
Summary / Objectives:

Comparison of 16 Reactors Neutronic 
Performance in Closed Th-U and U-Pu Cycles

Just as in all other industries, sustainability is vital to nuclear energy production. 
Recycling of nuclear fuel contributes to the environmental and social pillars of 
that sustainability because it simultaneously improves natural resources 
utilization and waste minimization. This webinar provides additional insight to 
the consequences of repetitive fuel recycling and compares selected reactors 
based on their neutronics performance in the closed Th-U and U-Pu cycles.
Because the closed fuel cycle has been discussed in several previous GIF 
webinars, this presentation focuses on less common perspectives. The closed 
fuel cycle will be presented as a Bateman equation eigenstate. In several cases, 
the eigenstate will be achieved by irradiation of subcritical fuels. It will be shown 
that all reactors in the respective fuel cycle have, by chance, the same average 
neutron production per fission. Hence, the usual measure η-2 will be replaced 
by fission probability discussion. Although the Bateman equation eigenstate in 
this comparative study is reached without fission products, their role in the 
closed cycle will be addressed.
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What is Closed Fuel Cycle?:

Primordial actinides:
Long half-lives

Synthetic actinides:
too long to disappear swiftly 
once originated

Short term actinides:
decaying in chains

Technological use of Nuclear: 
Open cycleOrigin of the universe

Nuclear Closed cycle:
Closed for Actinides.

Primordial actinide reserves, 
as a Supernova product, as 
a fuel for the nuclear energy, 
are not renewable.

Sustainability:
I. High resources utilization, we 

should fission at best all 
primordial actinides.

II. Waste minimization, we should 
minimize synthetic actinides 
amount in the waste.

I. Higher burnup in open fuel cycle
II. Actinides recycling in closed cycle



Performance of 16 reactors in equilibrium for U-Pu or Th-U cycles:

Neutronics comparison based on Bateman matrix equilibrium from 
Equilibrium multiplication factors, Core radius estimates, Actinides 
losses by recycling, etc.



Performance of 16 reactors in equilibrium for U-Pu or Th-U cycles:

Neutronics comparison based on Bateman matrix equilibrium.




