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2000s 1980s 1960s 

Long History of Robust Microencapsulated Fuel  

ÅTRISO fuel 
adapted  
for high 
temperature 
operation in 
modular HTR 

ÅDeveloped for GEN IV 
program. >19% 
burnup. 

Å3X neutron dose 
performance LWR fuel 

ÅExtension to non-HTR 
application:   

ÅCeramic coated 
particle fuel 
developed for 
extreme 
performance  
in nuclear rockets 
(ROVER/NERVA) 

ÅTRISO used for 
large graphite 
reactors (GCRs) 

Deep BurnñHTGR 

Deep BurnñLWR 

Direct FuelñLWR 

Thoria SeedñLWR 

Direct FuelñAHTR 
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Microencapsulated Fuels in HTRõs 

Deep BurnñHTGR 

 

Deep BurnñHTGR : Transuranic waste (TRU) removed in a single-pass from LWR used fuel 

formed into kernel of TRISO and burned as fuel in classic HTGR. 
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 Cm-244 

Fast Neutron Fluence (>10keV) 

Spent TRISO 

750,000 MWd/ton 

eq. to 7x1021 fast fluence 

TRISO 

tested 8x1021 

(FSV) 

Nominal LWR TRU  

composition 

(DB fresh fuel) 

Effective utilization of 2nd 

generation fissile Pu-241 

Pu-239 and Pu-240 

provide stable reactivity 

LWR Depletion in Thermal Neutron Spectrum  

Å  Pu-239 nearly eliminated.  Main contributors to heat load (Pu-241, Am-241, Pu238) are effectively 

depleted.  ĄHeat load was main driver defining volume of Yucca Mountain Repository 



Fuel Shuffling -HTR Deep Burn  

In the ongoing DOE-NE FCRD program, both operational and 

safety aspects of the HTR Deep Burn are being carried out, both 

in prismatic and pebble bed designs. Fuel utilization and safety 

are not considerably different than for standard UO2 fuels.  

Loading of òfreshó radioactive fuel will be operationally new. 
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Establish 
TRU Coating 

Capability 

Deep Burn ñLWR, under DOE FCRD Program  

Understand and 
Produce High 
Quality CPF 

Establish 
TRU Kernel Capability TRU or U 

Feedstock 

Modeling 

& 

Verification 

ÅFully Ceramic Fuel Compacting 
* Environmental Performance 

 

Irradiation of Pins 
1 TRU Pin, 4 Fresh UO2 Pins  

TRISO 
Irradiation  

Performance 

Å  Conceptually similar to Deep BurnñHTGR, but using existing, commercial LWRõs. 



Graphite Compact for Pebble Bed-HTR 

Graphite Compact for Prismatic-HTR 

LWR Fuel Rod 

Microencapsulated fuel for LWR Application  
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LWR 

Graphite Matrix 

Neutron Fluence (E25 n/m2)        .      



AK2S14  
AGR Surrogate Fuel 

1 mm 

SiC 

Enabling Technology for LWR Application:  

Fully ceramic micro -encapsulated (FCM) fuel  

0.5 mm 

UO2 DV/V=10% 

SiC DV/V=1% 

UO2 at EOL 

UO2 at BOL 

SIC at EOL 

SIC at BOL 

Fuel 

Centerline 

600 

800 

1000 

1200 

1400 

1600 

1800 

ÁK 

10 kW/ft 

T surf.= 620ÁK 

UO

2 

FCM 

SiC Matrix: High conductivity, radiation stable, should not crack 

   or release Fission Produce (FP) gases 

ïGraphite replaced with radiation stable, high conductivity SiC 

ïSiC matrix provides secondary FP barrier 

ïBenign reaction with water under operating/LOCA conditions. 

ïLow centerline temperature in LWRs should eliminate Fission 
Product migration issues, mitigate LOCA concerns 

ïRecently patented and undergoing irradiation FY-11/FY-12. 

1600 



9 Purposeful Mishandling of SiC  Compact  

Å Crack is induced in matrix of compact. 
 

Å Engineering the outer layer of the Coated 

Particle Fuel with a layer of graphite (OPyC) a 

crack will be deflected around pressure 

vessel:  Ą no FP releaseé. 

 

No OPyC 

No OPyC and SiC (BISO) 

SiC Compact 

Matrix 

Crack !! 
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FCM fuel compact  

(fuel pin) 

TRU Fuel Density 500ς 1000 TRISO particles/cm 

TRU Power 
Production 

0.2ς0.3 W/particle 
Experience to 1 W/particle 
Linear Power per Rod = 20 kW/m 

Fuel 
kernel 

Outer PyC coatings 

SiC coating 

Inner PyC coating 

Buffer (C) 

Coated fuel 
particle (TRISO) 

BP 
kernel 

PyC coating 

Buffer (C) 

Coated BP 
particle (BISO) 

Fuel compact 

  

1.0 cm 

0.819 

Burnable poison 
(Gd)  
can also be 
manufactured  
in fuel kernel 

Coolant 

Cladding 

Gap 

Fuel 

1.286 cm 

0.4750  

0.4095 

0.4180 

Code : McCARD - Monte Carlo depletion 

calculation  -  Nuclear library : ENDF-B/VII 

Temperature : fuel pin (including cladding) 

600°K, coolant 300°K 

 



11 Deep Burn ñLWR  

 

Å  As with the Deep BurnñHTR concept the DOE FCRD is looking into fuel utilization, definition 

and safety aspects of the Deep BurnñLWR concept. 

Å  Preliminary results indicated that Pu-bearing TRU with the appropriate burnable poison 

does not raise safety issues with regards to reactivity coefficients, and does not produce 

significant hot-or-cold rods within bundle, and significantly reduced TRU inventory. 
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1.128

1.012
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0.909

1.108

1.005

0.544

0.978

1.087

1.009

1.112

0.943

1.128

0.935

0.566

0.855

1.123

0.906

1.077

0.925

1.072

0.993

1.070

1.051

1.088

1.032

1.098

1.021

1.106

0.942

1.106

1.000

1.087

1.052

1.092

1.089

0.529

1.011

1.096

1.088

1.076

1.034

1.087

1.054

1.081

1.023

1.082

1.066

1.078

0.983

1.056

TRU Pins 

At 0 EFPD 

At 1200 EFPD  

4.6% Enrich. UO2 Pins 

4.5% Enrich. UO2 Pins 
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Practical Limit  

for thermal burnup  

of TRUs 

Full TRU core possible Fraction TRU core loading required 

~ 5 % enrich  

One Res.Time 

Comparing Effectiveness of Platforms for TRU Burning  

Standard 

enrichment 

1 Res.Time 

< 5 % enrich  

2 Res.Time 
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     First discussion and FCM 
SiC matrix compact 

2/2010 

Exploring Full Fueling of LWRôs with Microencapsulated Fuel 

    3/2011 demonstration of U-FCM 
ready for reactor irradiation 

Å  Coated Particle Fuel, compacted in a SiC matrix is being developed as a potential LWR/AHTR fuel. 

 - the SiC-TRISO shell, and SiC matrix provide two additional barriers to FP release 

 - SiC has very good irradiation stability, thermal conductivity, and LOCA performance. 

 

Å  Over the past year the program has proposed the concept and undertaken a program to develop an 

optimized matrix, define the appropriate fuel form (poison, etc), and understand in-reactor performance 

 

Å  In just over a year the fuel form has gone from concept, through initial optimization, and now has been 

fabricated with UCO kernels ready for irradiation. 

 

 

AGR Surrogate Fuel 

2 mm 

1 mm 

Optimized Matrix 12/2010 














