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Experiment Facility 

• Oak Ridge Critical Experiment 
Facility 

– Vertical Lift Machine 

• John T. Mihalczo, team leader 

– 1971-1972 
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ORSphere Critical Experiment Overview 

• Two Critical Configurations 

– First, slightly supercritical 

– Machined Radius 

– Second, slightly subcritical 

• Purpose to create a more accurate 
experiment than GODIVA I 

– Detailed assembly measurements  

• Component dimensions, 
masses, etc. 

• Experimentally determined 
worths for corrections 

– More spherical 

– Less structural material in sphere 
proximity 
 

4 



Experiment Overview 
• Nominal Radii of 8.80618 and 

8.74395 cm. 

• HEU Metal (ORALLOY)  

– 93.2 wt.% 235U 

• Experiment parameters precisely 
measured: 

– Dimensions 

• ±0.0001 in. 

– Mass 

• ±0.01 g 

– Isotopics 

• ±1% 234U & 236U 

• ±0.005 wt% 235U 

– Impurities 

• ~500 ppm  
average content 
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Critical Configuration Benchmark Evaluation  

• Critical configuration evaluation 
presented at ND2013 

– Modeling error had caused 
results to be ~1% low 

– (results now ~0.18% high) 

• Two Benchmark Models 

– Detailed and Simple models 

• Experimental Uncertainty 

– 0.0007 Δkeff (1σ)  

– Largest contribution due to 
uncertainty in curve of 
ellipsoidal parts (0.00066) 

• This uncertainty not even 
addressed in evaluation of 
GODIVA benchmark 
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HEU-MET-FAST-100 



Critical Configuration Benchmark Evaluation 

• Measured and calculated simplification biases 

– Detailed model: (Case 1 shown here) 

• Explicitly model each ellipsoidal section  

• Button holes 

• Diametral hole 

• HEU Pins 

 

• Case 1 

– -0.00192  
±0.00013 Δkeff 

• Case 2  

– -0.00191  
±0.00013 Δkeff  
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Critical Configuration Benchmark Evaluation 

• Simple Benchmark Model 

– Solid, Homogenous, HEU 
Sphere 

– Retained Si, B, and C 
impurities 

• Case 1 

– -0.00140 Δkeff 

• Case 2  

– -0.00185 Δkeff  
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• Sample Calculations 

– MCNP5, KENO-VI, MONK, 
COG11.1, XSDRNPM 

– ENDF/B-VII.0, JEFF-3.1, 
JENDL-3.3, JENDL-4, 
ENDF/B-VI.8, ENDF/B-V.2 

• MCNP5, ENDF/B-VII.0  

– Calculated ~0.18% High 



Reactor Physics Benchmark Evaluation  

• Evaluated measurements of  

– Reactivity Worths 

• Buttons, diametral rod, 
central void 

– Reactivity Coefficient 

• Surface material worth 

– Kinetic Parameter 

• βeff 

– (June 2014 ANS) 

• α and Λ  

– (This Meeting) 

– Reaction Rates 

• Neutron importance 

• Fission density 

– (June 2015 ANS) 
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βeff – Measurement Method  
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βeff Benchmark Model   

• Benchmark Value: βeff = 0.00657 ± 0.00009  

– Agrees well with GODIVA I experimental value of 0.0066 

• Sample calculation result, MCNP5-1.60, ENDF/B-VII.0: 

– 0.00651 ± 0.00003 (-0.86%, -0.64σ) 

 

 

• Limitations of method 

– Need to very accurately measure worth values 

– Worth value of uniform composition 

– Worth values that can be accurately calculated 
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Prompt Neutron Decay Constant, α  

• Rossi-α and randomly pulsed neutron 
(RPN) measurements 

• Three 252Cf time-tagged fission neutron 
sources 

– <0.15 μg 252Cf, ~25,000 to 86,000 
fissions per second 

• Spiral Fission Counter (SFC) 

– 93 wt.% 235U Metal 

– Uranium split plugs used around SFC  
shaft to minimized void introduced 

• Center plate re-machined 

– Surface Hole 

– Diametric Hole 
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Prompt Neutron Decay Constant, α  

• Reactivity ranged 
from ±0.5 ¢. 

