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What is covered in fuel performance analysis:
• Pressure build-up in buffer layer
• Heat generation and transfer from the kernel
• Anisotropy effects
• Kernel migration
• Fission product build-up and release
• Chemical effects
• Thermomechanical behavior (irradiation induced)
• Fuel failure mechanisms and failure fraction

Questions need an answer:
• What is the allowable max burnup level ?
• What are the optimal geometric and material properties ?
• How operational conditions affect of fuel performance ?
• How much radioactive material will go out from TRISO during 

operational/accidental conditions ?
• What is the failure fraction of the fuel particles?
• Etc …

Examples of various AGR-1 irradiated 
particle microstructures [2]
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Why quantifying uncertainties is important?

• Manufacturing source of uncertainties (geometry and materials)
• Model based uncertainties
• Many phenomena are cross-dependent
• Small uncertainty in one model can have a big impact on the 

accuracy of another model
• Is current design of TRISO the most optimal?
• Doing experiments are not cheap and not fast
• Even experiments are uncertain
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A key part of CRP-6 includes benchmark calculations with fuel 
performance models under normal HTGR operating conditions. 
The normal operation benchmarking has been structured in 
two phases:

• Phase 1: a series of simplified analytical benchmarking 
problems have been established as a way to ‘calibrate’ the 
codes and/or models.

• Phase 2: the codes and/or models will be used to calculate 
more complicated benchmarks of actual experiments that 
have been completed and of planned experiments.

Total benchmarking problems: 13
Participating countries:  USA (INL,GA), France, 

UK, Russia, Korea, Turkey

Advances in HTGR Reactor Fuel 
Technology,” IAEA-TECDOC-CD-1674 [3]
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Analytical Problems Experiment-Based Problems



About FRAT

The methods, models, and libraries used by FRAT[4] are 
outlined below:

• The amounts of fission gases provided by the reactor core 
inventory code are adopted by FRAT.

• FRAT uses ideal gas law or Redlich-Kwong gas state 
equation for internal gas pressure calculation.

• FRAT adopts Miller’s analytical solution for stress-strain-
displacement analysis for TRISO-coated fuel particle.

• Weibull strength theory is adopted by FRAT for particle 
failure fraction determination.
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Case description: 

A full three layer (TRISO) coated particle with a 500μm diameter kernel under realistic 
service conditions: 
• IPyC/SiC composite with constant creep and neutron dose dependent swelling 
• Linearly raising pressure dependent on burnup (from 0 to 26.20 MPa). 
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Case description: 

A full three layer (TRISO) coated particle with a 500μm diameter kernel under realistic 
service conditions: 
• IPyC/SiC composite with constant creep and neutron dose dependent swelling 
• Linearly raising pressure dependent on burnup (from 0 to 26.20 MPa). 



Results: Case 2

10/16

HFR-K3/2 : Total gas pressure as a function of burnup
Case description: 

HFR-K3/2 experiment [5]

LEU TRISO coated particles 
with a mean kernel diameter 
equal to 497 μm in a pebble 
irradiated 359 days until 10% 
FIMA and 5.3 ∗ 1025n/𝑚2
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HFR-K3/2 : SiC stress as a function of burnup

Case description: 

HFR-K3/2 experiment [5]

LEU TRISO coated particles 
with a mean kernel diameter 
equal to 497 μm in a pebble 
irradiated 359 days until 10% 
FIMA and 5.3 ∗ 1025n/𝑚2
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To conclude:
• Fuel performance analysis of TRISO fuel are important for safety and licensing 

perspectives
• Uncertainty quantification in fuel performance analysis is complex but very 

important
• Preliminary results show that FRAT code is suitable for such analysis, but 

further verification is needed
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