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Road MapRoad Map

•• What isWhat is 242m242mAm?Am?

•• Method of Calculation using MCNPMethod of Calculation using MCNP

•• Critical Mass versus Nuclide DensityCritical Mass versus Nuclide Density

•• Comparison with anComparison with an SnSn MethodMethod

•• ConclusionsConclusions
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What isWhat is 242m242mAm?Am?

•• 242m242mAm is one of the actinides studied inAm is one of the actinides studied in
ANS 8.15ANS 8.15 ““Nuclear Criticality Control ofNuclear Criticality Control of
Selected Actinide NuclidesSelected Actinide Nuclides””

•• Very large thermal fission cross sectionVery large thermal fission cross section

•• Minimum critical mass much smaller thanMinimum critical mass much smaller than
233233U,U, 235235U, orU, or 239239PuPu

•• Present in spent fuel in small quantitiesPresent in spent fuel in small quantities
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Modeling AssumptionsModeling Assumptions

•• Homogeneous MetalHomogeneous Metal--Water MixtureWater Mixture

•• Spherical GeometrySpherical Geometry

•• UnreflectedUnreflected (bare)(bare)

•• From Limiting Critical Density to PureFrom Limiting Critical Density to Pure
MetalMetal
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MCNP Calculation MethodMCNP Calculation Method

•• MCNP 5, Version 1.40MCNP 5, Version 1.40

•• Continuous Energy Cross SectionsContinuous Energy Cross Sections

•• ENDF/BENDF/B--VI.8VI.8

•• Skip first 100 cyclesSkip first 100 cycles

•• 1000 active cycles with 40,000 neutrons1000 active cycles with 40,000 neutrons
per cycleper cycle

•• Each data point based on 40 millionEach data point based on 40 million
historieshistories
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MCNP Calculation MethodMCNP Calculation Method

•• Each critical radius determined from sixEach critical radius determined from six
runs (runs (kkeffeff less than 1.00 for 3 runs andless than 1.00 for 3 runs and kkeffeff

greater than 1.00 for 3 runs)greater than 1.00 for 3 runs)

•• Linear least squares fit to determine radiusLinear least squares fit to determine radius
at whichat which kkeffeff = 1.00= 1.00

•• A total of 125 critical radii wereA total of 125 critical radii were
determineddetermined
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Results forResults for 242m242mAmAm

•• Limiting critical density is 0.00059 (Limiting critical density is 0.00059 (235235UU
LCD isLCD is x.xxxxx.xxxx))

•• Minimum critical mass is 41.9 grams (Minimum critical mass is 41.9 grams (235235UU
min. critical mass ismin. critical mass is ~ xxx grams)~ xxx grams)

•• Critical mass for the pure metal is 9.08Critical mass for the pure metal is 9.08
kilograms (kilograms (235235U metal critical mass isU metal critical mass is ~~
x.xxx.xx kilograms)kilograms)



7/10/20107/10/2010 ANS Summer Meeting, June, 2010ANS Summer Meeting, June, 2010

Method of CalculationMethod of Calculation

•• Each critical radius determined from sixEach critical radius determined from six
runs (runs (kkeffeff less than 1.00 for 3 runs andless than 1.00 for 3 runs and kkeffeff

greater than 1.00 for 3 runs)greater than 1.00 for 3 runs)

•• Linear least squares fit to determineLinear least squares fit to determine
radius at whichradius at which kkeffeff = 1.00= 1.00

•• A total of 125 critical radii wereA total of 125 critical radii were
determineddetermined
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MCNP Results forMCNP Results for 242m242mAmAm

•• Limiting critical density is 0.00059 g/cc (Limiting critical density is 0.00059 g/cc (235235U LCDU LCD
isis ~~ 0.012 g/cc)0.012 g/cc)

•• Bare minimum critical mass is 41.9 grams (Bare minimum critical mass is 41.9 grams (235235UU
bare min. critical mass isbare min. critical mass is ~ 1300 grams)~ 1300 grams)

•• Bare critical mass for the pure metal is 9.08Bare critical mass for the pure metal is 9.08
kilograms (kilograms (235235U bare metal critical mass isU bare metal critical mass is ~ 45~ 45
kilograms)kilograms)

•• Discharged fuel contains ~ 50 grams/yr/reactorDischarged fuel contains ~ 50 grams/yr/reactor
or 5 kg/yr in U.S.or 5 kg/yr in U.S.
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Comparison to PARTISNComparison to PARTISN

