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Compositions 
 
 
• Fuel 

+ Enrichment and other uranium isotopics 
+ “Enrichment” and other plutonium isotopics 
+ How much of the composition is the fuel element (uranium or plutonium vs. other)? 
+ Impurities 

 
• Material of interest—e.g., Teflon parts for fluorine studies, PVC/CPVC parts for chlorine studies  

+ How much of the composition is the main element/compound? 
+ Impurities? 

 
• Structural materials 

+ How much of the composition is the main element/compound? 
+ Impurities? 
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First-Order Uncertainty Quantification 
 
 
• The standard uncertainty , iR xu  of response R due to the standard uncertainty 

ixu  in input parameter xi is approximately 
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• The relative sensitivity , iR xS  can be computed with the adjoint method or the direct perturbation method. 
  



 Operated by Triad National Security, LLC for the U.S. Department of Energy’s NNSA 
U N C L A S S I F I E D Slide 4 of 16 

Treatment of Uranium Isotopics in Historic HEU-MET-FAST Evaluations 
 
 
• • HEU-MET-FAST-005, Rev. 1 was 1999 but when was Rev. 0? 

 

 
 
• HEU-MET-FAST-007, Rev. 1 was 1999 but when was Rev. 0? 
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Treatment of Uranium Isotopics in Historic HEU-MET-FAST Evaluations (cont.) 
 
 
• • HEU-MET-FAST-086 (Godiva-IV), 2012 
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Treatment of Plutonium Isotopics in Historic PU-MET-FAST Evaluations 
 
 
• PU-MET-FAST-006 (Flattop-Pu) (Rev. 1 was 1999 but when was Rev. 0?) is the first to mention Pu isotopic uncertainties 

 
But these uncertainties are not propagated: 

 
 
• PU-MET-FAST-044, 2007 

 
In other words, CPA with 240Pu + 241Pu as the control parameter 
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Treatment of Plutonium Isotopics in Historic PU-MET-FAST Evaluations (cont.) 
 
• PU-MET-FAST-046, 2008 

 
 
• PU-MET-FAST-042, 2010 
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Calculating the Sensitivity of keff to U and Pu Isotopic Weight Fractions 
 
 
• For uranium: 

+ Perturb isotope weight fractions and preserve total U mass by balancing the 238U mass 
+ What to do about 238U? 

▪ Balance with 235U? 
▪ Balance with all other U? 
▪ Renormalize all isotopes including 238U? 
▪ Renormalize all isotopes except 238U? 

 
 
 
 
• For plutonium: 

+ Perturb isotope weight fractions and preserve total Pu mass by balancing the 239Pu mass? 
+ What to do about 239Pu? 

▪ Balance with 240Pu? 
▪ Balance with all other Pu? 
▪ Renormalize all isotopes including 239Pu 
▪ Renormalize all isotopes except 239Pu? 
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Calculating the Sensitivity of keff to U and Pu Isotopic Weight Fractions 
 
 
• For uranium:  

+ Perturb isotope weight fractions and preserve total U mass by balancing with the 238U mass 
+ What to do about 238U? 

▪ Balance with 235U? 
▪ Balance with all other U? 
▪ Renormalize all isotopes including 238U? 
▪ Renormalize all isotopes except 238U? 

 
 
 
 
• For plutonium: 

+ Perturb isotope weight fractions and preserve total Pu mass by balancing the 239Pu mass? 
+ What to do about 239Pu?  

▪ Balance with 240Pu? 
▪ Balance with all other Pu? 
▪ Renormalize all isotopes including 239Pu? 
▪ Renormalize all isotopes except 239Pu? 

 
  

Control Parameter Adjustment 
with 238U as the control parameter 

Control Parameter Adjustment 
with 240Pu as the control parameter 

Partial Normalization 

Full Normalization 

Partial Normalization 

Full Normalization 

CPA with 235U as balance 

CPA with 240Pu as balance 

CPA with other U as balance 

CPA with other Pu as balance 
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Calculating the Sensitivity of keff to Weight Fractions in Structural Alloys 
(e.g. Steel or Aluminum) 
 
 
• For minor constituents and impurities, use CPA with the main element as the control parameter. 

