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Reactivity Behaviour (delayed fraction)
 Reactivity is sometimes expressed in dollars: $ ($) /q d 



Reactor Cycles and Fuel Burnup



Burnup and Build-up



Excess Reactivity During Burnup

Heating 

(Doppler 

Effect)

Xe, Kr etc.

Poisonning

239Pu

Accumulation

Self-Shielding



More than one batch?
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Actual Light-water Reactor Burnup
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Control System Components and 

Strategies

 Doppler Effect (temperature expansion, spectral shift, resonance absorption)

 Moderator rods (we have been there before)

 Reflector rods (cladded Be)

 Absorber rods (10B, Hf, Cd) – B in stainless steel or as B4C, Cd is alloyed with Ag or 
In, Hf is often alloyed

 Boric Acid – B(OH)3 – added into the moderator fluid in a rather controlled 
manner, for homogenous neutron absorption control

 Moving fuel – likely the most risky possibility – possible with liquid fuel reactors

 Burnable poisons – B, Cd, etc. mixed with the fuel

 Haling principle – create and maintain a constant power distribution during the 
burn cycle (including start-up, refuelling and fuel redistribution)



Two Examples of Reactivity Choices



Equilibrium State Composition - Signatures



Idealized Neutron Flux and Shrouding



Fission Density



Neutron Spectrum of Actual Reactors



Nuclear Power Plant Evolution



Modern BWR



Modern PWR


