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Originally, only Pu- recovered from spent LWR fuels- was 
foreseen to initiate the “U-238 - Pu breeding cycle” in FBR.

For future fuel cycle schemes it is likely, that Pu together with 
the minor actinides (MA) will be partitioned from spent fuel by 
pyro- or advanced aqueous reprocessing technology and 
transmuted.  



Nuclear Fuel Cycle Schemes

• Scheme 1 + 2 are present fuel 
cycles

• Scheme 3(A + B) recycles all 
An in FR/ADS

• When FR will have replaced 
LWR economy (Scheme 5),  
then all self generated An are 
recycled

• In between Pu might be burned 
in LWR and FR, while the An 
are transmuted in dedicated 
Burners (Scheme 4)



• If the radiotoxicity of the 
needed U-ore is taken as 
reference, we have to reduce 
the An by two orders of 
magnitude

• Even if the radiotoxicity of 
f.p. decreases after 200a 
below that for U-ore, we 
have to consider that some 
f.p. may migrate out of the 
repository







Shows the formation of N from all parent (radioactive)
nuclides N* and its depletion in pile and by decay



σφ =  λ (λ = ln2/Τ1/2), 
σ is the integral neutron cross section

In a FR the transmutation half-lives, T1/2 of An are
between 1 to 4 years, for f.p., however, considerably larger; 
in case of Tc-99, 10 to 30 years

The in pile depletion of a nuclide can be expressed
as half-life and compared with its natural decay











All advanced reactor concepts foresee a separation of long 
living radiotoxic waste. The group separation of all actinides 

must be preferred because of proliferation risk
(will be explained later)
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Up to 2.5% MA can be loaded to present FR design;
even for flattened cores 5% seems the maximum

• TPu decrease delayed 
neutron fraction

• Due to spectrum hardening 
void effect increases for 
MA containing fuels

• If U-238 is substituted by 
MA, Doppler effect drops











In some advanced reactor strategies the 
Accelerator Driven Systems, ADS are foreseen



Scheme of an accelerator driven reactor for
transmutation of radiotoxic nuclear waste

• A proton- accelerated up to   
GeV- produces about 30 
neutrons in a Pb-Bi target

• The spallation neutrons 
start a subcritical reactor

• No limitation on MA 
loading like in FR

• Some strategies foresee
only TPu transmutation

• U free fuel to avoid Pu 
built-up