+ E.g., in steel, perturb chromium weight fraction and preserve the mass by balancing with the iron weight fraction. 
+ When using adjoint methods, “perturb” is only notional! 
+ We frequently refer to minor constituents as impurities when they are actually important components of the alloy! 

 
• What to do for the major element? 

+ Full normalization?  
+ Partial normalization? 
+ CPA with all other constituents as the balance? 
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Useful References 
 
 
• …on how to do the calculations, 
but not which strategy to use or what  
the constituent uncertainties should be. 
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Using the Adjoint Method Can Lead to Large Uncertainties in the Constrained Sensitivities 
 
 
• A perturbation of the weight fraction wj of nuclide j must be balanced by perturbing other weight fractions in order to preserve the 
normalization ( 1jw =∑ ).  
 
• Constrained relative sensitivities to nuclide weight fractions are computed using the unconstrained sensitivities , ik NS  output by the 
codes.  
 
• If the balance is achieved by renormalizing all weight fractions, even wj, then the constraint is called “full normalization” and the 
constrained sensitivity to wj is  

,0
, , , ,

j j

jFN
k w k w k

I

w
S S S

w ρ= −  

where subscript 0 indicates the initial, unperturbed weight fraction; wI is the constrained total weight fraction of some relevant subset I of 
nuclides (if the “subset” is actually all the nuclides, then wI = 1); and ,kS ρ  is the relative sensitivity to the material density. 
 
• , jk wS  and ,kS ρ  have statistical Monte Carlo uncertainties that must be propagated to , j

FN
k wS . 

 
• Jeffrey A. Favorite, “Correlated Sampling to Reduce the Uncertainty of Combinations of keff Sensitivities,” Transactions of the 
American Nuclear Society, 131, accepted (2024). 
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Example from PU-MET-THERM-005, Chlorine Worth Study 
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Correlated Sampling for the Constrained Sensitivity 
 
 

• Recall ,0
, , ,j j

jFN
k w k w k

I

w
S S S

w ρ= − . 

 

• Propagating uncertainties without accounting for correlations, ,

,
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k w j

j

S
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σ
 was  

+ 622 % for the HDPE moderators, 
+ 5513 % for the HDPE reflectors. 

 

• Using correlated sampling with 100 batches, ,

,

FN
k w j

j

S
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σ
 was  

+ 1.829 % for the HDPE moderators,  
+ 11.386 % for the HDPE reflectors.  
+ Verified using 90 random samples. 
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On Fuel Impurities 
 
 
• No impurities were reported in the Godiva-IV fuel. From Rev. 0: 

 
 
• But, from the Uncertainty Guide, estimate the effect of unknown impurities by 

1. subtracting fuel mass equal to the best estimate of the total mass of impurities, and 
2. adding best estimates of the impurities. Often, the first effect is the larger one. 

 
• I used average impurities from the Jemima plates as an estimate of Godiva impurities (as Stolte did for the Flattop revision). 
 
• Subtracting fuel mass Δkeff = –75 pcm 
• Adding impurities back in Δkeff = +120 pcm 
 

→ Replacing fuel with impurities (preserving mass density) Δkeff = +45 pcm 
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Summary and Conclusions  
 
 
• Our community has agreed on very few “rules” for composition uncertainties. 

+ For uranium isotopics, use CPA with 238U as the control parameter. 
+ For minor constituents and impurities in structural alloys, use CPA with the main element as the control parameter. 
 

• There are many more unsettled questions! 
+ Plutonium isotopics 
+ The CPA control parameter  

 
• Very large uncertainties in adjoint-based constrained sensitivities can be reduced by properly accounting for correlations, 
and in MCNP6 we need sensitivities in batches. 
 
• Canonical rules or “common knowledge” might not apply to your situation. 
 
• I welcome your comments and suggestions: favorite@lanl.gov  
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