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Agenda

Background

Criticality safety for spent fuel transportation
packages

Current NRC guidance on burnup credit

Computer code validation for burnup credit
criticality analyses

Considerations for future guidance on burnup
credit for transportation
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Background

* Burnup: the amount of energy released
from a fuel assembly in a reactor in terms
of Megawatt-Days per Metric Ton of initial
Uranium (MWD/MTU), which results in an
overall reduction of fuel assembly
reactivity
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Background (cont.)

» Burnup Credit: credit for the reduction in
reactivity that occurs with fuel burn-up
due to the net reduction of fissile nuclides
and the production of actinide and fission-
product neutron absorbers
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Goal:

* Higher capacity for dry storage and
transportation, and the ability to transport
entire inventory of commercial spent fuel

when needed
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Transportation Cask Capacity

24-Assembly Basket 32-Assembly Basket
with Flux Traps without Flux Traps
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Storage Status

e 55 |SFSIsin 33
States

e 9-13 new ISFSIs
in 2009-2012

e Over 1000
loaded storage
casks B

Ralbnads Interstane Highaways




Criticality Safety for Spent Fuel Casks

+ 10 CFR 71.55 (b)

— ... a package used for the shipment of fissile
material must be so designed and
constructed and its contents so limited that it
would be subcritical if water were to leak into
the containment system, or liquid contents
were to leak out of the containment system
so that, under following conditions, maximum
reactivity of the fissile material would be
attained...”




Criticality Safety for Spent Fuel Casks

10 CFR 71.83

— "When the isotopic abundance, mass,
concentration, degree of irradiation, degree

of moderation, or other pertinent property of
fissile material in any package is not known,
the licensee shall package the fissile material
as if the unknown properties have credible
values that will cause the maximum neutron
multiplication.”
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Interim Staff Guidance 8

* “Burnup Credit in the Criticality Safety Analyses
of PWR Spent Fuel in Transport and Storage
Casks”

— Revision 2 published in 2002
(http:/lIwww.nrc.gov/reading-rm/doc-collections/isg/isg-8R2.pdf)

— Actinide-only based on available validation data
— Fission products to provide additional margin

— Confirmatory burnup measurement to prevent
misload, consistent with IAEA TS-R-1
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Interim Staff Guidance 8 (cont’d)

 Actinides represent roughly 75% of the reduction
In reactivity due to burnup

— Major actinides: 234U, 235U, 238U, 238Py, 239Py, 240Py,

241Pu, and #*?Pu

* Fission products represent roughly the
remaining 25% of the reduction in reactivity

— Major fission products: %°Sm, 43Nd, 193Rh, 131Sm,
133Cs, and 1°°Gd
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Discharged PWR Fuel Population
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Interim Staff Guidance 8 (cont’d)

EPRI has concurred that experimental data for
validation are a limiting factor for extending to full BUC:

“ISG-8, Revision 2 can be viewed as providing as much burnup
credit flexibility as can be currently expected (UOZ2 fuel irradiated in
PWRs only, with no credit for fission products) based on the extent
and range of the available data” (Source: EPRI 1002879)

One burnup credit application approved
Three others under consideration
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Code Validation for Burnup Credit

 NRC expects software validation for burnup credit in
spent fuel transportation to be consistent with well-
established domestic (ANSI/ANS) and international
(ISO) practice for out-of-reactor criticality safety
analyses

Standards require comparison of predicted vs.
experimental data to obtain bias and bias uncertainty
— Radiochemical assay data for depletion code validation
— Critical experiments for criticality code validation
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Expanding Technical Basis for
Burnup Credit

NUREG/CR-6979, “Evaluation of the French Haut Taux
de Combustion (HTC) Critical Experiment Data”

NUREG/CR-6951, “Sensitivity and Uncertainty Analysis
of Commercial Reactor Criticals for Burnup Credit”

Currently reviewing new high burnup radiochemical
assay data for depletion code validation

Investigating possible acquisition of French fission
product critical experiment data for fission product
criticality validation
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Considerations for Revision 3 —
Code Validation

Availability of French HTC actinide data gives greater
degree of confidence in actinide criticality validation
than existed at the time ISG-8, Rev. 2 was published

New chemical assay data for fission product depletion
validation

Potential use of French fission product critical
experiment data

Potential use of CRC data to augment validation
process
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Considerations for Revision 3 —
Burnup Measurements

NUREG/CR-6955, “Criticality Analysis of
Assembly Misload in a PWR Burnup Credit
Cask”

Draft NUREG on information related to spent
fuel burnup confirmation

NRC Office of Research evaluating misload
probability

Potential for misload analysis in lieu of
measurement




USNRQ

Protecting People and th

Summary

Burnup credit increasingly sought by industry to
maximize the capacity of spent fuel transportation
packages

Burnup credit criticality analysis and validation much
more complicated than for fresh fuel assumption

NRC working to expand the technical basis for burnup
credit to allow some credit for fission products and
provide alternatives to confirmatory burnup
measurements

Crediting fission products can increase the fraction of
the discharged fuel population that can be transported
In high capacity transportation packages
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Questions?





<<
  /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


