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Introduction and Motivation

Being able to bridge lower length-scale calculations with the engineering-
scale simulations of fuel performance codes requires the development of
dedicated intermediate-scale codes. In this work, we present SCIANTIX,
a recently developed code which aims to fill this gap. SCIANTIX is a 0D
stand-alone computer code under development at Politecnico di Milano
since 2016. It is designed to be included as a module In existing fuel
performance codes (e.g., TRANSURANUS, BISON, GERMINAL,
FRAPCON/FRAPTRAN).

SCIANTIX Features

SCIANTIX contains models describing Inert gas behaviour, fuel
microstructure, evolution of minor actinides, thermal and mechanical
properties at the scale of a fuel grain, represented as a point (i.e., 0D).
The models available in SCIANTIX (covering Iintra- and inter-granular inert
gas behaviour, and high burnup structure formation and evolution as well)
are physics-based and not correlation-based. This allows overcoming
current limitations In fuel performance codes, where meso-scale
phenomena are generally accounted for through correlations.

Example of multi-scale modelling in SCIANTIX (w/ V&V)
Intra-granular bubble evolution

Validation strategy
e
s || = . ach mode
1 EEEEE Numerical validated against LLS data
““““““““““ approach Global assessment within
fuel performance codes

NNNNNNNNN

OOOOOOOO Implicit first order
" solvers for ODEs
Spectral algorithms for PDEs
Tools for total Monte Carlo
UA & SA (scaling factors)
Verification with MMS

TIME SCALE

Physics-based
models

Available in open literature
Include info from LLS
Calculate quantities
of interest for FPCs

gitlab.com/poliminrg/sciantix

Separate effect

experiments
SEM//TEM
IMAGES
FIB, EPMA, KEMS

INFUSIONS
Lower-length etc.
scale studies

BASIC
MECHANISMS
FUNDAMENTAL
PROPERTIES
etc.
Baker, J. Nucl. Mater,, 1977
Cluster
Dynamics

o0
o

2 nm -
“P s

® - 0.1 ps

/ N\

o Sciantix

Govers et al,, J. Nucl. Mater,, 2012

Validation within FPCs

. Risg-3 AN8
Cou pl I ng T EPMA relsult . .
| 08|~ o goneroeg
Internal coupling 01|
MIT license

—_———— =

: : “.’-‘. ‘ B Is 0 N
0.4 0.6 0.8 1

0.0 0.2 .0

Relative radius (/)

Intragranular_bubble concentration[l] =

Solver: :Decay(Intragranular_bubble_concentration[@],

resolution_rate,
nucleation_rate,

dTime_s);

Validation against LLS data
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10—10 ’

Model equations N
inline with use in FPCs

-

(=)
N
i

Pizzocri et al., J. Nucl. Mater, 2018

( ON ks
N=) cn =y —aN 3 e
<E=DVcl—ﬁﬁN—|—aﬁm+G—2y 3 !
ney, om £
ﬁ_nzzjz m |5 = v+ BN —aam g "
N N 2
K

—
R
—_—
N
o
N
[N] IAN

1623 1624
Bubble concentration (m™3), Measured

0.5 ps 1.0 ps

SPACE SCALE

Conclusions SCIANTIX is recently developed meso-scale module including inert gas behaviour models and extendable to different phenomena/
properties. It is available opensource and suitable for coupling with fuel performance codes and for stand-alone use as well (e.g., for the
design/interpretation of separate effect experiments). It represents a platform for model development, testing and V&V. (verification embedded via MMS).




