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Introduction 

 SCALE 6.1 was assessed at ORNL for hundreds of critical benchmarks 

from a range of different types of systems  

 Benchmarks are from IHECSBE and included in the VALID library 

maintained at ORNL 

 The purposes of this study: 

– Quantify KENO performance for MSTs 

– Compare SCALE 6.1.2 and SCALE 6.2b3 for MSTs 

 Study parameters:  

– MST-002, MST-004, MST-005 

– KENO V.a and KENO-VI codes and ENDF/B-VII.0 data 

– Continuous-energy libraries 

– 238-group for SCALE 6.1.2, 252-group for SCALE 6.2b3  



   

Code Description 

 SCALE 6.1 has two 3D Monte Carlo transport codes for calculation of keff 

 KENO V.a 

– Simple descriptions of complex systems using repeating Cartesian arrays and 

holes 

– No intersections and all objects parallel to a major axis 

 KENO-VI 

– Contains SCALE Generalized Geometry Package 

– Uses mostly pre-defined geometry objects to define regions 

– Allows Cartesian, hexagonal, and dodecahedral arrays as well as holes 

– Supports intersections and rotation 



   

Description of MST-002 

 3 critical experiments 

 Plutonium fraction of 0.2 and 0.5 in a large 

cylindrical tank with water reflection 

 Consists of a cylindrical reaction vessel with a 

68.68 cm ID 

 Height of the reaction vessel is ~108.5 cm 

 Model did not include the concrete room 

 Cases differ due to varying fissile solution 

compositions, critical solution heights and 

reflector temperatures 

 Calculations performed in KENO V.a 

Vertical plan view for the model geometry of MST-002  



   

Description of MST-005 

 7 critical experiments  

 Plutonium fraction of 0.4 in slab geometry  

 Slab tank has square stainless steel walls 

~107.3 cm in height and width  

 A support grid reinforces the faces of the tank 

 Cases differ due to varying solution 

compositions, critical solution heights and widths 

 Three experiments are bare, four cases are 

water reflected 

 Water-reflected cases are modeled with only the 

tank, the support grid, and the reflector tank 

 Bare cases include room to capture room return 

 Calculations performed in KENO V.a 

Elevation view for part of the model geometry of MST-005 



   

Description of MST-004 

 9 critical experiments  

 Plutonium fraction of 0.4 in a small 

cylindrical tank with three different 

reflectors 

 Model consists of a cylindrical reaction 

vessel with a 35.39 cm ID 

 Reaction vessel is ~108.5 cm tall 

 Bare and concrete-reflected models include 

the auxiliary empty cylinder, water reflector 

tank, and the room 

 Cases differ due to varying solution 

compositions, reflectors, and critical 

solution heights 

 3 bare, 3 water-reflected, and 3 concrete-

reflected experiments 

 Calculations performed in KENO-VI 

Elevation view for part of the model geometry of MST-004 



   

Description of MST-004 Cont. 

Elevation view and plan view of the more complicated, concrete reflected cases 



   

Method for Comparison 

 Performance reported in terms of calculated-to-experiment ratio (C/E) 

 

 Average C/E values are determined for each version of KENO for both SCALE 

6.1.2 and 6.2b3 

 

 Propagation of uncertainty in C/E: 

 

– Uncertainty in benchmark model keff is 20 to 80 times larger than KENO keff  

uncertainty 

 

 The results are generated and reported for each nuclear data library  

– Allows comparison of multigroup and continuous-energy performance 



   

Results 
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C/E CSAS5 Results for SCALE 6.1.2  
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C/E CSAS5 Results for SCALE 6.2b3 

0.97500 

0.98000 

0.98500 

0.99000 

0.99500 

1.00000 

1.00500 

CSAS5 V7-252 Results 

CSAS5 CE_V7 Results 

Benchmark Uncertainty 

MST-002 MST-005 

C
/E

 



   

C/E CSAS6 Results for SCALE 6.1.2  
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C/E CSAS6 Results for SCALE 6.2b3 
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Conclusions 

 KENO Monte Carlo codes perform well predicting keff for MST systems in 

SCALE 6.1.2 and 6.2b3 with ENDF/B-VII.0 cross sections 

 

 The C/E values indicate that the code bias for MST systems is fairly small 

when using multigroup libraries 

 

 SCALE 6.2b3 provides C/E values closer to unity with continuous-energy 

physics due to corrections in thermal scattering data 

 



   

Future Work 

 Additional IHECSBE benchmark evaluations 

– MST-007, MST-010 

– LCT-008, HMF-052, HMM-017, MMT-001 

 

 Generate and verify the sensitivity data files (SDFs) for MST-002, -004 

and -005 

  

 Perform review on SDFs then add evaluations to the VALID library 

– SDF for each case in VALID distributed with IHECSBE 
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SCALE 6.2b3 Results Compared to 

IHECSBE Section 4 Results  
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C/E CSAS5 Results for SCALE 6.2b3 
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