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SAFE (S)

• DBA > 0 margins

• Delaying melting risk in severe 
BDBA accidents

• No strong water reaction

• Low Fission gas release

• Cold fuel in accident & operation

Quality (Q)

• No leaker due to fabrication

• Resistant to PCI

• Low wash out 

• Full predictable performance 

•  Quality mastered  throughout 
lifecycle

Economical (E)

• Highest Burnup

• High U235 content (incl. > 5%)

• High Fuel Utilization & Reactivity

• Capable of high Power

• Low batch size and long cycles

• Capable of Flexible operation

• Low front end and back-end costs

DBA: Design Basis Accident
BDBA: Beyond Design Basis Accident
PCI: Pellet Cladding Interaction
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DBA: Design Basis Accident
BDBA: Beyond Design Basis Accident
FGR: Fission Gas Release
LOCA: Loss Of Coolant Accident
RIA: Reactivity Inatiated Accident
AOO: Anticipated Operational Occurence
DNB: Departure from Nucleate Boiling
PCI: Pellet Cladding Interaction
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U3Si2 UN
UO2 w/ 5% Cr 

additive
UO2 w/ 5% BeO 

additive

Additional mnfg 
step

use of glovebox use of glovebox No
One (to manage 

the use of 
Beryllium)

Neutronic 
penalty

/ / (use of 15N) 0,55% of 235U /

Fuel Water 
Reaction

reduced pellet 
diameter 

(reinforced 
cladding)

reduced pellet 
diameter 

(reinforced 
cladding)

N/A N/A

Material over 
cost

0 3 USD/g of 15N 10 USD/kg Cr 64 USD/kg BeO

Over cost minimized

No reduction of diameter considered to 
account for an increased swelling

Cases with U3Si2Alx  not 
studied as their density of U 
are not enough favorable R. Kliewer & Al - Advanced fuel 

technologies of the future - 
Topfuel 2019
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17x17 Plant Segment - 18 month cycle UO2 U3Si2 UN
UO2 w/ 
5%  Cr 

additive

UO2 w/ 
5% BeO
additive

Pellet OD (mm) 8,192 7,701 7,701 8,192 8,192

Uranium Density (gU/cm3) 9,34 10,7 13,5 8,796 8,796

Assembly Loading (kgU) 466 474 597 440 440

Reload Batch Size (#) 80 76 60 96 84

Reload Batch Average Enrichment (%) 4,519 4,773 4,522 4,885 4,79

Average Discharge Burnup (MWd/MTU) 50 532 50 661 50 949 43 205 49 378

Total Reload Batch Costs w/o mngfg over-cost ($M) 60,4 61,2 55,7 74,3 63,9

Additional manufacturing costs ($M) 0,00 2,70 9,47 0,02 0,41

Total Reload Batch Costs ($M) 60,4 63,9 65,2 74,4 64,3

R. Kliewer & Al - Advanced fuel 
technologies of the future - Topfuel 2019



UO2 UO2                
> 5%

UO2 Cr 
doped 

U3Si2 U15N UO2 Cr 
microcells

UO2 – 
BeO 

network

Melting T°
2860 2860 2860 - eps 1665 2650

2860/ 
1900

2860/ 
2530

Fuel Water reaction Ref Ref + - - - - - Ref Ref

Thermal conductivity Ref Ref Ref – eps + + + + + + + +

Fission Gas release
Ref Ref

+ High BU & 
transient

+ + + + + +

Swelling
Ref Ref Ref + eps - - - - Ref Ref

Neutron absorption
Ref Ref Ref – epsilon

Ref – 
epsilon

Ref - -
Ref + 

epsilon

U density (high BU capability)
Ref +++ Ref + eps + ++. -             -

Manufacturing costs Ref - Ref - - - - - - - Ref + eps - - 
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T. MIHARA & al., Behavior of high-
burnup BWR UO2 fuel with 
additives under reactivity-
initiated accident conditions, 
September 2022, Journal of 
Nuclear Science and TechnologyTemperature 

increase: 1°C/s
BU = 70 GWd/tU
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UO2 with 5% additive 1 UO2 with 10% additive 1
Example 
of 
sintering 
conditions 
change

Example % of content 
of additive change

Example 
of additive 
change

UO2 with 5% additive 2 UO2 with 10% additive 1
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UO2
10 vol% - Additive 1 – sintering 1
10 vol% - Additive 1 – sintering 2
10 vol% - Additive 1 – sintering 3
5 vol% - Additive 2 – sintering 4
5 vol% - Additive 2 – sintering 5

Thermal-conductivity measured on 
several as-fabricated fuel variants

Finished Framatome microcell pellets (top)
Finished rodlets containing Framatome microcell 
pellets before insertion in ATR (bottom)
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