COL Application
	17.4.5 References



<<
  /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
  /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 300
  /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 300
  /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 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /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

  /CreateJDFFile 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 compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


