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What is covered in fuel performance analysis[1]:
• Pressure build-up in buffer layer
• Heat generation and transfer from the kernel
• Anisotropy effects and kernel migration
• Fission product build-up and release
• Chemical effects
• Thermomechanical behavior (irradiation induced)
• Fuel failure mechanisms and failure fraction

Why quantifying uncertainties is important?
• Manufacturing source of uncertainties (geometry and materials)
• Model based uncertainties [2]
• Small uncertainty in one model can impact on the accuracy of another model
• Is current design of TRISO the most optimal?



Case description-1
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Irradiation conditions of AGR-2 compacts [3]



Case description-2
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Objective parameters and reference values Characteristics of AGR-2 TRISO fuel particles [3] 

Selected parameter Min value Max value

Gas pressure 833.3486 4149459

Pd penetration 1.12E-08 5.09E-06

SiC stress radial -2.5E+07 -3741415

SiC stress tangential -3.4E+08 -4.8E+07

IPyC failure probability 9.24E-10 0.270195

SiC failure probability 6.52E-14 1.44E-08

Results are performed for 5 equal groups over 
neutron irradiation time.



Case description -3 
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x ref ref-x ref+x ref-2x ref+2x

Parameter uncertainty 

range (+-)

case0 case1 case2 case3 case4

Kernel radius (mm) 4.4 213.35 208.95 217.75 204.55 222.15

Buffer thickness  (mm) 8.4 98.9 90.5 107.3 82.1 115.7

IPyC  thickness  (mm) 2.5 40.4 37.9 42.9 35.4 45.4

SiC thickness  (mm) 1.2 35.2 34 36.4 32.8 37.6

OPyC thickness  (mm) 2.9 43.4 40.5 46.3 37.6 49.2

Kernel density (g/cm3) 0.033 10.966 10.933 10.999 10.9 11.032

Buffer density (g/cm3) 0.01 1.05 1.04 1.06 1.03 1.07

IPyC  density (g/cm3) 0.011 1.89 1.879 1.901 1.868 1.912

SiC density (g/cm3) 0.004 3.197 3.193 3.201 3.189 3.205

OPyC density (g/cm3) 0.007 1.907 1.9 1.914 1.893 1.921

Selected values for uncertainty quantification



Results - distributions
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Results: pressure
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Results: pressure
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pressure results b1_min b1_max b2_min b2_max b3_min b3_max b4_min b4_max b5_min b5_max

kernel_radius 0.22215 0.20455 0.22215 0.20455 0.22215 0.20455 0.22215 0.20455 0.22215 0.20455

buffer_thickness 0.0821 0.1157 0.0821 0.1157 0.0821 0.1157 0.0821 0.1157 0.0821 0.1157

IPyC_thickness 0.0354 0.0454 0.0354 0.0454 0.0354 0.0454 0.0354 0.0454 0.0354 0.0454

SiC_thickness 0.0328 0.0376 0.0328 0.0376 0.0328 0.0376 0.0328 0.0376 0.0328 0.0376

OPyC_thickness 0.0492 0.0376 0.0492 0.0376 0.0492 0.0376 0.0492 0.0376 0.0492 0.0376

kernel_density 10.9 11.032 10.9 11.032 10.9 11.032 10.9 11.032 10.9 11.032

buffer_density 1.07 1.03 1.07 1.03 1.07 1.03 1.07 1.03 1.07 1.03

ipyc_density 1.912 1.868 1.912 1.868 1.912 1.868 1.912 1.868 1.912 1.868

sic_density 3.189 3.205 3.197 3.205 3.197 3.193 3.189 3.205 3.189 3.205

opyc_density 1.893 1.921 1.921 1.893 1.921 1.893 1.921 1.893 1.921 1.893

Min and max cases for the pressure for each batch



Results: Pd penetration
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pd_penetration b1_max b1_min b2_max b2_min b3_max b3_min b4_max b4_min b5_max b5_min

kernel_radius 0.22215 0.20455 0.22215 0.20455 0.22215 0.20455 0.22215 0.20455 0.22215 0.20455

buffer_thickness 0.0821 0.1157 0.0821 0.1157 0.0821 0.1157 0.0821 0.1157 0.0821 0.1157

