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The Very High Tempera-
ture Reactor (VHTR) 
Technology Develop-

ment Office Program is 
working to develop high 
temperature gas-cooled 
reactor (HTGR) technology 
that will meet the commercial 
needs of a wide range of 
industrial end users. Idaho 
National Laboratory (INL) 
manages the research and 
development of NGNP for the 
Department of Energy (DOE).

A key element of the NGNP 
Fuel Development and 
Qualification Program is the 
development of fuel perfor-
mance models. Fuel perfor-
mance modeling addresses the 
structural, thermal, and 
chemical processes that can 

lead to coated-particle 
failures. It considers the effect 
of fission product chemical 
interactions with the coatings, 
which can lead to degradation 
of the coated-particle proper-
ties. Fission product release 
from the fuel particles and 
transport in the fuel compact 
matrix and fuel element 
graphite is also modeled. 
Computer codes and models 
will be further developed and 
validated as necessary to 
support fuel fabrication 
process development and plant 
design and licensing. While 
useful, currently available 
models are not fully adequate. 
Models will continue to 
evolve throughout the fuel 
development phase and into 

the period of commercial fuel 
manufacturing and power 
generation. The goal is to 
develop first-principles-based 
models of coated-particle fuel 
that can be used to:

•  Guide current and future 
particle designs

•  Assist in irradiation and 
safety experiment planning

•  Predict observed fuel 
failures

•  Allow more accurate 
calculation of fuel behavior 
under anticipated operating 
conditions and modest 
extrapolation of fuel 
performance outside the 
existing performance 
envelope
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Three-dimensional finite 
element model of TRISO-

coated fuel particle used for 
stress analyses.
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•  Develop a prioritized list of 
material properties and 
constitutive relations 
needed for the accurate 
modeling of coated-particle 
fuel under normal and 
off-normal conditions

•  Develop advanced models 
that take advantage of new 
data and methods

•  Benchmark models/codes 
against U.S. and interna-
tional irradiation and safety 
experiments, where possible

•  Develop fuel performance 
models that reflect a 
fundamental understanding 
of potential failure mecha-
nisms and how these 
mechanisms depend on the 
irradiation conditions and 
the materials constituting 
the fuel.

Accurate fuel performance 
modeling requires improved 
material properties and 
constitutive relations. INL has 
initiated development of the 
fuel performance modeling 
code, PARFUME, to address 
these requirements.
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The following failure mecha-
nisms under irradiation are 
considered: pressure boundary 
failure, cracking or partial 
debonding of inner pyrolytic 
carbon (IPyC), particle 
asphericity, kernel migration, 
and fission product attack. 

Under accident conditions, the 
following are considered: 
fission product attack, silicon 
carbide (SiC) thermal decom-
position, increase in SiC 
permeability/SiC degradation, 
oxidation of the SiC layer, 
and rapid energy deposition. 
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