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COG V&V Benchmarks 
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• Regression test suite (11 cases) 

• ICSBEP (criticality) benchmarks (501 cases) 

• SINBAD (shielding) benchmarks (9 cases) 

• SILENE (CAAS/activation) benchmarks (11 cases) 

• Photonuclear benchmarks (62 cases) 

• NRF test suite (3 cases) 

• Analytic benchmarks (new and the subject of this presentation) 

 

V&V is a required element of SQA for 10CFR830 safety software 



Three New Analytic Benchmarks – in COG 
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NSC-DOC2000-4 (2000) NSE 84 79-82 (1983) Unpublished manuscript (2012) 

Kobayahsi  Cylinder  Shmakov 

COG results published by Ed Lent as LLNL-TR-648225, Three Analytic Benchmarks in COG. 



Kobayashi benchmarks – 3 problems 
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Problem 1  
Problem 2  

Problem 3  

For all problems: 

For pure absorbers (Σt=Σa), “exact” flux in the shield and duct are obtained by numerical 
integration: 



Kobayashi problem 1 results – φ 
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1B (x=y=z) 

1A (x=z=5) 

1C (y=55, z=5) 

The results for Problem 1 are EXCELLENT; 24 (86%) ≤ 1σ; 3 (11%) ≤ 2σ; 1 (4%) ≤ 3σ  



Kobayashi problem 2 results – φ 
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2A (x=z=5) 

2B (y=95, z=5) 

The results for Problem 2 are EXCELLENT; 15 (100%) ≤ 1σ; 0 (0%) ≤ 2σ; 0 (0%) ≤ 3σ  



Kobayashi problem 3 results – φ 
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3A (x=z=5) 

3B (y=55, z=5) 

3C (y=95, z=35) 

The results for Problem 3 are EXCELLENT; 8 (36%) ≤ 1σ; 14 (64%) ≤ 2σ; 0 (0%) ≤ 3σ  



Cylinder benchmarks 
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Critical radius and flux determined numerically using the FN method to solve a singular 
integral equation using basis functions.   



Cylinder benchmark results – RC and φ 
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Critical Radius 

The results for the cylinder benchmarks are EXCELLENT  

COG criticality calculations to search for the radius corresponding to keff = 1   

Flux (c=1.05) 

Flux (c=2) 



Shmakov benchmarks – keff, λ and φ 
• Shmakov solves the one-speed neutron transport equation to obtain 

simple closed-form analytical expressions for: 

 – keff (criticality) or λ (alpha) 
 – φ (and reaction rates) 
• Solution is easy due to back-and-forth approximation (μ=±1) 
• For example – a solid sphere: 

 
 

where                            and                      .       
 
• Back-and-forth scattering model added to COG to enable comparison 

to exact analytic values 

10 



Shmakov benchmarks – solid sphere keff and λ 
• One group parameters 
 
 
 
• keff (criticality) and λ (λ = α/10, where α is in gen/μsec) 
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The results for the Shmakov solid sphere benchmarks are EXCELLENT  



Shmakov benchmarks – hollow sphere keff and φ 
• keff (criticality) and flux (U=outward, S=inward) 
 
 
 
 
 
 
 
• Reaction rates (balance table) for r0=2 cm and R=12 cm 

12 

The results for the Shmakov hollow sphere benchmarks are EXCELLENT  



Conclusion 
• COG performance is excellent 

• No coding errors were discovered providing additional confidence in 
the algorithms in COG 

• The Shmakov benchmarks are an excellent contribution to the field of 
analytical benchmarks  

• Additional benchmarks are in progress in support of LLNL operations 
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Questions? 
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