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 5 subcritical benchmark 
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 Inherently Safe Subcritical 
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— Existing asset as a training 

assembly
— Modified to reduce uncertainties

Introduction

 Motivation
— Validation of radiation transport 

codes
— Evaluation of nuclear data
— Characterization of fissile 

material systems
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 93.16% 235U

 U3O8 powder + aluminum powder 

 Sandwiched between aluminum 
plates

 19 curved plates per assembly

 232 g 235U per assembly

ISSA Fuel Elements
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Detectors and Alignment Fixture
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 5 Experiments
— 1, 2, 4, 6, and 9 

assemblies

 Multiplication between 
1.8 and 10.9

Experimental Configurations
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Experimental Results
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Experimental Results

Fission Chains
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Experimental Results

Fission Chains
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Experimental Results
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Analysis
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Analysis
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Analysis
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Analysis
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Analysis
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Analysis
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Analysis
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Analysis
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Simulation - Model
 Modeled in 2 transport codes:

 COG Models (LLNL)
— ENDF/B-VII.1 with Terrell’s distribution
— ENDF/B-VIII.0 (multiplicity included)
— ENDF/B-VIII.0 with FREYA

 MORET Models (IRSN)
— ENDF/B-VII.1 with Zucker and Holden
— JEFF3.2 with Zucker and Holden
— JEFF3.2 with FREYA

Brown, D. A., et al. “ENDF/B-VIII.0: The 8th Major 
Release of the Nuclear Reaction Data Library with 
CIELO-project Cross Sections, New Standards and 
Thermal Scattering Data,” Nuclear Data Sheets 148 
(2018) 1–142.
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Simulation Results
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Simulation Results
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Simulation Results

~90 ms
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Simulation Results
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Simulation Results
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Simulation Results
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Simulation Results

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

-500 500 1500 2500

Ti
m

e 
U

nt
il 

N
ex

t D
et

ec
tio

n,
 s

Time, s

~0.09 s (90 ms)

 Source neutron start time given 
by multiplying simulation 
duration by a random number



32
LLNL-PRES-######

Simulation Results

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

-500 500 1500 2500

Ti
m

e 
U

nt
il 

N
ex

t D
et

ec
tio

n,
 s

Time, s

~0.09 s (90 ms)

 Source neutron start time given 
by multiplying simulation 
duration by a random number

 Random number precision:
— 5.96E-08

 Simulation duration:
— 1.52E+06 seconds



33
LLNL-PRES-######

Simulation Results
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1.52 10 6 × 5.96 10 −8 = 0.09
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Simulation Results
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Simulation Results
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Simulation Results
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Simulation Results
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Simulation Results
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Simulation Results
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Simulation Results
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Simulation Results
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 Identified and corrected a non-physical 
artifact in radiation transport code

Demonstrated substantial improvement when 
using FREYA

Provided a dataset for multiplicity community 
to validate new theories and techniques

Conclusions
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Questions



Disclaimer
This document was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor Lawrence Livermore National Security, LLC, 
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States government or Lawrence Livermore National 
Security, LLC. The views and opinions of authors expressed herein do not necessarily state or reflect 
those of the United States government or Lawrence Livermore National Security, LLC, and shall not be 
used for advertising or product endorsement purposes.



46
LLNL-PRES-######

Simulation - Model
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