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Monte Carlo Codes
X-3-MCC, LANLAbstract

Adjoint weighting is important for calculating parameters in
reactor physics.  A New method is developed to calculate adjoint-
weighted quantities with continuous energy Monte Carlo.  The
method is applied to computing point-reactor kinetics parameters
and estimating changes in reactivity from small perturbations.  The
results are benchmarked to 1D discrete ordinates, experimental data,
and direct Monte Carlo calculations.
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• Need for adjoint-weighting in Monte Carlo

• Method description

• Reactor kinetics

• Perturbation theory
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Background
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Monte Carlo Codes
X-3-MCC, LANLMonte Carlo Methods

• Direct simulation of radiation transport

• Advantages
– High-�delity geometric representation
– Continuous energy and angle physics

• Weaknesses
– Slow statistical convergence compared to discrete ordinates
– Adjoint calculations dif�cult
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Monte Carlo Codes
X-3-MCC, LANLWhy are adjoint �uxes useful?

• Many reactor physics quantities are ratios of weighted
integrals (kinetics parameters, etc.)

• Adjoint �ux is convenient weighting factor

• Adjoint �ux corresponds to importance of radiation
with respect to a “response function”
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X-3-MCC, LANLComputing Adjoints

• Deterministic method process:
1. Invert sign of streaming operator
2. Transpose scattering matrix
3. Use standard solution techniques

• Monte Carlo options:
– Invert radiation transport physics – very dif�cult in CE
– Forward solution methods (weight window generator)
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X-3-MCC, LANLResponse in Eigenvalue Problems

• What is the response function for the k-eigenvalue
transport equation?

• Iterated Fission Probability:

† † † †1
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Consider a neutron introduced into a critical
system at a location in phase space.  The expected
steady state neutron population resulting from that
original progenitor neutron is de�ned as the
iterated �ssion probability.
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• Monte Carlo already follows a neutron and its progeny
through successive generations

• Need to track information about its progenitor

• Can existing random walks of a k-eigenvalue
calculation be used?
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• KENO eigenvalue contributon estimator

• MCNIC

• Nauchi & Kameyama reactor kinetics parameter
calculations
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Method Overview
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• Track neutron lineage through many
generations.

Gen. 0 Gen. 1 Gen. 2 Gen. n
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• Track neutron lineage through many generations.

Gen. 0 Gen. 1 Gen. 2 Gen. n

Progenitor

Gen. 0 Gen. 1 Gen. 2 Gen. n

Progenitor

Asymptotic

Population
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• Track neutron lineage through many generations.

Gen. 0 Gen. 1 Gen. 2 Gen. n

Progenitor

Asymptotic

Population

Original

Generation
Latent Generations

Asymptotic

Generation



15

Monte Carlo Codes
X-3-MCC, LANLMethod Overview

• In original generation store contribution for each
progenitor of index p:
– Ex. Fission Source Contribution:

– Ex. Track length �ux:

• Progenitor index p inherited by all progeny:

• Tally asymptotic population in asymptotic generation:
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Reactor Kinetics
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X-3-MCC, LANLReactor Kinetics

• Point reactor approximation for criticality excursion
analysis:

• Need to know averaged point reactor parameters for a
given system.
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Monte Carlo Codes
X-3-MCC, LANLReactor Kinetics Parameters

• Neutron generation time:

• Effective delayed neutron fraction:

• Rossi-alpha:
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• Adjoint-weighted neutron density:

• Adjoint-weighted total �ssion source:

• Adjoint-weighted delayed �ssion source:
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Monte Carlo Codes
X-3-MCC, LANLMultigroup Partisn

Supercritical bare fast slab (k = 1.14)410

Subcritical bare fast slab (k = 0.78)49

Highly re�ective slab48

Re�ected fast sphere47

Bare fast sphere46

Bare slab w/ intermediate spectrum85

Re�ected fast slab44

Bare fast slab43

Re�ected thermal slab, fuel + moderator42

Bare thermal slab, fuel/moderator mix41

Problem DescriptionG#

Lifetime Comparisons
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X-3-MCC, LANLMultigroup Partisn

