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10 CFR Part 61 LLW Disposal Concept

Near-surface (<30 m depth) land disposal with specific technical
requirements, performance objectives, and procedural requirements

Cornerstone of safe disposal is stability:
- Stable wastes, design

* Reliance on natural system isolation
 Reduced exposure to intruders

« Stability of waste form & packaging

Graded stability requirements using waste classes A, B, and C




. U. S. N R_ C
b 7% AN TTRD STATES NUCLEARRBGUILA RO COMMIISION
- Protestivag People and the Fudrmnmment

10 CFR Part 61 LLW Disposal Concept (Cont’d)

Inadvertent intruder dose limit not to exceed 5 mSv/yr
Greater than class C waste unsuitable for near- surface disposal

Site closure and stabilization (a 5-year post-closure period
for observation, monitoring, and maintenance)

Monitoring, access restrictions, and custodial activities after
license transferred to the State or Federal agency for 100 year of
institutional control period

State or federal government ownership of land assuring custodial
care during institutional control period
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10 CFR Part 61 Subpart C Performance Objectives

« §61.41 Protection of the general public (annual doses not to
exceed 0.25 mSv/yr to the whole body, 0.75 mSv/yr to the
thyroid, and 0.25 mSv/yr to any other organ and maintain
effluent releases ALARA)

§61.42 Protection of individuals from inadvertent intrusion (<
5 mSv/yr)

61.43 Protection of individuals during operation based on
61.41 (public) & §20.1201 (occupational).

§61.44 Stability of disposal site after closure (the LLW facility
must be sited, designed, operated, and closed to achieve
long-term stability) so that following closure, only
surveillance, monitoring, or minor custodial care are
required
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A LLW Disposal Design Concept
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Overview of Performance Assessment

What is Performance
Assessment?

What is assessed?

Collect

_ . Data » What can happen?
+ Systematic analysis of what could | | * How likely is it?
happen at a site Site Design and + What can result?
Characteristics / Waste Form

Performance
Assessment: Develop

a leaming Concept
process Models

and
Estimate
Effects

How is it conducted?
+ Collect data

* Develop scientific models
* Develop computer code
* Analyze results

Why use it?

+ Complex system
» Systematic way fo evaluate data
* Internationally accepted approach

Develop
Numerical and

omputer Models
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Steps in NRC NUREG-1573 PA Methodology Reviews

Data evaluation
Conceptual models & scenarios
Parameter distributions
Mathematical models & codes

« Consequence modeling & analysis
Sensitivity & uncertainty analysis ¥
Initial evaluation of site performance i
R-evaluation of data & assumptions y A
Assessment of compliance with S Lotie > ﬁ} e
10 CFR 61.41 & §61.42

=1
and Parameter
Distributicns

Update
Assumptions




Specific Processes Considered in NRC L

Infiltration

UZ Flow

Eng. Barrier Performance
 Container Breach

« Waste Form Leach

« Source term releases
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NUREG-1854 - PA Guidance for Activities
Related to U.S. DOE Waste Determinations

Discusses the main areas that should be addressed
during a WIR (e.g.; Waste Incidental to Reprocessing) review

Applies to all four WIR sites (SRS, INL, Hanford, West
Valley)

Is risk-informed and performance-based

Is based on existing NRC guidance (e.g., NUREG-1573,
NUREG-1757) as well as staff experience
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NUREG 1854 Areas of PA Review Guidance

PA Review areas include:
— Scenario Selection and Receptors
— General Technical Review Procedures
— Specific Technical Review Procedures
» Climate and Infiltration
Engineered Barriers
Source Term/Near Field Release
Radionuclide Transport
Biosphere Characteristics and Dose Assessment
Models and Codes
Uncertainty/Sensitivity Analyses
Evaluating Model Results
ALARA Analysis




USNRC
qﬁ% USNRC

Proteth pi ndk Emmmen

NUREG-1854 PA Reviews Generic Approaches

The guidance emphasizes the need for adequate model to support
its stability

The amount of model support is to be commensurate with the risk
significance of the model

