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High-Temperature Gas-Cooled 
Reactor  (HTGR) Fuel Is Different Than 

Light-Water Reactor (LWR) Fuel

Composition (wt%) Function (wt%)

80.0% Graphite
Block

94.5% C

8.1% Coated
Particle Fuel

2.5% Fuel

11.9% Fuel
Stick Carbon

3.0% SiC



The HTGR Fuel Micro Spheres are 
Embedded in a Larger Graphite Matrix
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Micro-Sphere Cross Section 

• Uranium oxides 
and/or carbides

• Multiple layers of 
carbon

• Silicon Carbide
− Outer layer
− Mechanically tough
− Chemically resistant



Differences In SNF Composition 
Suggest Different Final Waste Forms

• HTGR characteristics
− Oxide fuel: ~3%
− Clad: 97%

• Graphite
• Other Carbon
• Silicon carbide

• Waste form 
constraints
− Graphite contains 14C
− Carbon-14 radioactive
− No atmospheric release

• LWR characteristics
− Oxide fuel: 60+%
− Clad (metal): ~30%

• Waste form 
constrains
− 15 to 25% waste oxides
− Remainder: glass 

formers



03-046

Early (1970s) Designs of HTGR Processing Facilities Burned the 
Graphite and Released the Carbon As CO2 to the Atmosphere 

H2O (3H)

Iodine (129I)

Krypton (85Kr)
Carbon Dioxide (14CO2)

SNF

Product
- Fissile
- Fertile

HLW Glass

SiO2



Later (mid 1970s) Designs of HTGR Processing Facilities 
Burned the Graphite, Reacted the CO2 With Ca(OH)2 and 

Produced Calcium Carbonate (CO3)
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Conclusions From 1970s Processing 
Studies and Path Forward

• Graphite with 14C could not be burned and 
release to the atmosphere

• HTGR processing is very expensive because 
of the graphite waste management issues
− 94+% of the SNF

• Need to consider new approaches
− Avoid massive waste generation (CaCO3)
− Minimize off-gas handling

• Two approaches identified



Approach A
Burn Graphite and Sequester Carbon Dioxide

(Use Greenhouse Gas Sequestration Research; Option Requires Appropriate Site)
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H2O (3H)
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Graphite-Carbon High Level 
Waste Form (GC-HLW)
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- SiC
- Fuel Stick Carbon

SNF

Product
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- Fertile

Approach B: Do Not Burn Graphite
(Applicable to Any Site)
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Carbon Waste Volume Depends On  the 
Waste Form for 14C Wastes

Graphite Calcium Carbonate
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Production of the Graphite 
High-Level Waste Form
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The First Step Is the Mechanical Separation of 
Fuel Sticks From the Graphite Block
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Production of the Graphite 
High-Level Waste Form
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Carbon-Graphite Waste Forms Have The 
Potential For Outstanding Performance

• Yucca Mountain examined graphite waste 
packages because of chemical durability
− Natural analogues with very long lifetimes
− Not chosen because brittle failure modes 

• Oxidation rates extremely low 
− Hundreds of millions of years
− No fire potential: SiC oxidizes to SiO2 layer

• Low permeability (if appropriately treated)



Status of Graphite/Carbon Waste Form

• Graphite industry experience in forming 
graphite/carbon materials
− Significant loadings of various elements
− Low permeability products with proper binder
− Fast fabrication methods

• Nuclear industry experience in graphite 
treatment
− Fuel fabrication
− Treatment of graphite moderators from 

decommissioning graphite reactors (Reduce 
permeability of final waste form)



Conclusions
• Analysis of  HTGR flowsheets shows 

major benefits with new waste forms
• Experience in the graphite and nuclear 

industries indicates the potential for 
outstanding performance

• Experimental program planned
• Waste form may be applicable to other 

waste streams



Backup Slides
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The HTGR Fuel Is Primarily Carbon

Composition (wt%) Function (wt%)

80.0% Graphite
Block

94.5% C

8.1% Coated
Particle Fuel

2.5% Fuel

11.9% Fuel
Stick Carbon

3.0% SiC



Historical Approach To Processing 
HTGR Spent Nuclear Fuel

• Remove carbon from fuel by burning
• Use traditional (LWR) fuel processing 

techniques
− Purex
− Borosilicate high-level waste

• Results
− Environmental issues
− Large waste volumes
− High costs



Carbon Is the Preferred Waste Form
(If Technically Feasible)

• Options
− Option 1: Carbon waste forms
− Option 2: Burn carbon in SNF element

• Trap CO2 with Ca(OH)2 to form CaCO3

• Convert fission product oxides to high-level waste glass

• Density of carbon in waste forms determines 
waste volumes
− Option 1: Graphite: 2.25 g/cm3

− Option 2: 
• HLW glass
• CaCO3: 0.35 g-carbon/cm3 (remainder is calcium and 

oxygen, high volume option)
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Alternative Waste Products From Different 
HTGR Process Options
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