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MMSNF 1n a nutshell

Scope

- The workshop series aims at stimulating research and discussions on models and
simulations of nuclear fuels and coupling the results into fuel performance codes [1].

- Although centered on multi-scale model development and computer simulations,
close connections to theory, experiment and technology are encouraged

Format

- Annual, itinerant (Americas, Europe, Asia)

- Every two years is part of the NuMat conference

- All talks are plenary (no parallel sessions) plus poster session

- All talks are contributed (no invited)

- The Chair of the Local Committee is also Program Chair and decides on the
agenda, in consultation with the International Committee

- Each edition includes a new, “hot topic” session proposed by the Local Committee

Other

- Small registration fee
- Some support for students

[1] M. Stan, LANL Report LA-UR-05-5652
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MMSNF-1, Santa Fe, USA, June 9-10, 2003

Marius Stan, Ken Chidester, Mike Baskes, Ken McClellan, Shao Ping Chen (LANL) and Robin
Grimes (Imperial College)

The advent of “Modeling” and “Simulations”

“Towards Building Modeling and Simulation for Nuclear Fuels Qualification

The goal of this project is to build a set of models and computer programs that are
able to simulate the properties and behavior of the ceramic and metallic nuclear fuel
materials during fabrication, operation, and storage. The programs will use
information about the physico-chemical properties of materials and the dependence of
these properties upon temperature, pressure, composition, irradiation, and other
constraints imposed by the environment or by internal processes.

The computer programs and experimental setups will be grouped in modules able to
simulate phenomena that occur during the various stages of processing the fuel:
nuclear and chemical reactions, formation or decomposition of compounds, phase
transformations, irradiation effects, swelling, creep, etc.

Given accurate data and reliable models for phenomena, the interconnected modules
will guide the technological process of fabrication and assist the fuel operation. The
information will be also useful for monitoring the fuel in storage.

The modules will assist the Nuclear Fuel Qualification”

S M. Stan, MMSNF-1
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MMSNF-1, Santa Fe, USA, June 9-10, 2003

All about multi-scale
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MMSNF-2, New Orleans, USA, Nov. 20-21, 2003

Marius Stan, Ken Chidester, Ken McClellan (LANL), James Tulenko (U. Florida) and Robin Grimes

(Imperial College)

The push for “fuel codes™

Agenda starts with presentations
of FRAPCON, FRAPTRAN,
TRANSURANUS, PLEIADES,
PARFUME, BISMATH,... end
ends with a discussion of
FALCON

Transient Cladding

Steady State Irradiations Ballooning

Thermal and Mechanical
Performance

PCI Intergranular

Pellet Cladding Stress Corrosion Cracking

Mechanical Interaction

Post-CHF Operation

J. Rashid, MMSNF-2




MMSNF-3, Washington DC, USA, Nov. 18-19, 2005

Marius Stan (LANL) and James Tulenko (U. Florida)

The holy trinity: theory, experiment, comput

A more balance approach
includes models, simulations and
experimental results
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MMSNF-4, Washington DC, USA, Nov. 17-18, 206%

Marius Stan (LANL), James Tulenko (U. Florida) and Kemal Pasamehmetoglu (INL)

What fuel?

Nitrides are promising and so are inert matrix and
TRISO fuels. Can MMSNF help with the decision?

Lattice parameter as a function of nonstoichiometry for Zr(1-x)N
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MMSNEF-5, Nice, France, June 1-2, 2006
Martin Kissane (IRSN) and Marius Stan (LANL)

Integration

Following extended discussions of
theoretical, computational and
experimental results, for the first
time a session is dedicated to
integration.

P. van Uffelen, MMSNF-5.



MMSNF-6, Tokyo, Japan, Dec. 13-14, 2007
Tomoyashu Kinoshita and Shuichi Iwata (U. Tokyo)

Thermodynamics

Thermodynamic stability of fuels
and reactor materials is examined
using electronic structure,
molecular dynamics and
CALPHAD methods.

University of Tokyo, MMSNF-6.




MMSNF-7, Karlsruhe, Germany, Sept. 29-30, ZOOP

Paul van Uffelen (EC)
In the spot light

MMSNF gets the attention of national and
international programs such as F-BRIDGE (EC) and
GNEP (USA). Models and simulations are now
“cool”.

Basic Research . Technological
Activities Integration applications for the Gen IV
on fuel systems and Trans fer fuel systems, in particular

“sphere-pac” fuels

1

Direct Impact and “feedback”
on generation IV fuel system:

® Fuel design

® Fuel manufacturing

" |rradiation expenments design

® Prediction of the in-pile behavior

C. Valot, F-BRIDGE program
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MMSNF-8, Albuquerque, USA, Oct. 19-21, 2009

Tim Bartel (SNL), Mark Lusk and Torey Semi (CSM)

Connecting the scales
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MMSNF-9, Karlsruhe, Germany, Oct. 4-7, 2010

Carole Valot (CEA) and Martin Kissane (IRSN)

Yes, we can.

MMSNF is part of the first NuMat conference. Multi-scale predictions of fuel
properties are presented:

“Ab-initio molecular dynamics simulations of actinide materials”
- “Atomistic Modeling of Fuel-Cladding Interaction”
- “Intragranular bubbles impact on nuclear fuel properties”
- “Integrating Mesoscale Models of Microstructural Evolution of Uranium Dioxide

Fuel within Continuum-scale Models of Thermo-mechanical Behaviour of
Nuclear Fuel Elements”

We made significant progress. What's next?



MMSNF-10, Aix en Provence, France, Sept. 26—2§, !Uﬂ

Carole Valot, Marjorie Bertolus (CEA) and Roland Dubourg (IRSN)

Meso-scale
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Fission gas bubble evolution in UO2 during heat treatment

Challenge: Develop models of fuel micro(nano) structures and simulate
the behavior in reactor conditions. Then optimize.

¥ |. Zacharie et al., J. Nucl. Mater. 255 (1998) 92-104
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MMSNF-11, Osaka, Japan, Oct. 21-25, 2012

Toru Ogawa (JAEA)

Heterogeneity

MMSNF is part of the
second NuMat conference.

Heterogeneity is discussed
at atomistic and meso-scale
levels, with impact on
materials design.

\ Osaka, Japan
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MMSNF-12, Chicago, USA, Oct. 14-16, 2013

Tom Ewing (ANL) and TBD (UC)

Extreme conditions

Irradiation effects and high
temperature thermo-
chemistry take center stage.

Millenium Park, Chicago
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