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Advanced modeling and simulation of fission
systems for the present and near -term future

Develop SMR designs Make the nuclear Extend operation of the
that are intrinsically safe  fuel cycle safer and US nuclear power fleet
and economically more efficient beyond 60 years of

service

attractive



Benefits of advanced modeling and
simulation capabilities
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RSICC is the principal distributor of
state -of -the -art codes for reactor and
radiation physics and nuclear safety

MCNP6

SCALE 6.1

MCNP is a generglurposeMonte Carlo N-Particle code that can be
used for neutron, photon, electron, or coupled
neutron/photon/electron transport withareas of application
including, but are not limited to, radiation protection addsimetry
radiation shielding, radiography, medical physics, nuclear criticali
safety, fission and fusion reactor design, decontamination and
decommissioning.

Comprehensivenodeling and simulation suite for nuclear safety

analysis for criticality safety; reactor physics; radiation shielding;
burnupand depletion and source term characterization that incluc
Monte Carlo methods, deterministic methods and hybrid method:




Deterministic and stochastic methods
provide design simulations in distinctly

different ways

A Deterministic methods (e.g., discrete ordinatgs, S
I Solve the Boltzmann transport equation for the average particle behavior

I Produce detailed information throughout the problem space

I Computational inexpensive (relatively)

I Accuracy limited by required approximations
Aspace/ energy/ angle discretization Y

A Stochastic methods (Monte Carlo, MC)

I Simulates individual particles and infers the average behavior from the aver
behavior of the simulated particles
I Highly accurate
A Explicit geometric, angular and nuclear data representation
A Avoids geometric meshing and pmdgpemdent megtioup crossection processiing
easy to use
I Computationally expensive; results have associated statistical uncertainties



MCNP 0O Monte Carlo N 0 Particle

(developed by Los Alamos National Laboratory)

A3D I_\A?nte Carlomany  Criticality Safety:
particle transport 1) To assess the criticality safety

ALarge energy range\(6 of licensed facilities that handle

100s oGe\) fissionable materials. o
A~400 Mawears of Radiation Shielding: (G2)
de\/e|opment 1) To benchmark other shielding
_ and dose calculation computer
A10K+ users world wide codes and methods used by
NRC staff.
AParallel (MPI aramp .
: : 2) 0 To wverii fuy IiC*.':o-'
ASPuCp,pl\(/)I?t‘C, Linux, Unix, Sun dosimetry calculations. ,

AS ubstantial V&V https://laws.lanl.gov/vhosts/mcnp.lanl.

gov/index.shtml

Continuing devel opment of MCNP capabi
ability to model situations that currently are modeled only approximately, particularly
l'n-the 'area of el ectronotransport, whi|c
dosimetry work. - Sami Sherbini, Nuclear Material Safety and Safeguards , NRC




MCNP is a benchmark Nuclear Reactor Design code

VHTR
Very High Temperature
MIT ATR P.WR Gas-Cooled Reactor
Ad d Test R Pressurized Water
Research Reactor vanced Test Reactor Reactor

FAccurate & explicit modeling at multiple levels

LA-UR-10-03667 . . .
FAccurate continuous -energy physics & data 32 OAX,