Model support may entail multiple lines of evidence

The guidance recognizes that traditional validation may not be
possible for some PA models

Technical basis is needed for the performance of intruder protection
systems

Types of scenarios envisioned: residential, agricultural, recreational,
hunting & fishing, well-driller, construction, or others

Site stability PA includes:
— Natural stability of the site (e.g., effects of floods, erosion)
— Stability of the waste (e.g., potential for differential settling)
— Stability of the engineered facility (e.g., vault degradation)
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The Concept of IAEA Safety Case (SC)

NEA SC Definition: “The synthesis of evidence, analyses and
arguments that quantify and substantiate a claim that the repository
(i.e.; disposal facility) will be safe after closure and beyond the time
when active control of the facility can be relied on”.

IAEA SC Definition: A collection of arguments and evidence to
demonstrate the safety of a facility and to assist in key decision-
making.

The SC has to be developed in the early phases of the development
of a project. It constitutes the basis for internal decisions by the
operator/licensee (e.g.; site selection, safety evaluation, design
conceptualization and optimization, etc....) as well as to establish a
dialogue with the regulator and stakeholders.




USNRC IAEA SC Requirements
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« Requirement 12: Preparation, Approval and use of the safety case and safety
assessment for a disposal facility

“A safety case and supporting safety assessment shall be prepared and updated by the operator,
as necessary, at each step in the development of a disposal facility, in operation and after closure.
The safety case and supporting safety assessment shall be submitted to the regulatory body for
approval. The safety case and supporting safety assessment shall be sufficiently detailed and
comprehensive to provide the necessary technical input for informing the regulatory body and for
informing the decisions necessary at each step”

 Requirement 13: scope of the Safety Case and safety assessment

The safety case for a disposal facility shall describe all safety relevant aspects of the site, the
design of the facility, and the managerial control measures and regulatory controls. The safety
case and supporting safety assessment shall demonstrate the level of protection of people and the
environment provided and shall provide assurance to the regulatory body and other interested
parties that safety requirements will be met”

* Requirement 14: Scope of the Safety Case and Safety Assessment

The safety case and supporting safety assessment for a disposal facility shall be documented to a
level of detail and quality sufficient to inform and support the decision to be made at each step
and to allow for independent review of the safety case and supporting safety assessment”

17
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USNRC Safety Case & Decision Steps
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Active Institutional Control

.
Disposal - Government
Concept Site Selection & Design

Regulator

Disposal Concept

Operator
Need for Action

Waste Manager Operator
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o Pre-construction Construction Construction
Phase of activities X Bl

FPost-closure

activities activities

- : Regulatory decision Regulatory i
Decision points Decision to Regulatory decision ° M Facility closed

to emplace decision
investigate to construct 6 close
l l l l l Timeline
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Pre-operational period Operational period Post-closure period
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| Analysis and Ranking of Safety
USNRC Functions, Safety Arguments and

Related Decisions
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NEED FOR DISPOSAL  SITE SELECTION CONSTRUCTION ~ OPERATION CLOSURE PASSIVE  POST-LICENSING NEED FOR DISPOSAL  SITE SELECTION CONSTRUCTION  OPERATION  CLOSURE PASSIVE  POST-LICENSING
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ENGINEERING CONTROL PERIOD ENGINEERING CONTROL PERIOD
DESIGN DESIGN

—— Safety Case Context —— Management Stakeholder & Regulatory Process = Safety Case Context —— Management Stakeholder & Regulatory Process
— Optimisation Uncertainties —— Safety Strategy —— Optimisation Uncertainties —— Safety Strategy

—— System Description —— Safety assessment —— Integration of Safety Arguments —— System Description — Safety assessment —— Integration of Safety Arguments
—— Limits, Control & Conltions —— Limits, Control & Condtions




US NRC PA & Safety Case Issues
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How to treat future site conditions, processes, events, & climate
change

Exposure scenarios assumptions, probability & compliance dose
criteria

Performance of engineered barriers
Timeframe for LLW performance assessment

Treatment of sensitivity and uncertainty and integration of
uncertainties

Role of performance assessment during operational and post-
closure periods

Overall integration of site characterization, facility design
performance assessment, and safety analysis during facility life
cycle and update of the safety case

