
1 Managed by UT-Battelle 
 for the U.S. Department of Energy RSICC 

Advanced Software for 

Radiation Physics and 

Safety  

 

 

Timothy E. Valentine, Ph.D. 

Director, Radiation Safety Information 

Computational Center (RSICC) 

http://rsicc.ornl.gov 

 

Reactor and Nuclear Systems Division 

July 31, 2012 

http://rsicc.ornl.gov/
http://rsicc.ornl.gov/
http://rsicc.ornl.gov/


2 Managed by UT-Battelle 
 for the U.S. Department of Energy RSICC 

Advanced modeling and simulation of fission 

systems for the present and near -term future  

Make the nuclear 
fuel cycle safer and 

more efficient 

Extend operation of the 

US nuclear power fleet 

beyond 60 years of 

service 

Develop SMR designs 
that are intrinsically safe 

and economically 
attractive 
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Benefits of advanced modeling and 

simulation capabilities  

Fuel Cycle 
Development: 
ÅExpedite design 

ÅImprove design 
confidence  

ÅGuide fuel testing;  

ÅImprove understanding 
and optimization of the 
fuel fabrication process 

ÅSupport development of 
non-destructive fuel 
examination methods 

Core Design 
ÅEnable/expedite informed 

design optimization 

ÅReduced uncertainties 
and approximations   

Åthat result in excess 
safety margins and 
can lead to poor 
design decisions and 
unnecessary design 
changes 

ÅSubstantial improvements 
in analysis work flow 
(human efficiency) 

 

 

Enhance nuclear 
safety and facility 
capabilities 
ÅProvide more rigorous 

safety basis analyses and 
increased confidence and 
efficiencies in operations  

ÅPredictive capabilities to 
support improved 
utilization 

ÅPotentially enable further 
increase in power 
without redesign 

1 2 3 
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Photon spectrum from fuel in the Unit 4 spent fuel pool 

3D dose rates from Unit 
4 dry spent fuel pool 

Assembly-wise decay heats predicted 

Application of SCALE to Fukushima 

Accident  
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RSICC is the principal distributor of 

state -of -the -art codes for reactor and 

radiation physics and nuclear safety  

Code Description 

MCNP6 MCNP is a general-purpose Monte Carlo N-Particle code that can be 
used for neutron, photon, electron, or coupled 
neutron/photon/electron transport with areas of application 
including, but are not limited to, radiation protection and dosimetry, 
radiation shielding, radiography, medical physics, nuclear criticality 
safety, fission and fusion reactor design, decontamination and 
decommissioning. 

SCALE 6.1 Comprehensive modeling and simulation suite for nuclear safety 
analysis for criticality safety; reactor physics; radiation shielding; fuel 
burnup and depletion and source term characterization that includes 
Monte Carlo methods, deterministic methods and hybrid methods 
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Deterministic and stochastic methods 

provide design simulations in distinctly 

different ways  

ÅDeterministic methods (e.g., discrete ordinates, SN) 

ïSolve the Boltzmann transport equation for the average particle behavior 

ïProduce detailed information throughout the problem space 

ïComputational inexpensive (relatively) 

ïAccuracy limited by required approximations 

Åspace/energy/angle discretization Ÿ more resolution provides higher accuracy 

ÅStochastic methods (Monte Carlo, MC) 

ïSimulates individual particles and infers the average behavior from the average 
behavior of the simulated particles  

ïHighly accurate 

ÅExplicit geometric, angular and nuclear data representation 

ÅAvoids geometric meshing and problem-dependent multi-group cross-section processing ï 
easy to use 

ïComputationally expensive; results have associated statistical uncertainties 
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Criticality Safety: 

1) To assess the criticality safety 

of licensed facilities that handle 

fissionable materials.  

   Continuing development of MCNP capabilities is important to improve the codeôs 

ability to model situations that currently are modeled only approximately, particularly 

in the area of electron transport, which is a very important consideration in NRCôs 

dosimetry work. - Sami Sherbini, Nuclear Material Safety and Safeguards , NRC 

Radiation Shielding: 
1) To benchmark other shielding 

and dose calculation computer 

codes and methods used by 

NRC staff. 

 

2) To verify licenseesô shielding and 

dosimetry calculations. 

Å3D Monte Carlo many 
particle transport 

ÅLarge energy range (eV ð 
100s of GeV) 

Å~400 Man-years of 
development 

Å10K+ users world wide 

ÅParallel (MPI and omp) 

ÅPC, Mac, Linux, Unix, Sun 
support  

ÅSubstantial V&V  
 

MCNP ð Monte Carlo N ð Particle  

(developed by Los Alamos National Laboratory)  

https://laws.lanl.gov/vhosts/mcnp.lanl.

gov/index.shtml 
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MCNP is a benchmark Nuclear Reactor Design code  

MIT 

Research Reactor 

ATR 
Advanced Test Reactor  

PWR 
Pressurized Water 

Reactor  

VHTR 
   Very High Temperature  

Gas-Cooled Reactor  

�‡ Accurate & explicit modeling at multiple levels  
�‡ Accurate continuous -energy physics & data  
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