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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 – the subject of this presentation 

 
V&V is a required element of SQA for 10CFR830 safety software 
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NSC-DOC2000-4 (2000) NSE 84 79-82 (1983) Unpublished manuscript (2012) 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. 
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Problem 1  
Problem 2  

Problem 3  

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



Lawrence Livermore National Laboratory LLNL-PRES-XXXXXX 
7 

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  



Lawrence Livermore National Laboratory LLNL-PRES-XXXXXX 
8 

Critical radius and flux determined numerically using the FN method to solve a singular 
integral equation using basis functions.   
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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) 
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§  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 
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§  One group parameters 

 

 
§  keff (criticality) and λ (λ = α/10, where α is in gen/µsec) 

The results for the Shmakov solid sphere benchmarks are EXCELLENT  
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§  keff (criticality) and flux (U=outward, S=inward) 

 

 

 

§  Reaction rates (balance table) for r0=2 cm and R=12 cm 

The results for the Shmakov hollow sphere benchmarks are EXCELLENT  
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§  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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§  CSEWG Data Validation (Chair) 

§  NDAG (Chair) 

§  ICSBEP (Evaluator, Reviewer) 

§  End-user (ANL) 

§  NCSP (ANL Task Manager) 

§  Reactor physics (ZPR, ZPPR) 

§  Nuclear data (PT URR) 

§  Monte Carlo methods (VIM) 
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COG11.1 – New Features, Data, V&V 
 

Rich Buck, Dave Heinrichs, Chuck Lee, Ed Lent 

Lawrence Livermore National Laboratory, 7000 East Avenue, L-198, Livermore, CA, 94550, USA 
This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore Na?onal Laboratory under Contract DE‐AC52‐07NA27344. 

New Features 

CritDetVR – Enables hybrid cri?cality/shielding 

calcula?ons for variance reduc?on of detector 

scores with no bias in the keff calcula?on. 

DFG  –  Simulates  delayed  gamma  emission 

from the fission product decay. 

NRF  –  S imulates  nuc lear  resonance 

fluorescence  reac?ons  for  nuclear  photon 

absorp?on and emission. 

RadSrc – Automa?c photon source calcula?on 

for  gamma  emission  from  α‐decay  at  a  user‐

specified ?me (age). 

COGLEX  –  Update  includes  dic?onary  entries 

for compounds with thermal scaQering law. 

MC‐to‐SN 

ARDRA – COG geometry package is included in 

LLNL’s modern massively parallel SN code with 

automa?c meshing features. 

New Data Libraries 

NRF Library (Dr. Jim Hall, LLNL): 

 COGNRF 

RadSrc Library (Dr. Ed Lent, LLNL): 

 COGRS 

DFG Libraries (Dr. Ed Lent, LLNL): 

 DFG.ENDFB7R1 

 DFG.JEFF3.1.1 

 DFG.JENDL4 

Neutron Libraries: 

 ENDFB7R1,  PT.ENDFB7R1, T.ENDFB7R1 

 JEFF3.1.2,   PT.JEFF3.1.2,  T.JEFF3.1.2 

 JENDL4 

Dosimetry Library: 

 IRDFF1.02 

Supported Library Formats: 

 ENDL, ENDF, ACE 

 GND (in progress) 

Many, many older data libraries con?nue to be 

supported (e.g., JEF2.2, ENDF/B‐V). 

V&V 

COG11BETA2 has been extensively tested using 

the following test suites: 

 Regression tests (11 cases) 

 ICSBEP cri?cality benchmarks (501 cases) 

 NRF tests (3 cases) 

 SINBAD shielding benchmarks (9 cases) 

 SILENE Ac?va?on benchmarks (11 cases) 

 PHOTONUCLEAR benchmarks (16) 

 KOBAYASHI exact solu?ons (in progress) 

 CRITCYL exact solu?ons (in progress) 

AutomaSon 

LLNL  is  automa?ng  V&V  code/data  tes?ng  as 

described  by  M.‐A.  Descalle  at  ND2013.    BNL  is 

involved in a similar effort. 

Website/Email 

Please  visit  our  website  at  hQp://cog.llnl.gov 

and contact us at COG@llnl.gov. 

LLNL‐POST‐644394  LLNL‐POST‐644395 

SILENE Activation Experiment 

!

Model 

Storage Vault Model 

Shielding & Criticality Safety 

9975 Shipping Container 

Shielding & Criticality 

Practical User Training 

Neutron Radiography 

Fission Product Decay Gammas 

Dose Assessment 

 

COG11.1 – Practical Applications 
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Detailed Model of ZPPR-21F 

Reactor Physics 