Bench-marking and QA/QC issues
Stakeholders Inputs
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Basic approaches and methodologies of generic NRC LLW PA, addressing
10 CFR Part 61 performance objectives, are well established in NUREG-
1573

NRC PA approaches and methodologies for review of U.S. DOE Waste
Determinations are well established in NUREG-1854

PA analysis for LLW evaluation of specific sites, or specific waste streams,
can be developed as necessary based on a case-by-case basis. PA
regulatory issues are typically addressed through coordination of staff

technical analysis and managers, as directed by the Commission, in
consideration of stakeholders inputs.

PA analysis and management decisions will continue to be based on
“Risk-Informed Performance Based Approach and Realistic Conservatism”

IAEA safety case is a comprehensive approach involving decision-making
and safety assessments by operators, regulators, and governments, with
stakeholders’ inputs. It applies to actions and decisions during all phases
facility life cycle.

NRC staff welcome international PA collaboration and continued dialogue
and exchange of information
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Infiltration Process and Recommended Approach for LLW PA Analysis
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LLW Timeframe and Performance Period

100 200 300 400 500
Years

Reliance On
Engineered Barriers

Focus on Engineered Barrier
Performance

10 CFR Part 61 Requirements:
End of Active Institutional Control Period (10 CFR 61.59(b))
Classes B/C Stability Requirement {10 CFR 61.7(b)(2))

—— Class C Intruder Barrier Reguirment (10 CFR 61.52(a)({2))

NUREG-1573

10000

Reliance On
Site Characteristics
(and Degraded Engineering)

Focus on Site Performance and
Long-Lived Radionuclides
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Schematic lllustration of Examples of Exposure
Scenarios
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Examples of Key Elements and
Parameters in PA Analysis

 Key PA Elements:

o Period of performance, disposal depth, receptor scenario
(pathways and location), correlation of parameters,
integration and consistencies of sub-models particularly and
transport and dose impact calculations, and bench-marking
and QA/QC

« Examples of Parameters
o Hydraulic: conductivity, gradient of aquifer, infiltration rate

o Chemical & Geochemical: solubility, liquid saturation,
retardation

o Exposure Scenario: sources of exposure, and occupancy
time, residence parameters, location of receptor, and intake
parameters
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PA Regulatory Issues

How to treat future site conditions, processes, events, and climate
change

Exposure scenarios & compliance dose criteria
Performance of engineered barriers

Timeframe for LLW performance assessment
Treatment of sensitivity and uncertainty

Role of performance assessment during operational and post-
closure periods

Overall integration of site characterization, facility design
performance assessment, and safety analysis

Bench-marking and QA/QC issues
Stakeholders Inputs




NRC’s Recommended Approach to Dose Impact Analysis Calculations
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Conceptual Model of Complex Site
USNRC‘ with Multiple Sources

Protecting People and the Environment

Unsealed Natural .
Monitoring Surface Precipitation S-SX Faulty Joint

 Overfill 8 N
Hanford e . —

: B ) Hanford
Perched o Gravelly

Water from _ Ao ) b Sands
Adjacent - £ -

Gravelly .
Sands

Ringold Gravel
unit E

Water, Leel

BN 137cg [ 90g, EEEN Backfil [T Mobile Constituents in Tank Waste, H, Na*, TcO,", UO,(CO,),=, CrO,~

I High Level Waste Supernate or Liquid Phase Natural Precipitation and Movement Along

BB Solid Phases of High Level Waste (FeOH, and Culturally Disturbed and Natural Pathways
Other Precipitated Phases) === Surface Runoff and Artificial Sources of Water

from Ward et al. (1997) after Caggiano et al. (1996)




USNRC ' SC Context Main Arguments

Prote hngP opi Lmd th Environme

Safety Case Context -National Strategy

-National Legal Framework

- Regulations

- International Commitments

- International Guidances

- Licensing Process

- Financial Considerations





<<
  /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


