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Enhanced Accident Tolerant Fuel 
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SiC/SiC : Path to ATR Irradiation and Commercial LTR  of ATF 

•  Key performance issues are addressed on path to high-value irradiation and development. 
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Feasibility Issues 
Steam-Oxidation 
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SiC Matrix 
SiC Shell 

Fuel 
& FP 

Attack and Recession 

Progress Since Last OECD Meeting 
- Mapping of SiC steam Attack - 

•  Steam attack on SiC has been 
catalogued from 900-1600°C as a 
function of pressure and 
mechanisms determined. 
•  Publication in Journal of Nuclear 
Materials  
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mechanisms determined. 
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Materials  
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SiC/SiC : Path to ATR Irradiation and Commercial LTR  of ATF 

•  Key performance issues are addressed on path to high-value irradiation and development. 
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Progress Since Last OECD Meeting 
- Thermal Shock - 

• Thermal shock viability of SiC/SiC channel box prototype successfully demonstrated. 



Progress Since Last OECD Meeting 
- Design- 
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• JNM publication of an analysis to determine the 
possibility/probability of failure, as determined by FP release of 
SiC tubes.  Analysis suggests fully ceramic designs will not hold 
FP. 



SiC/SiC : Path to ATR Irradiation and Commercial LTR  of ATF 

•  Key performance issues are addressed on path to high-value irradiation and development. 
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Progress Since Last OECD Meeting 
- Environment- 

• Irradiation Creep : Fundamental mechanisms published JNM. 
• Irradiation Damage : Handbook of SiC composite properties 
published in JNM. 
• Results of successful joining study published in JNM.  Study to 
be completed to full LWR lifetime dose. 

Torsion Specimens 

Irradiation Vehicle 



SiC/SiC : Path to ATR Irradiation and Commercial LTR  of ATF 

•  Key performance issues are addressed on path to high-value irradiation and development. 
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SiC/SiC : Path to ATR Irradiation and Commercial LTR  of ATF 

•  Key performance issues are addressed on path to high-value irradiation and development. 
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Advanced Steel: Path to ATR Irradiation and Commercial LTR  of ATF 

•  Key performance issues are addressed on path to high-value irradiation and development. 
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Advanced Alloys: Progress Since Last OECD Meeting 
- Accident Testing, Properties & Material Development- 
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Phase 1 Alloys : Establish kinetic boundary 

to 1500°C steam oxidation 

Tmelt 



Phase I: Tensile Properties 

• Cr and Al levels do not significant impact tensile properties. 

Alloy Tested  at YS, MPa UTS, MPa Uniform EL, % 

ORNL FeCrAl (Phase I) 
>30-50 micron grain 

RT 389 ± 38 483 ± 33 15 ± 3 

300°C 262 ± 8 399 ± 29 12 ± 2 

ORNL FeCrAl (Phase II) 
~1 micron grain 

RT 629 811 12 

APMT 
(Fw-22Cr-5Al base) 

RT 576 608 0.7 

300°C 379 680 20 

Min. requirements for 
Zircaloy 2 or 4 

RT 240 415 14 

316°C 105 215 24 

Table: Tensile properties of the FeCrAl alloys and min. requirements or Zircaloy 2 or 4 in ASTM B351  

Fe17Y2 

ATF Phase I Alloy 



302SS Spring SiC Pellets Weld 
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Advanced Alloys: Progress Since Last OECD Meeting 
- Welding and Tube Fabrication - 

  



Fully Ceramic Microencapsulated (FCM)Fuel 

LTR 

ATR ATF-1 

&  

Halden 
LOCA 

 

Material 

Database 

Commercial 
Tube &  

Vender 
Interface 

Accident 

Testing 

 

Economics 

Irradiation 

FCI 

 

 

UN and 
FCM Fab. 

Safety, 

Operation 

 

Cladding: 

Zircaloy, SiC, SS

Pellet-Cladding 

Gap

TRISO 

Particle



FCM : Progress Since Last OECD Meeting 
- Fabrication - 

• Routine fabrication of 40-45 v/o 
material with protective overcoating. 
 
 
 

• Kernel fabrication to 92 % density. 
 
•  Mechanisms and properties published in 
JNM articles. 
 



FCM : Progress Since Last OECD Meeting 
- Fabrication - 

• Irradiation completed to 2/3 lifetime to determine key feasibility: 
 
1) Fuel Clad Interaction : No Interaction with Zircaloy 
 
2)  Swelling and Conductivity of Matrix Similar to CVD SiC. 
 
 
 
 
 
 
 



FCM : Progress Since Last OECD Meeting 
- Fabrication - 

• Irradiation completed to 2/3 lifetime to determine key feasibility: 
 
1) Fuel Clad Interaction : No Interaction with Zircaloy 
 
2)  Swelling and Conductivity of Matrix Similar to CVD SiC. 
 
3)  Integrity of TRISO constituents under LWR irradiation OK. 
 
 
 
 
 
 
 

7.5 1025 n/m2 E>0.1 MeV, ~320 C 

Matrix SiC

Debonding

Kernel

Published in Special ATF Edition of JNM  



Moly: Path and Progress to ATR Irradiation and Commercial LTR  of ATF 

•  Key performance issues are addressed on path to high-value irradiation and development. 
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•  Thin tube forming drawing 
•  Steel coating 
•  Steam attack 
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Publication of ATF Papers in Special ATF Edition of  
Journal of Nuclear Materials 
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