IPyC_thickness 0.0354 0.0454 0.0354 0.0454 0.0354 0.0454 0.0354 0.0454 0.0354 0.0454

SiC_thickness 0.0376 0.0328 0.0376 0.0328 0.0376 0.0328 0.0376 0.0328 0.0376 0.0328

OPyC_thickness 0.0492 0.0376 0.0492 0.0376 0.0492 0.0376 0.0492 0.0376 0.0492 0.0376

kernel_density 11.032 10.9 11.032 10.9 11.032 10.9 11.032 10.9 11.032 10.9

buffer_density 1.03 1.07 1.03 1.07 1.03 1.07 1.03 1.07 1.03 1.07

ipyc_density 1.868 1.912 1.868 1.912 1.912 1.868 1.912 1.868 1.912 1.868

sic_density 3.189 3.205 3.189 3.201 3.189 3.201 3.197 3.205 3.197 3.205

opyc_density 1.921 1.893 1.921 1.893 1.921 1.893 1.921 1.893 1.921 1.893

Min and max cases for the Pd penetration for each batch



Results - radial stress
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Results of analysis of the tangential stress on SiC layer



Results-tangential stress
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Results of analysis of the tangential stress on SiC layer



Results - failure fraction
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Summary

• Fuel performance analysis of TRISO fuel are
important for safety and licensing
perspectives

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

• Even small uncertainties in TRISO geometry
can cause an important impact on buffer
pressure and SiC max tangential stress
values

• The results can be used for TRISO fuel
optimization analysis for high burnup values

• For the overall quantification of the
uncertainty impact and optimization
analysis one should consider also the
neutrons, thermos-hydraulics and other
mechanisms.

Full results are available here:  
https://doi.org/10.1016/j.nucengdes.2023.112401



Literature

1. Nairi Baghdasaryan & Tomasz Kozlowski (2020), Review of Progress in Coated Fuel Particle Performance

Analysis, Nuclear Science and Engineering, 194:3, 169-180, DOI: 10.1080/00295639.2019.1686882

2. Nairi Baghdasaryan & Tomasz Kozlowski, Pressure buildup analysis of TRISO-coated fuel particles, Nuclear

Engineering and Design, Volume 380, 2021,111279, ISSN 0029-5493

3. J.D. Stempien , J.D. Hunn , R.N. Morris , T.J. Gerczak , P. Demkowicz , AGR-2 TRISO Fuel Post-Irradiation

Examination Final Report, Technical Report INL/EXT-21-64279, Idaho National Laboratory, Idaho Falls, ID

United States, 2021.

4. W Jiang, et al, Efficient High-Fidelity TRISO Statistical Failure Analysis using BISON: Applications to AGR-2

Irradiation Testing, JNM, 153585, 2022

5. Jian Li, Jun Sun, Ding She, Lei Shi, Influence of input data uncertainties on failure probability of TRISO-coated

particle, Annals of Nuclear Energy, 163 (2021) 108561

6. Rong Li, Bing Liu , Karl Verfondern, The study of irradiation-induced failure behavior for the TRISO-coated fuel

particle in HTGR, Journal of Nuclear Materials, 516 (2019) 214e227

7. Heinz Nabielek, Werner Schenk, Werner Heit, Alfred-Wilhelm Mehner & Daniel T. Goodin (1989) The

Performance of High-Temperature Reactor Fuel Particles at Extreme Temperatures, Nuclear Technology, 84:1, 62-

81, DOI: 10.13182/NT89-A34196



New reactor concepts and safety analyses for the Polish Nuclear Energy Program
POWR.03.02.00-00.I005/17 

Division of Nuclear Energy and Environmental Studies

Thank you for your attention!

Nairi Baghdasaryan

nairi.baghdasaryan@ncbj.gov.pl