•• There are multiple paths to the goalThere are multiple paths to the goal –– allall
with pros and conswith pros and cons

•• However, all paths provide an estimate ofHowever, all paths provide an estimate of
a critical massa critical mass
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MCNP vs. PARTISNMCNP vs. PARTISN
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The Difficulty withThe Difficulty with 242m242mAmAm

•• TheThe ““big 3big 3”” ((235235U,U, 239239Pu,Pu, 233233U) are wellU) are well
supported with experimental datasupported with experimental data

•• The selected actinides covered by ANSThe selected actinides covered by ANS--
8.15 such as8.15 such as 242m242mAm have little to noAm have little to no
experimental data, other than that used toexperimental data, other than that used to
generate cross section datagenerate cross section data
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The Difficulty withThe Difficulty with 242m242mAmAm
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TheThe 242m242mAm fission cross sectionAm fission cross section

Neutron Energy (MeV)
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AmAm--242m Metal242m Metal--Water Mixtures asWater Mixtures as
Calculated withCalculated with PartisnPartisn

•• There is a discernable difference between resultsThere is a discernable difference between results
using ENDF/Busing ENDF/B--VI.8 and ENDF/BVI.8 and ENDF/B--VII.0VII.0

•• PartisnPartisn ModelModel

–– Bare spherical geometryBare spherical geometry

–– S16S16

–– 6969--group structuregroup structure

–– 100 fine mesh intervals100 fine mesh intervals

–– Critical radius searchCritical radius search
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MCNP5/Partisn Comparison atMCNP5/Partisn Comparison at
Estimated Minimum Critical MassEstimated Minimum Critical Mass

•• PartisnPartisn uniformly yields smaller estimateduniformly yields smaller estimated
critical masses than MCNP5critical masses than MCNP5

•• Average relative error betweenAverage relative error between PartisnPartisn andand
MCNP5MCNP5

–– ENDF/BENDF/B--VI.8 ~ 0.13%VI.8 ~ 0.13%

–– ENDF/BENDF/B--VII.0 ~ 0.74%VII.0 ~ 0.74%
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MCNP5MCNP5--Partisn Comparison forPartisn Comparison for
Estimated Metal Critical MassEstimated Metal Critical Mass

•• PartisnPartisn produces slightly smaller estimatedproduces slightly smaller estimated
critical masses relative to MCNP5critical masses relative to MCNP5

•• ENDF/BENDF/B--VI.8 produces significantly smallerVI.8 produces significantly smaller
metal critical masses relative to ENDF/Bmetal critical masses relative to ENDF/B--
VII.0 calculationsVII.0 calculations
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Current Revision to StandardCurrent Revision to Standard
ANSANS--8.158.15

•• Each selected nuclide covered by ANSEach selected nuclide covered by ANS--8.15 is evaluated8.15 is evaluated
and judged independent of other nuclidesand judged independent of other nuclides

•• Judgment is required to set the appropriateJudgment is required to set the appropriate subcriticalsubcritical
limits for these selected nuclides:limits for these selected nuclides:
–– SubcriticalSubcritical limits are established based on judgment relative tolimits are established based on judgment relative to

calculated resultscalculated results

–– SubcriticalSubcritical limits are generally NOT established based onlimits are generally NOT established based on
experimental dataexperimental data becausebecause the experimental data do not existthe experimental data do not exist

•• TheThe unreflectedunreflected subcriticalsubcritical limit forlimit for 242m242mAm in metalAm in metal--
water mixtures can be conservatively set to 21 gramswater mixtures can be conservatively set to 21 grams
(50% of the minimum calculated value)(50% of the minimum calculated value)
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ConclusionsConclusions

•• MCNP can be used to precisely calculate theMCNP can be used to precisely calculate the
critical mass of a highly fissionable nuclide forcritical mass of a highly fissionable nuclide for
the complete range of metalthe complete range of metal--water mixtureswater mixtures

•• MCNP and anMCNP and an SnSn model (PARTISN) give similarmodel (PARTISN) give similar
results when using the same evaluated crossresults when using the same evaluated cross
section datasection data

•• PARTISN consistently gives slightly smallerPARTISN consistently gives slightly smaller
critical masses than MCNP (group xcritical masses than MCNP (group x--sections vs.sections vs.
continuous energy, different method, etc.)continuous energy, different method, etc.)
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Audience ParticipationAudience Participation

•• Thank you forThank you for
your attentionyour attention

•• Comments?Comments?

•• Questions?Questions?


