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Monte Carlo Codes 
XCP-3, LANL Motivation  

• Monte Carlo criticality calculations have well -known 
issues.  
– Bias in Results : Arises from renormalization with a small batch 

size.  
 

– Under -prediction of Uncertainties : Criticality calculations do 
not account for positive correlation between cycles.  

 
 

• Previous work has focused on static calculations, no 
assessment on how depletion calculations are affected.  
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Monte Carlo Codes 
XCP-3, LANL Previous Work, Static Case 

• 2-D PWR, fresh fuel  

F.B. Brown, “ A Review of Monte Carlo Criticality Calculations –  Convergence,  
Bias, Statistics,” Proc. M&C 2009 Saratoga Springs, NY May 3-7 (2009).  
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XCP-3, LANL Bias Along Diagonal  



6 6 

Monte Carlo Codes 
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Monte Carlo Codes 
XCP-3, LANL Reference Input Case 

• OECD/NEA Burnup Credit Benchmark Phase IIIB  
– Reflected 2D BWR -like assembly  
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XCP-3, LANL Full Geometry  
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Monte Carlo Codes 
XCP-3, LANL Geometry  

• Geometry  
– Four assemblies were grouped together into a quad assembly  

• 1 cm B4C control blade between them 

– Four quad assemblies were grouped together  
• 1 cm water between them 

• Burnup zones  
– Each fuel pin was had its own material number  
– Each gadolinium pin had 10 material numbers  

• Same radius for each region 

• Power of 192 kW  
• Burnup Steps  

– 1 burnup  step of 1 day  
• Account for the Xe-135 

– 12 burnup  steps of 90 days 
– 1 decay step of 5 year  
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Monte Carlo Codes 
XCP-3, LANL Tallies  

• Reaction rate tallies:  
– Fission of U-235 
– Fission of Pu-239  
– Capture of U-238 
– Capture of Pu-239  
– Capture of Xe -135 
– Capture of Gd-157  

 
 

• Tallies were placed along the diagonal of the geometry.  
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Monte Carlo Codes 
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