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Dr. Madeline Feltus has led the DOE Office of Nuclear Energy’s Advanced Gas Reactor 
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writing and providing input for OECD NEA Experts Committee reports, IAEA technical 
documents, and reviewing manuscripts for technical journals. She is responsible for providing 
technical support and managing various university grant projects, vendor/industrial projects and 
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Prior to joining DOE in 1999, Dr. Feltus was an assistant professor of nuclear engineering at the 
Pennsylvania State University (1991-1999).  Madeline received her B.S. in Nuclear Engineering 
from Columbia University in 1977.  While working full-time as a nuclear engineer at Burns and 
Roe, Public Service Electric and Gas (N.J.) and the New York Power Authority, she continued 
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Ph.D. in Nuclear Engineering (1990) with her thesis on 3D time-dependent coupled kinetics-
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Presentation Outline
 TRI-Structural ISOtropic(TRISO) Particle Fuel 

Fundamentals

 DOE’s Advanced Gas Reactor (AGR) TRISO Fuel 
Program Overview, Timeline and Status

 AGR TRISO Fuel Program Element Details

 AGR TRISO Fuel Program Results 

 Beyond the DOE AGR TRISO Fuel Program: 

─Commercial Fuel Fabrication, Qualification and 
Licensing

─Future TRISO-Fueled Reactor Concepts 

 References for Further Information
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TRISO coated particle fuel



TRISO Particle Fuel 
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TRISO Particle Fuel Design

7



TRISO Particle Coatings Retain 
Fission Products
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U.S. and German Historical TRISO Fuel 
Experience

9



TRISO Particle Fuel Performance Improvement 
Excellent TRISO fuel fabrication and performance is needed for high 
temperature gas-cooled reactor (HTGR) deployment 

 Understand the interplay 
between fuel fabrication 
specifications, production 
methods, and irradiation 
performance results 

 Learn from past U.S. and 
German TRISO experience

 Use UCO vs. UO2 kernels 
to provide superior fuel 
performance at high 
burnup

 Innovation based on solid 
science, not by using a 
“recipe” trial method

10Adapted from http://www.addletters.com/bart-simpson-generator.htm#.XfcRqOhKiDk

http://www.addletters.com/bart-simpson-generator.htm#.XfcRqOhKiDk


TRISO Particles act as individual fission product 
“Containments” for Gas-Cooled Reactors
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 
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Advanced Gas Reactor TRISO Fuel 
Qualification Program Approach (cont.)
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 
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AGR TRISO Particle Fuel Fabrication Development 
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 
 B&W completed qualification studies for AGR TRISO fuel  particle and compact manufacturing process in 

March 2012. 
 B&W’s completely automated compacting machine can make high packing fraction, very dense compacts 

~5-10 per minute. 
 B&W made AGR-5/6/7 fuel specimens during FY 2014-2016.
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 

AGR-1: Shakedown capsule, 
ORNL lab-scale fuel, to show new 
process parameters could fix 
historical fuel fabrication problems
AGR-2: Demonstrate engineering 
scale UCO and UO2 TRISO particle 
performance, with lab-scale 
compacting, that fuel works at very 
high temperature gas cooled reactor 
(VHTR) service conditions. 
AGR-3/4:  Designed-to Fail particles 
(20) in center of compact with driver 
fuel in ORNL compacts.  
AGR-5/6/7:   Fuel produced in fuel 
vendor’s pilot fuel fabrication line, is 
qualified for reactor operating 
envelope and safety margin 
conditions with 95%/95 confidence 
statistical quantities of fuel
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 

AGR Experiments Fuel Temperature “waterfall” vs. TRISO Fuel Temperatures in HTGRs
21

AGR-1 Time at Temperature
10% of the AGR-1 fuel experienced temperatures of 
1300°C for 100 to 200 days, and a few percent experienced 
temperatures in excess of 1400°C for 50 days.



Advanced Gas Reactor TRISO Fuel 
Qualification Program 
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 
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AGR-2, AGR-3/4 R/B per failed 
particle vs. historical tests:
 AGR-2, AGR-3/4 consistent R/B 

data, comparable to historical tests.
 AGR fuel has lower correlated R/B 

as a function 1/T, showing robust 
performance. 

 AGR-3/4 results be used by HTGR 
designers to estimate fission gas 
releases for source term 
calculations. 

 Combined AGR fitted line and R/B 
per failed particle data for AGR 
irradiations, historical irradiations, 
and models (the blue shaded area 
is 95% bounds of the fitted line). 

Advanced Gas Reactor TRISO Fuel 
Qualification Program 
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AGR-5/6/7 irradiation test
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High Temperature Accident Safety 
Testing of TRISO Fuel
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High Temperature Accident Safety 
Testing of TRISO Fuel
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Advanced Gas Reactor TRISO Fuel 
Qualification Program 
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Beyond the AGR TRISO Program 

TRISO fuel vendors:
 X-energy pilot line at ORNL
 X-TRISO facility under 

design
 BWXT removed AGR 

TRISO      pilot scale 
equipment,  but intends to 
rebuild capability

 TRISO fuel vendor’s 
commercial “proof fuel” will 
need to be irradiated 
(“AGR-8”), PIEs and safety 
tested under NRC’s 10 CFR 
Appendix B Rule, and will 
be compared to AGR 
TRISO Program results 
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Beyond the AGR TRISO Program 
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Reactor Design Concepts and Advanced Fuel Designs Using TRISO Fuel
Beyond the AGRTRISO Program 

Abbreviations:
FCM Fully Ceramic Micro-Encapsulated 
CANDU Canadian Deuterium U reactor
HTGR High Temperature Gas Reactor
LWR Light Water Reactor
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TRISO Fuel – General and Historical 
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Any questions? 
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29 January 2020 Thermal Hydraulics in Liquid Metal Fast Reactors Dr. Antoine Gerschenfeld, CEA, France

26 February 2020
at 8 pm (EST)

SFR Safety Design Criteria (SDC) and Safety Design 
Guidelines(SDGs)

Mr. Shigenobu Kubo, JAEA, Japan

26 March 2020 MicroReactors: A Technology Option for 
Accelerated Innovation

Dr. DV Rao, LANL, USA and Dr. Jess Gehin, INL, USA



Backup slides
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TRISO coated fuel retains fission products during normal 
operations and design basis accidents
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 UCO (UCxOy) is UO2 with UC and UC2 added
 UCO designed to provide superior fuel performance at high burnup
─ Kernel migration suppressed (most important for prismatic designs because of larger thermal 

gradients)
─ Eliminates CO formation; internal gas pressure reduced
─ Fission products still immobilized as oxides
─ Allows longer, more economical fuel cycle

 UCO fuel kernels are used in the reference Next Generation Nuclear Plant High Temperature 
Gas Reactor prismatic block fuel reactor design

 Potential higher burnup alternative for pebble bed HTGRs

TRISO Particle Fuel Design

Improving TRISO Fuel Performance using UCO Fuel Kernels vs. UO2 Kernels 
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Comparison of AGR-1 and AGR-2 Particles to 
Historical NPR, Japanese and German data 
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Advanced Gas Reactor TRISO Fuel Qualification Program 
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