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Introduction 

ORSphere critical 
configurations 
evaluated 

Compared with 
existing bare HEU 
metal benchmark 
data 

What is the impact 
on Nuclear 
Criticality Safety? 
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ORCEF Sphere (ORSphere) Experiments 

 1971 

 Two spheres 

One slightly 
supercritical 

Machined radius 

One slightly subcritical 

 Experimentally 
measured corrections 

More accurate than 
GODIVA critical mass 

~60% reduction in 
uncertainty 
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ORCEF Sphere Experiments 
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 Radii of 8.80618 and 
8.74395 cm 

 Density of 18.74 
g/cm3 

 93.2 wt.% 235U 
 Additional physics 

measurements 
Void worth 
Button worths 
Prompt neutron 

decay 
Delayed neutron 

fraction 
Fission rate 

distribution 



    

 

ORCEF Measurement Uncertainties 

 Very precise 
measurement 
capabilities at Y-12 
Dimensions 

o ±0.0001 in. 

Mass 
o ±0.01 g 

 Isotopics 
o ±1% 234U 

o < ±0.02 wt.% 235U & 236U 

 Impurities 
o ~500 ppm  

average content 
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 John T. Mihalczo 

Experimenter still 
available for 
collaboration 

Further information 
available 

ORNL/TM-2012/32 



    

 

Experimental Uncertainty 
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Benchmark  
Results 
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Bare HEU Benchmark Experiment Comparison 

 46 Experiments 


235U Enrichment 
“Lady Godiva” 

o ~94 wt.% (no 236U) 

RFNC Spheres 
o ~90 wt.% (no 236U) 

VNITF Cylinders 
o ~96 wt.% (no 236U) 

LANL and ORNL 
o ~93 wt.% 

o (no 236U in COMET) 

o Oralloy 
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 Primary Uncertainty 
Sources 
 Fuel mass 

 Fuel dimensions 

Measured distances 

 High-Precision-
Experiment 
Uncertainty Sources 
 Experimental methods 

or measurement 

 Limitations on 
“minimum” measurable 
quantities 

 Placement between 
components 



    

 

Calculated Results (Figure) 

 

9 

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

"L
ad

y 
G

o
d

iv
a"

C
O

M
ET

G
O

D
IV

A
 IV

| 
   

   
  

| 
   

   
  

| 
   

   
  

G
O

D
IV

A
 IV

V
N

IIT
F 

Sp
h

e
re

V
N

IIT
F 

C
yl

in
d

e
r

V
N

IIT
F 

C
yl

in
d

e
r

V
N

IIE
F 

Sp
h

e
re

TI
N

K
ER

TO
Y

| 
   

   
  

| 
   

   
  

| 
   

   
  

TI
N

K
ER

TO
Y

TI
N

K
ER

TO
Y 

2

| 
   

   
   

 

| 
   

   
   

 

| 
   

   
   

 

| 
   

   
   

 

| 
   

   
   

 

TI
N

K
ER

TO
Y 

2

O
R

C
EF

 S
la

b

O
R

C
EF

 S
la

b

O
R

C
EF

 C
yl

in
d

e
r

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

| 
   

   
   

   

O
R

C
EF

 C
yl

in
d

e
r

G
R

O
TE

SQ
U

E

O
R

SP
H

ER
E

O
R

SP
H

ER
E

(C
-E

)/
E 

%



    

 

Spheres, Slabs, and Cylinders 

Consolidate data 
for basic 
geometries 

Combined 
correlated 
experiments 

Variance-
weighted average 

Standard 
deviation 
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Cross Section Library Comparison 
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Conclusions – I 

ORSphere critical experiments evaluated 

Additional measurements being evaluated for 
inclusion within IRPhEP Handbook 

~70 pcm uncertainty 

ENDF/B-VII calculations within 0.2% (3σ) 

