
 

THE NUCLEAR FUEL CYCLE 
 

 Uranium is a slightly radioactive metal that is found throughout the 
earth’s crust 

 It is about 500 times more abundant than gold and about as common 
as tin 

 “Natural” uranium is a mixture of 2 isotopes: 99.3% U-238 and 0.7% 
U-235 

 U-235 is considered fissile because it can be readily split 
 U-238 undergoes natural radioactive decay (half life = 4500 million 

years) therefore it gives off radiation very slowly 
 There are a number of areas around the world where the 

concentration of uranium in the ground is high enough that mining of 
it for use as nuclear fuel is economically feasible. 

 Such concentrations are called ore 
 



 
 
 
 
 
 

1. Mining and milling 
 Uranium can be acquired from surface or underground mining 
 The mined uranium is sent to a mill where the ore is crushed 

and ground up 
 It is washed in sulfuric acid or a strong basic solution to 

dissolve the uranium 
 The uranium is removed from this solution and precipitated as 

uranium oxide (U3O8) called “yellowcake” 
 The remainder of the ore, containing most of the radioactivity 

and nearly all of the rock material, becomes tailings which are 
stored in a safe location 



 
2. Conversion 

 U3O8 is converted into uranium hexafluoride gas (UF6) 
 

3. Enrichment 
 This process increases the concentration of uranium from its 

natural level of 0.7% to 3.5-5%, by removing 85% of the 
uranium –238 isotope 

 The process uses the 1% mass difference to separate the 2 
isotopes of uranium via gas diffusion and gas centrifuge 

 The depleted uranium (U-238) cannot be used in nuclear 
reactors (non-fissile) and must be stored 

 
4. Fuel Fabrication 

 Enriched UF6 is converted into uranium dioxide (UO2) powder 
and pressed into small pellets and baked at high temperatures 

 The pellets are encased in metal tubes to form fuel rods 
 The rods are sealed and assembled into clusters that form fuel 

elements for the reactor core 
 

5. The Nuclear Reactor 

 

 
 In 

a 
nuclear reactor, the uranium fuel is assembled in such a way 
that a controlled nuclear fission reaction can be achieved 

 It is important that the fuel be UNDER critical mass 
 The heat generated by splitting the U-235 atoms in then used to 

make steam  
 The steam is used to spin a turbine which in turn drives a 

generator, producing electricity 
 The chain reaction that takes place in the reactor core is 

controlled by rods which absorb neutrons 
i. These rods can be inserted or withdrawn to set the 

reactor at the proper power level 
 The fuel elements are surrounded by a substance called a 

moderator which slows the speed of the emitted neutrons and 



thus enabling the chain reaction to continue (water, graphite 
and heavy water are used) 

 Because of the type of fuel used, if there is a major uncorrected 
malfunction in a reactor, the fuel may melt, but it cannot 
explode (like a bomb) 

 U-235 is fissile, U-238 is considered “fertile” 
 This means that U-238 can capture a neutron and become Pu-

239 which is also fissile 
 Because there is so much U-238 in the fuel rods (3-5% is U-

235; the rest is U-238), these reactions occur frequently (about 
1/3 of the energy yield comes from the fission of Pu-239) 

 Sometimes a Pu-239 atom will also absorb a neutron without 
splitting to become Pu-240 

 Because the Pu-239 is either split or becomes Pu-240, the 
longer the fuel stays in the reactor, the more Pu-240 is in it (to 
be recycled as future fuel) 

 
 



6. Spent Fuel Storage 
 Eventually, the concentration of fission products and heavy 

elements formed in the fission process will increase to the point 
where it is no longer practical to continue to use the fuel 

 So after 12-24 months, the “spent fuel” is removed from the 
core 

 When removed, a fuel bundle will be releasing both radiation 
and lots of heat 

 The spent fuel is unloaded into a storage pond to allow the 
radiation levels to decrease and the fuel to cool 

 They are kept here for several months to several years 
 Ultimately, the spent fuel must either be reprocessed or 

prepared for permanent disposal 
 

7. Reprocessing and Waste Disposal 
 There are 2 options for the spent fuel: 1) reprocessing to 

recover the unable portion of it or 2) long-term storage and final 
disposal 

 Spent fuel contains 95% U-238, <1% U-235 that has not 
fissioned, 1% plutonium and 3% fission products which are 
highly radioactive 

 Reprocessing separates the spent fuel into 3 components: 
uranium, plutonium and waste. 

 Recovered uranium and plutonium can be returned to the 
conversion plants to become fuel again 

 
8. Vitrification 

 After reprocessing, the high-level fission products is heated 
strongly to produce a dry powder that is incorporated into Pyrex 
glass 

 The glass is then poured into stainless steel canisters 
 These can be transported and stored with appropriate shielding 

 
 
 
 
 
 
 
 



9. Final Disposal 
 At the present time, there are no disposal facilities in operation 

in which spent fuel, not destined for reprocessing, can be 
placed 

 The total volume of wastes is relatively small and the longer it is 
stored, the easier it is to handle, due to the progressive 
decrease in radioactivity 

 The most widely accepted plans involve burying the vitrified 
high-level wastes sealed in stainless canisters  in stable, non-
porous rock structures deep underground 


