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ABSTRACT

This document presents a  strategy for conducting a review of system description and
demonstration of multiple barriers in a potential license application submitted by the
U.S. Department of Energy (DOE) for a high-level waste geologic repository at Yucca Mountain,
Nevada.  A description of tasks and responsibilities, documentation of findings, and a  schedule
for conducting the review is included.  This document is intended to support an integrated
risk-informed review of the DOE performance assessment.  

ACKNOWLEDGMENTS

This is an independent product of the CNWRA and does not necessarily reflect the views or
regulatory positions of the NRC.  The NRC staff views expressed here are preliminary and do
not represent a final judgment or determination of the matters addressed or of the acceptability
of a license application for a geologic repository at Yucca Mountain.

The authors acknowledge discussions with O. Pensado, reviews by J. Winterle and B. Sagar,
editorial review by E. Hanson, and the assistance of R. Mantooth in preparing this document.

QUALITY OF DATA, ANALYSES, AND CODE DEVELOPMENT

No data, analyses, or codes are discussed in this document.



1

1 BACKGROUND

In 10 CFR 63.2, a barrier is defined as any material, structure, or feature that prevents or
substantially reduces (i) the rate of movement of water or radionuclides from the Yucca
Mountain repository to the accessible environment, or (ii) the rate of release of radionuclides
from the waste.  A barrier may be a geologic feature, an engineered structure, a containment for
the waste, or the waste form itself.

1.1 Basis

As provided in 10 CFR 63.113(a), the geologic repository must include multiple barriers
consisting of both natural barriers and an engineered barrier system.  Furthermore, the potential
DOE license application is required to identify the barriers included, describe the capabilities of
each barrier, and provide the technical bases for the capabilities of the barriers in a manner
consistent with the technical basis supporting the performance assessment.

The Yucca Mountain Review Plan (NRC, 2003) provides guidance to reviewers on the areas of
review, review methods, and acceptance criteria for conducting a risk-informed review of the
potential DOE licence application.

Based on requirements in 10 CFR 63.115, the regulatory review will focus on the following
aspects of the potential license application

• The barriers identified as important to waste isolation

• The description of the capabilities of the identified barriers

• The discussion of the technical bases for assertions of barrier capability and its
consistency with the technical bases for the performance assessment

1.2 Objectives

The goals of this multiple barriers review strategy are to:

• Define the tasks to be accomplished in the review of multiple barriers based on the
Yucca Mountain Review Plan (NRC, 2003)

• Assign responsibilities for the defined tasks

• Provide flexibility to allow for potential technical or programmatic changes before and
after the submission of the potential license application

• Develop effective integration and participation of the postclosure review teams

• Meet  schedule and resource constraints 
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Accomplishing these goals will lead to a timely, complete, and defensible review of multiple
barriers in the potential licence application.  It will also support transparent and traceable
documentation of findings.

2 AVAILABLE DOCUMENTS

The review of multiple barriers will be based primarily on the documentary materials that will be
submitted by DOE in the potential license application, including the Safety Analysis Report. 
The following documents will be used to support review activities prior to receipt of a potential
license application.

• 10 CFR Part 63, in particular Sections 63.2, 63.113, and 63.115

• Yucca Mountain Review Plan (NRC, 2003) (Section 2.2.1.1)

• Integrated Issue Resolution Status Report (NRC, 2005) (Section 5.1.1 and Appendix D)

• NRC and DOE Key Technical Issues Agreements for TSPAI.1.01 and TSPAI.1.02
(Schlueter, 2003)

• Total System Performance Assessment—License Application Methods and Approach
(Bechtel SAIC Company, LLC, 2003) (Section 8.3)

• Performance Confirmation Plan (Bechtel SAIC Company, LLC, 2004)

3 TASKS AND RESPONSIBILITIES

The tasks to be conducted in reviewing multiple barriers are grouped into three phases:  (i) the
period preceding submittal of the potential license application, (ii) the acceptance review period,
and (iii) the period during which detailed technical reviews of a license application will
be conducted.

3.1 Prior to License Application Submittal

The following tasks will be conducted prior to the receipt of a potential license application
from DOE:

• The Multiple Barriers review team will develop understanding and integration of all
review teams. This will be done by extracting the requirements of 10 CFR Part 63 and
the Yucca Mountain Review Plan (NRC, 2003) relevant to multiple barriers and discuss
them with the Model Abstraction review teams to solidify common understanding and
interpretation.  This task could be aided by mapping potential barriers to integrated
subissues risk insights already ranked in the Risk Insights Baseline Report (NRC, 2004).

• Each team involved in reviewing the potential license application will internally resolve
any differences of opinion.  If the issues cannot be resolved with reasonable effort, the
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team will use existing administrative procedures for issue resolution.  Differences in
opinion that impact importance ranking of barriers should be resolved well in advance of
the license application submittal.