Higher precision experiments than GODIVA 

o MCNP + ENDF/B-VII tailored to fit to GODIVA 

o Revision of HEU-MET-FAST-001 uncertainties might be 
necessary 

– Currently ~100 pcm 

– Expect ~180 pcm 
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Conclusions – II 

 Comparison of 46 bare HEU benchmark 
experiments 
Basic spherical, slab, and cylindrical geometries are 

within 3σ of the benchmark values 
o When accounting for variations in correlated experiments 

with increased uncertainties 

Reasonable results for spheres and slabs 

Cylindrical system calculations appear low 
o Even for complex systems with cylinders 

o Need to investigate scatter in ORCEF cylinders 

Selection of nuclear data library has larger impact on 
calculated results than variations within a given 
experimental series 
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Questions? 
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Extra Slides 
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The Benchmark Evaluation Process 



    

 

Bare HEU Benchmark Experiments – LANL 

Los Alamos National Laboratory 

GODIVA (1) : HMF-001 

COMET (1) : HMF-078 

GODIVA IV (5) : HMF-086 
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Bare HEU Benchmark Experiments – VNIITF 

Russian Federal Nuclear Center – Institute of 
Technical Physics (RFNC-VNIITF) 

Sphere (1) : HMF-008 

Cylinders (2) : HMF-015, -065 
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Bare HEU Benchmark Experiments – VNIIEF 

Russian Federal Nuclear Center – Institute of 
Experimental Physics (RFNC-VNIIEF) 

Sphere (1) : HMF-018 
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Bare HEU Benchmark Experiments – ORCEF 

Oak Ridge Critical Experiments Facility 

Slabs (2) : HMF-007 

TINKERTOY (12) : HMF-023, -026 

Cylinders (18) : HMF-051 

GROTESQUE : HMF-081 
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Eigenvalue Calculations 

Monte-Carlo N-Particle (MCNP) 5-1.60 

1050 cycles, skipped 50, 1E6 histories/cycle =1E9 

Statistical uncertainty 0.00002 Δk 

ENDF/B-VII.0 neutron data 

ENDF/B-VII.1 has ENDF/B-VI.8 delayed neutron 
data for uranium isotopes and covariance data 

o Negligible impact on  keff 

Compared against benchmark experiment 
eigenvalue and uncertainty 
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HEU-MET-FAST-001 Uncertainty 

Original 
uncertainty: 

0.3 % corrected 
mass uncertainty 

Perturbation of 
radius, conserving 
density 

Δk of 0.001 (1σ) 

o ONEDANT 

o 27-g ENDF/B-IV 
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Correction Percent Change 

Critical 

Extrapolation 
+2.00 ± 0.20 

Diaphragm 

Correction 
-0.58 ± 0.06 

Incidental 

Reflection 
+0.29 ± 0.15 

Model Defect -0.21 ± 0.07 

Filling Voids (inc. 

Shell Dimensions) 
-0.87 ± 0.17 

Impurity Removal +0.04 ± 0.00 

Total +0.67 ± 0.32 



    

 

HEU-MET-FAST-001 Uncertainty Investigation 

Significant details 
regarding 
uncertainty 
analysis not 
available 

Repetition of 
uncertainty 
±0.32% in surface 

mass 

Δk of 0.00089 (1σ) 
o MCN5 

o ENDF/B-VII.0 
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However… 

Perturbation of 
mass density while 
retaining constant 
radius 

Δk of 0.00265 (1σ) 

Factor of ~3× 



    

 

HEU-MET-FAST-001 Uncertainty Reevaluation 

Divided original 
mass uncertainty 
into components 

Mass 

o Extrapolation 

o Room return 

o Impurity 

Dimensions 

o Support structure 

o Model defect 

o Filling voids 

 

24 

Scaled evaluated 
uncertainties for 
density and radius 
perturbations 
0.25 % mass 

uncertainty 

0.19 % radius 
uncertainty 

Δk of 0.00213 (1σ) 
o Comparable to other 

LANL experimental 
uncertainties 

 



    

 

HMF-051 Room Return Revision 
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