• Rossi-α and RPN 
measurements back 
to back 

• Rossi-α  

– Continuous  

• RPN 

– 25 cycles per 
measurement 
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Note: The time scale starts at the bottom right of the figure, 

moves left and ends at the upper left of the figure. 



Prompt Neutron Decay Constant, α  
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Prompt Neutron Decay Constant, α  

• Variance weighted average of 538 measurements 

– No values discarded 

• Prompt Neutron Decay Constant: α =1.1061 ± 0.0009 μs-1 

• Comparable to GODIVA value: α = 1.10 ± 0.01μs-1 
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Prompt Neutron Decay Constant, α , Evaluation  

• Measured over many runs (538) 

– Numerous days  Temperature + reassembly 

– Varied detector and source position  Arrangement 

– Two Measurement Methods 

– Varied configuration using buttons 

– Included all measured values 

• Drives down uncertainty 

• Originally believed that systematic and random uncertainties are 
accounted for because of the large number of measurements. 

• But……… 
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Prompt Neutron Decay Constant, α , Evaluation  
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** Incorrect in ANS Transaction Paper! Full evaluation in the International Handbook 

of Evaluated Reactor Physics Benchmark Experiments should be referenced for most 

up-to-date evaluation.  



Prompt Neutron Decay Constant, α , Benchmark 
Model  
• Smaller sphere (Case 2)used for α measurements with buttons to keep 

system at delayed critical (±0.5 ¢) 

• Began with Simple benchmark model for critical configuration 

• Modified to bring reactivity up to delayed critical using surface material 
worth coefficient 

– keff: 0.9966 ± 0.00069 
• Reduced from 70 pcm so 2.0¢  reactivity measurement uncertainty is 

not double counted with the surface material worth coefficient 

– Surface material worth coefficient: 0.086 ± 0.003 ¢/g 

– βeff: 0.00657 ± 0.00009 

• Sphere mass must be increased by 603.8 ± 125.5 ** gram to reach 
delayed critical. 

• Radius of benchmark model 8.76339 ± 0.00692 cm 
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** There was an error in the uncertainty propagation for the benchmark model at the time the 

ANS Transaction was written! Full evaluation in the International Handbook of Evaluated 

Reactor Physics Benchmark Experiments should be referenced for most up-to-date evaluation.  



Prompt Neutron Decay Constant, α , Benchmark 
Model  
• Radius of benchmark model 8.76339 ± 0.00692 cm 

– Radius uncertainty is bias uncertainty 

•  accounts for uncertainty in: 

– Case 2 benchmark model 

– Surface material worth coefficient 

– βeff 

• 27.2 times larger than the radius uncertainty! 

• Corresponds to 0.00136 Δkeff  

• Bias uncertainty in α is ± 0.229 μs-1 

• Experimental uncertainty in α is ± 0.0079 μs-1 

 

• Benchmark prompt neutron decay constant: 

1.1061 ± 0.229 μs-1 (20.76%) 
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Comparison to Godiva 

• Reported GODIVA α: 

• 1.10 ± 0.01 μs-1 

• Measurement uncertainty only 

• Has not been evaluated and no benchmark model for prompt 
neutron decay constant derived. 

• ORSphere  

• Experimental Uncertainty: ±0.0079 μs-1 

• Bias uncertainty: 0.229 μs-1 

• 1.1061 ± 0.229 μs-1 

 

 

– Using current HEU-MET-FAST-001: 
benchmark keff = 1.000 ± 0.001 

– α uncertainty would increase to ±0.167 μs-1 
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Mean Neutron Generation Time, Λ 

• Using point kinetics and the definition of α, the Mean neutron 
generation time, Λ, can be derived. 
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Mean Neutron Generation Time, Λ 

– At delayed critical: 

 

• βeff  :0.00657 ± 0.00009 

 

• Using the experimental uncertainty for α: 

– α :1.1061 ± 0.0079 μs-1  

– Λ= 5.94 ± 0.092 nsec (derived measurement) 

– (Compared with derived GODIVA Λ = 6 nsec) 

 

– Benchmark model for Λ same as for α 

 

• Using the benchmark uncertainty (including bias unc.) for α: 

