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Nuclear Power – Reac1on Overview 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The most common nuclear reac1ons being run on earth this days are:  

The typical reactor fuel in (light) water‐moderated reactors is:  
   ~3% 235U (compared to a natural enrichment of 0.27%) and the rest of the fuel is 238U. 

The spent fuel on discharge contains: 
The leS over uranium with plutonium, neptunium, americium, and curium, 
   and  
the fission products (iodine, techne1um, neodymium, zirconium, molybdenum, cerium, 
cesium, ruthenium, palladium, etc.) that cons1tute about 2.9% by weight. 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Neutron Capture in “Minor Ac1nides” 

ASer use in the reactor the discharged fuel is:  
~ 0.90% enriched in 235U,  
~1% of the weight is plutonium (mostly 239Pu)  
~0.1% “minor ac1nides” by weight (which is divided into 50% 237Np, 47% Am and 3% Cm)  
Leaving ~ 95% 238U plus ~3% Fission products 

Inside the reactor a slow neutron capture process takes place where β‐ decay competes 
with neutron capture to produce heavier nuclei.  Every once in a while the process falls 
back by an alpha decay, and ends in spontaneous fission decay of the heaviest elements.  



Nuclear Power – Fission Product Overview 

Imagine the simplest picture of nuclear fission with an equal division of mass and charge:  

Recall from early in the course, the stable atomic number (Z) for this set of isobars (A=117) is: 

thus, these fission fragments will have to undergo 4 or 5 β‐ decays to reach a stable nucleus. 
In this par1cular example the chain would be: 

The fission product distribu1on runs from Z~30 to Z~70 and is sensi1ve to the underlying 
nuclear structure and the most probable mass split produces other chains of decaying nuclei: 



What to do with this stuff? 

1)  Wait 

2)  Separate out valuable isotopes, recycle 
   into Mixed Oxide (MOX) fuel   

3)  Burn it up …  
   (transmuta1on via nuclear reac1ons) 

General Nuclear 
Poten1al Energy 

Force = ‐dV /dr 



Transmuta1on 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make Neutrons 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