• The Multiple Barriers team will consult the documents listed in Section 2 to obtain an
initial understanding of the barriers DOE might rely on for waste isolation.  This initial
study will require in-depth familiarity with the models that comprise the total system
performance assessment.  It will also indicate the potential significance of the barriers to
waste isolation.  During the acceptance review and detailed review stages, the indicated
barriers, barrier capabilities, and risk rankings will be updated.

3.2 During Acceptance Review

As part of the acceptance review, the Multiple Barriers team will conduct the following:

• List the barriers DOE relies on for waste isolation in the tendered license application and
link each barrier to one or more barrier capabilities.

• Prepare a simple spreadsheet with checkboxes to indicate the capability (or capabilities)
associated with each barrier.  This spreadsheet will be provided to each model
abstraction review team to assist in conducting the detailed review.

• Conduct an abbreviated review of the license application documents to come to an
initial understanding on the barrier capabilities and their relative importance to
waste isolation.

• For the docketing decision, determine whether the description of the capabilities of the
barriers provided in the tendered license application is sufficient for NRC to conduct a
risk-informed review of postclosure performance.

• If it is determined that the information in the tendered license application is insufficient to
understand the capability of the barriers, provide the results of such determination to the
Acceptance Review Team, along with any request for additional information necessary
to conduct a risk-informed review.

• Based on the information in the tendered license application, assign a significance rank
to each barrier as high, medium, or low.  If the capability of a barrier cannot be
determined, it will be assigned a rank of high until information is provided by DOE in
response to a request for additional information.  If necessary, this initial determination
of significance of barrier capability will be reviewed and updated based on findings of the
detailed review or in response to additional information provided by DOE.

• Identify and resolve any significant differences between the NRC risk insights and the
derived DOE risk rankings.  Where differences exist, the resultant ranking will use the
higher of the two rankings.  The resultant ranking will be used during the detailed review
to determine the focus given to each barrier.
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• Update the mapping of DOE barriers to NRC risk rankings and use the updated
mapping to identify and document the Model Abstraction team(s) responsible for
reviewing each barrier.

3.3 During Detailed Review

The Multiple Barriers team will assess whether the differences between NRC and DOE barrier
rankings are logical in light of the differences between the NRC and DOE approaches.  This will
require frequent interactions with the Model Abstraction teams.

The Model Abstraction teams will conduct the following tasks during the detailed review period:

• Use the comparison of DOE and NRC risk rankings conducted during the acceptance
review and the resultant rankings to make staff responsible for reviewing the model
abstractions aware of where to focus their reviews.  Staff will focus their reviews on the
model abstraction(s) linked with barriers ranked high or medium.  For barriers ranked
low, staff will conduct a simplified review focusing on confirming the main assumptions. 
Each review team should understand that review focus is not equivalent to review effort. 
After deciding on the review focus (based on the risk rankings), the effort needed to
perform the review will depend on the complexity and state of knowledge about
the barriers.

• If necessary, update the spreadsheet developed during the acceptance review of
DOE barriers mapped to their capabilities.  Verify that (i) the list of barriers includes at
least one engineered and one natural barrier, and (ii) DOE analyses link the barriers
identified to their respective capabilities.

• Verify that the barrier capabilities are consistent with the definition of a barrier specified
at 10 CFR 63.2.

• Verify that DOE has provided adequate information on the time period over which each
barrier performs its intended function.  This will require a detailed examination of
performance assessment results and uncertainty estimates.

• Verify that the barrier capabilities are derived from, and therefore consistent with, the
performance assessment results.  Use the mapping of barriers to risk insights
updated during the acceptance review to identify the relevant performance assessment
model outputs.

• Verify that the technical bases provided to support the descriptions of barrier
capabilities are (i) consistent with the technical basis for the performance assessment
and (ii) commensurate with the importance of each barrier capability.

• Use existing guidance for generation of requests for additional information, if necessary.

• Determine if it would be necessary to update the DOE risk rankings.  This will confirm
our understanding of the risk insights incorporated in the DOE performance assessment,
and form a basis for conducting further postclosure-related regulatory activities in a
risk-informed manner.
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• Prepare documentation of review findings for inclusion in the Safety Evaluation Report.

