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A challenging energy future… 







Nuclear’s current status 







Yesterday’s vs Today’s technology 

















Small Modular Reactors (SMR) 





B&W 125MWe mPower reactor  

and underground containment vessel 



Four B&W mPower reactor modules     

generating 500 MWe 



Toshiba 4S reactor module 10 – 50 MWe 



Integral Fast Reactor:  

Safely closing the nuclear fuel cycle 





Uranium Ore 

100 tons 

Enrichment 

Depleted 

Uranium 

85 tons 

1000 MWe 

LWR 

15 tons 

Spent Fuel 

13.85 tons Uranium 

  1.00 tons Fission Products 

  0.13 tons Plutonium 

  0.02 tons Minor Actinides 

Disposal 

(100,000 years) 

Reprocessing 

Disposal 

(100,000 years) 

0.13 tons Pu 

1.00 tons F.P. 

0.02 tons M.A. 

Direct disposal is  

the current U.S. policy 

European recycle 

- Saves 15% uranium 

- But no reduction in waste life 

Annual Mass Flow for LWR 

Used Uranium 

Reserve 

13.85 tons U 
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What is Integral Fast Reactor (IFR)? 

Current 

Generation 

LWR 

Next 

Generation  

IFR 

 

Principal Impacts 

Coolant Water Liquid 

sodium 

Non-pressurized 

system 

Neutron 

energy 

Thermal  

(<1 eV) 

Fast  

(>100 keV) 

Breeding capability 

Fuel type Oxide Metal Inherent passive 

safety 

Fuel 

Cycle 

Aqueous 

reprocessing 

Pyro-

processing 

Waste management 

solution, proliferation-

resistance, economics 



The Argonne West National Lab (now part of INL) ~50 km west of Idaho Falls 



EBR-II and Fuel Cycle Facility showing reactor vessel,  

fuel transfer tunnel, air cell, and argon cell 



EBR-II Metallic Fuel

• EBR-II used a sodium bonded metallic fuel..

– Highly enriched uranium in driver fuel (63-75% U-
235).

– Fuel rod immersed in sodium encased in a 
stainless-steel tube

– Large plenum collected fission gas

Schematic Drawing of 

EBR-II Fuel Element



Fission gas pore structure of irradiated U-10Zr fuel 



Asymptotic temperature reached during unprotected loss-of-flow event is 

determined by reactivity balance: comparison of oxide and metal cores 



Unprotected loss-of-flow test results  



      

Oxide fuel (9% burn-up)  

 

 

 

 

 

 

 

 

 

 

Metal fuel (12% burn-up) 



Breeding ratio as a function of 

fuel volume fraction for various 

fuel types  



Schematic flow sheet of electro-refining based spent fuel treatment 



Comparison of IFR with Conventional SFR 

             

IFR 

Conventional 

SFR 

               Advantages 

Fuel Metal Oxide Superior 

performance 

Safety Inherent 

Safety 

Engineered 

Systems 

Easy licensibility         

Low cost 

Fabrication Injection 

Casting 

Powder 

Pellet 

Simple remotization 

Repro-

cessing 

Pyro- 

processing 

Aqueous 

Reprocessing 

Economics 

Proliferation-resist. 

Waste management 



1000 MWe 

IFR 

Annual Mass Flow for IFR 

LWR Pyroprocessing 

On-site Pyroprocessing 

 13.5 tons Uranium 

  2.5 tons Actinides 

  1.0 tons Fission Products 

      15.0 tons U 

  2.0 tons Actinides 

Initial 

Inventory 

10 tons Actinides 

50 tons Uranium 

1.0 tons F.P. 

Disposal 

(400 years) 

One time processing of  

1000 tons of LWR spent fuel 

provides lifelong fuel supply  

Used Uranium 

Reserve 

890 tons Uranium 

1.5 tons Uranium 

Makeup 

0.5 tons excess actinides 

for startup of new IFR 

50 tons 

Fission Products 

Disposal 

(400 years) 





Weapons Usability Comparison 

Weapon Grade 

Pu 

Reactor Grade 

Pu 

IFR Grade 

Actinide 

Production Low burnup 

PUREX 

High burnup 

PUREX 

Fast reactor 

Pyroprocess 

Composition Pure Pu 

94% Pu-239 

Pure Pu 

65% Pu-fissile 

Pu + MA + U 

50% Pu-fissile 

Thermal power 

       w/kg 

 

2 - 3 

 

5 - 10 

 

80 - 100 

Spontaneous 

neutrons, n/s/g 

 

60 

 

200 

 

300,000 

Gamma radiation 

   r/hr at ½ m 

 

0.2 

 

0.2 

 

200 



Commercialisation? 



PFBR (India) 

500 MWe (2012)  

CEFR (China) 

20 MWe (2010)  



GEH S-PRISM 311 MWe IFR module 







Gen III+ / IV / renewables synergy 



15-fold increase 

50-fold increase 

Realistic low-carbon 2060 energy mix? 



Realistic low-carbon 2060 energy mix? 



Can we really get 5+ TWe by 2060? 

  — Gen III alone = difficult, will run low on fissile fuel 

  — Gen IV alone = too slow to ramp up 

  — Gen III and Gen IV in partnership = perfect synergy 
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A sustainable energy-rich future 









Final word on  

socio-economic realities 





Nicholson, Biegler & Brook (2011)  

“How carbon pricing changes the relative 
competitiveness of low-carbon baseload 

generating technologies” 

Energy doi: 10.1016/j.energy.2010.10.039 
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