
Summary / Objectives:

Closing Nuclear Fuel Cycle

The steps of PWR nuclear fuel cycle along with alternative fuel cycle options are 
described. The concepts of two methods for closing the fuel cycle, i.e., recovering 
the residual uranium and plutonium contained in spent fuel for reuse by wet 
PUREX and dry Pyroprocessing, are explained. The major issues to be considered 
for closing the fuel cycle are identified to provide an understanding of 
sustainability and nonproliferation.
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Concept of Nuclear Fuel Cycle
• Reactors are classified according to neutron energy, moderator, coolant, and 

nuclear fuel.
• Spent fuel (SNF) is recycled or disposed directly (once through) .

Spent Nuclear Fuel Management
• SNF contains transuranium elements(TRU), fission products(FP) and 

remaining uranium.
• Most of decay heat after several hundred years are caused by TRU.
• Radiotoxity decreases to natural uranium ore level after 300 years by 

separation of TRU.
• SNF is stored (wet or dry), packaged, and disposed in underground facility.
• Consideration on corrosion rate of canister etc, are necessary for disposal 

site. 



Nuclear Fuel Cycle Technology
• Proliferation resistance, sustainability, waste management, environment effect, 

and  economics are required for innovative nuclear energy system 
• PUREX is wet process, and Pyroprocess and DUPIC are dry proceees.
• PUREX process is composed of receiving/storage, chopping/dissolving/, 

separation, purification, de-nitration, and product storage.
• Advanced wet processes (CoDCon, ALSEP, NEXT, COEX) are under development.

Nuclear Fuel Cycle Technology
• DUPIC and Pyroprocess are appropriate for closed cycle by CANDU, PWR and 

Gen. IV FR (SFR).  
• DUPIC process is composed of disassembling, cutting, de-cladding, oxidation/ 

reduction, pelletizing/sintering, welding, and assembling.
• There are several dry process technology, such as Pyro-metallurgical, Pyro-

chemical, Fluoride volatility.
• Pyroprocess  flow sheet is composed of de-cladding, high temperature 

treatment, electro-reduction, electro-refining, electro-winning, and SFR fuel 
fabrication.



Nuclear Fuel  Cycle Technology 
• Pyro-process has merits, such as small number of components, short 

cooling time, low criticality hazard, and no pure Pu separation.
• Pyro-process has lower proliferation potential due to limited capability in 

separation Pu, etc, but has several challenges, such as less safeguard 
experience.

• Safeguard R&D and economic evaluation of nuclear fuel cycle have been 
continuing.

• Policy for SNF management on several courtiers are compared.

Summary
• Benefits of closing nuclear fuel cycle are sustainability, management of high 

level waste, environmental friendly, management of  repository for 
permanent disposal, and enhanced proliferation resistance.

• Advanced wet & dry fuel cycle processes along with safeguards technology 
are under development.

• National policy of spent fuel management is to be decided.