4 DOCUMENTATION OF FINDINGS

The review of multiple barriers in the potential license application will directly use the
acceptance criteria in the Yucca Mountain Review Plan (Section 2.2.1.1.3).  The documentation
of findings will constitute the inputs to the Safety Evaluation Report prepared for the potential
licence application.  The aspects of the documentation that relate to multiple barriers will be
based on

• Initial determinations prior to the detailed review

• Receipts from the Model Abstraction teams after completion of the detailed review

Initial determinations will include (i) identifying the barriers and barrier capabilities DOE relies on
for waste isolation, (ii) verifying that barriers identified include at least one engineered and one
natural barrier, (iii) matching the barrier capabilities with the definition given in 10 CFR 63.2, and
(iv) ranking the risk significance of the barriers identified in order to determine the review focus
required for each barrier.  The spreadsheet prepared by the Multiple Barriers team during the
acceptance review should serve as a working document containing these initial determinations. 
This spreadsheet will be updated by the Model Abstraction teams based on their findings during
the detail review of the potential license application.

Receipts from the Model Abstraction teams will include updates to the initial determinations and
new determinations made during the detailed review.  In particular, the receipts will include
(i) the time period over which each barrier performs its intended function, (ii) the performance
assessment results that support the waste isolation capability of each barrier (e.g., radionuclide
breakthrough curves, fluxes, and doses), (iii) the uncertainties associated with the performance
assessment results, and (iv) a statement confirming that the technical basis for the description
of barrier capabilities is consistent with the performance assessment.

5 PROPOSED SCHEDULE

Figure 5-1 illustrates the flow of information between the Multiple Barriers team and the Model
Abstraction review teams for the periods before and after the detailed review of the tendered
license application.  Before the detailed review, initial determinations by the Multiple Barriers
team will include an update to the review focus based on the barriers DOE relies on for
waste isolation and the significance associated with each barrier.  After the detailed review, the
Model Abstraction teams will return with information to confirm that the technical basis for the
description of barrier capabilities is consistent with the performance assessment.

After completion of the acceptance review it is anticipated that there will be a maximum of 108
days  for the completion of multiple barriers reviews and submission of draft inputs to the Safety
Evaluation Report.  The proposed schedule is as follows:
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Risk Information

Information provided before:
Update to Review Focus to 
Reflect DOE’s Barriers

Barrier InfoBarrier Info

Information provided after:
Technical Basis in Performance 
Assessment Consistent with 
Barrier Description

Key
Before detailed review
After detailed review

Risk Information

Information provided before:
Update to Review Focus to 
Reflect DOE’s Barriers

Barrier InfoBarrier InfoBarrier Info

Information provided after:
Technical Basis in Performance 
Assessment Consistent with 
Barrier Description

Key
Before detailed review
After detailed review

Figure 5-1.  Components of Postclosure Performance Assessment Review Indicating the
Flow of Information for Review of Multiple Barriers.  Risk Information is Provided by the

Multiple Barriers Team Before Detailed Review (Solid Arrows).  Confirmation of
Technical Basis for Barrier Capabilities is Returned to the Multiple Barriers Team After
Detailed Review (Dotted Arrows).  Red Outlined Integrated Subissues Boxes Comprise

the TPSAI3 Model Abstraction Teams.   

Prior to License Application Submittal (Ongoing Activities)

• Develop integration of review teams
• Resolve differences of opinion
• Review available documents
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During Acceptance Review (Activities May Be Conducted Simultaneously Within 25 Days)

• List DOE barriers and capabilities
• Evaluate risk significance of barriers
• Map barrier capabilities to risk significance
• Compare DOE and NRC risk rankings
• Assign barrier reviews to Model Abstraction teams

During Detailed Review

• Determine level of review focus, 5 days
• Update barrier capabilities mapping, 5 days
• Verify compliance with acceptance criteria, 30 days
• Prepare draft inputs to the Safety Evaluation Report, 30 days

6 REFERENCES

Bechtel SAIC Company, LLC.  “Performance Confirmation Plan.”  TDR–PCS–SE–000001. 
Rev. 05.  Las Vegas, Nevada:  Bechtel SAIC Company, LLC.  2004.

____.  “Total System Performance Assessment—License Application Methods and Approach.” 
TDR–WIS–PA–000006.  Rev. 00 ICN 01.  Las Vegas, Nevada:  Bechtel SAIC Company,
LLC.  2003.

NRC.  NUREG–1762, “Integrated Issue Resolution Status Report.”  Rev. 1.  Washington DC. 
NRC.  2005.

____.  “Risk Insights Baseline Report.”  ML040560162.  Washington DC.  NRC.  2004.
<www.nrc.gov/waste/hlw-disposal/reg-initiatives/resolve-key-tech-issues.html>

____.  NUREG–1804, “Yucca Mountain Review Plan.”  Rev. 2.  Washington, DC:  NRC.  2003.

Schlueter, J.R.  “Total System Performance Assessment and Integration (TSPAI) Agreements
1.01 and 4.03; Status:  TSPAI 1.01 Complete, TSPAI 4.03 Partly Received.”  Letter (April 10) to
J.D. Ziegler (DOE).  Washington, DC:  NRC.  2003.  <www.nrc.gov/reading-rm/adams.html>



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 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

  /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