9.6752       +/-   0.0115 ns9.6725 ns10

10.1714     +/-   0.0138 ns10.1715 ns9

6.1115       +/-   0.0073 �s6.1221 �s8

10.1969     +/-   0.0158 ns10.1982 ns7

1.7185       +/-   0.0022 ns1.7211 ns6

112.5003   +/-   0.4341 ns112.0523 ns5

43.5719     +/-   0.0913 ns43.4114 ns4

9.8099       +/-   0.0010 ns9.8100 ns3

135.0876   +/-   0.2081 �s135.2317 �s2

14.1025     +/-   0.0545 �s14.1323 �s1

MCNPPartisn#

Lifetime Comparisons

22

Monte Carlo Codes
X-3-MCC, LANLExperimental Rossi-�

-1.153 +/- 0.037---1.1093 +/- 0.0003WINCO-5

-0.128 +/- 0.002---0.122 +/- 0.004STACY-29

-122 +/- 2.5-120 +/- 5-117 +/- 1BIG TEN

-296 +/- 5-252 +/- 30-267 +/- 5Flattop-23

-643 +/- 13-510 +/- 120-640 +/- 10Jezebel

-1136 +/- 12-1030 +/- 60-1110 +/- 20Godiva

Progenitor �
(ms-1)

ACODE �
(ms-1)

Measured �
(ms-1)

Experiment

ENDF/B-VI.5 nuclear data
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Linear Perturbation
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Monte Carlo Codes
X-3-MCC, LANLPerturbation Theory

• Suppose we want to know the change in reactivity due
to a small change in a system
– Density changes
– Enrichment/concentration uncertainties
– Cross section data changes

• Can use linear perturbation theory
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X-3-MCC, LANLLimitations in MCNP Perturbation

• MCNP perturbations do not account for �ssion source
perturbations.
– See talk by Jeff Favorite

• Linear perturbation theory can account for this

• Approach still has some limitations in this respect
– Large local �ux shifts cause problems
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X-3-MCC, LANLReactor Kinetics Tallies

• Adjoint-weighted collision rate perturbation:

• Adjoint-weighted scattering source perturbation:

• Adjoint-weighted �ssion source perturbation:
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X-3-MCC, LANLPerturbation Validation

• Boron-10 worth in 2D APWR quarter core.

• 10B concentration: 1.675 x 10-4 to 1.65 x 10-4

0.00320 +/- 0.00011Calc. �k

0.00325 +/- 0.00011Ref. �k

0.99983 +/- 0.00008keff

Ref. obtained by comparing keff for two separate MCNP runs.
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Monte Carlo Codes
X-3-MCC, LANLPerturbation Validation

• Godiva 235U sphere

• Change cross section library from ENDF/B-VI.5 to
ENDF/B-VII.0

0.00358 +/- 0.00006Calc. �k

0.00344 +/- 0.00006Ref. �k

0.99646 +/- 0.00004keff

Ref. obtained by comparing keff for two separate MCNP runs.
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• Unit fuel cell with control rod

• Change enrichment by +0.01%

0.00131 +/- 0.00025Calc. �k

0.00125 +/- 0.00025Ref. �k

1.00390 +/- 0.00017keff

Ref. obtained by comparing keff for two separate MCNP runs.

30
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X-3-MCC, LANLPerturbation Validation

• Unit fuel cell with control rod

• No 131Xe to 5 ppb 131Xe in fuel

-0.01722 +/- 0.00020Calc. �k

-0.01687 +/- 0.00020Ref. �k

1.00368 +/- 0.00014keff

Ref. obtained by comparing keff for two separate MCNP runs.
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Summary & Future Work
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Monte Carlo Codes
X-3-MCC, LANLSummary

• Adjoint weighting is useful for calculating critical
system parameters

• New method extends Monte Carlo to do adjoint-
weighted tallies

• Applied to:
– Kinetics parameters
– Linear perturbations of reactivity
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X-3-MCC, LANLFuture Work

• Further application to sensitivity/uncertainty analysis

• Subcritical source importance weighting
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<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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 false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [150 150]
  /PageSize [612.000 792.000]
>> setpagedevice