– α :1.1061 ± 0.229 μs-1  

– Λ= 5.94 ± 1.24  nsec 
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Sample Calculation for α and Λ  

• MCNP5-1.60 and  ENDF/B-VII.0 

 

 

 

 

• α calculated within 1σ (20%) of benchmark value 
(and within 3σ of calculation uncertainty) 

– If ~0.14% calculation bias in keff is ignored then α calculates within 
2% of the benchmark value (1.1301 μs-1) 

 

 

• Λ calculates 3.6% below the benchmark value of 5.94 ± 1.24 nsec 
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Completion of Evaluation 

• The final evaluation will be published in the 2015 Edition of the 
International Handbook of Reactor Physics Benchmark Experiments 

– The full evaluation should be used for reference due to errors in 
the published transactions for this meeting 
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** All translations of the English word ‘Question’ were 

performed by GoogleTranslate. Any errors should be blamed 

on them.  
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βeff – Other Method  

• Time Correlation Measurements 

– Californium-252 Source 

– 0.00602 ± 0.00008  

– Low compared to GODIVA 1- 0.0066 
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“The low value of the effective 
delayed neutron fraction may 
have been the result of an 
improper theoretical 
formulation for correcting point 
kinetics for spatial effects.” 
(Mihalczo) 



Central Void Worth Evaluation 
 

 

 

 

 

 

 

 

• No additional bias or bias uncertainty in benchmark model 

• Benchmark Central Void Worth: 9.165 ± 0.123 ¢  
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Central Void Worth Calculation 

 

• Sn transport theory extrapolation to infinite order 

• Calculated by experimenter 

– ONEDANT and XSDRNPM 

– Hansen-Roach and ENDF/B-VI cross sections 

 

 6.02 ± 0.01 x 10-4 Δkeff 
 

• Repeated calculation with XSDRNPM (J.D. Bess) 

– ENDF/B-V.0, -VI.0, and VII.0 

– Average result 6.04 x 10-4 

– Uncertainty in calculation increased to 0.4 pcm (bounding) 
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Alternative derivation of βeff  
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• βeff was calculated using HEU button worth measurements 

 

 

 

 

 

 

 

• All results within 3σ but… 

• Large uncertainty makes result useless 

– Large calculation uncertainty  

– Measurement uncertainty 

 



Derived βeff 

• βeff = 0.00657 ± 0.00009 

– Δρ($)=0.09165 ± 0.00123 $ 

– Δρ(Δk)=6.02 ± 0.01 x10-4 Δkeff  

• Repeated Worth Calculation with various codes and cross sections: 
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Variation in 
Delayed Neutron 
Parameters 
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Effect on βeff  

34 

• The derived βeff varied drastically with the delayed neutron parameters. 

•  The MCNP5-1.60 did not show the same variation with variation of 
cross section set. 



Results 

• Simpler calculation assumes approximates βeff for entire system using 
the same average effectiveness 

 

• MCNP method analyses entire system when resolving the point 
kinetics model with more realistic weighting of the delayed neutron 
parameters 

 

• Origin of discrepancies between derived and calculated βeff and the 
variation of results with delayed neutron parameters warrants further 
investigation 
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Simple 
Benchmark 
Model 
Sample 
Results 
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Detailed 
Benchmark 
Model 
Sample 
Results 
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Central Void Worth Measured 

• 43 measurements of stable reactor period with and without the central 
void present 

 

 

 

• Requires delayed neutron parameters α and Λ.  

 

• Independent of β. Assumes β ≈ βeff 

 

• Experimenter used Keepin, Wimmet, and Zeigler Delayed Neutron 
Parameters 

• Experimental Central Void Worth:    9.165 ± .023 ¢ 
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Conclusion 

• Benchmark βeff value for ORSphere evaluated and found to be 
acceptable 

• 0.00657 ± 0.00009 

 

• Benchmark value used Keepin et. al. delayed neutron parameter 

– A variety of delayed neutron parameters yield a large spread of βeff 
values 

– Parameters based on Brady and England data and ENDF/B-VII.0 
gave largest variation from benchmark model 

 

• Additionally, the wide spread of βeff was not present when MCNP was 
used to calculate value regardless of the cross section set used. 

 

• Observed discrepancies warrant further investigation. 
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