


Harnessing the Energy 
• Nuclear fission  

 Splitting large, radioactive atoms 
into smaller atoms and pieces 

As each atom decays 
 produces neutrons, smaller nuclei 

and energy 



Harnessing the Energy 

•  “Critical Mass” needed to produce a 
chain reaction. 

•  Neutrons can cause neighboring nuclei 
to decay 
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Half-Life of Radioactive Substance 



Conventional Nuclear Fission 

- hazardous wastes 

•  First plant in England, 1956 

•  20% of electricity in the U.S. 
•  Energy created through a 

controlled nuclear reaction 
•  boils water & powers generators 
•  LOTS of energy created 

- is not renewable 



How Do Reactors Work? 
•  The most important isotope used in 
reactors is U-235. 

•  U-235 exists in all uranium ore, 
but only 0.7% of all ore is U-235. 

•  U-235 is processed (enrichment - 
raises level of U-235) to form UO2 
which is used as fuel 



Lowering the 
Fuel Source, 

Through 
Heavy Water, 
Into the Core 



CORE 
• FUEL RODS (12ft) 

•  arranged in a diamond shape (15x15) 

•  last about 3-4 years 
•  every year, about 1/3 are replaced 

• CONTROL RODS 
• absorb neutrons and slow reaction 
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Control Rods 



CORE 

•  Water Coolant 

•  Keeps core cool (coolant), slows 
down the neutrons so that they are 
at the right speed to trigger the next 
reaction (moderator) 

•  Heat from core produces steam 



STEAM PRODUCTION 

•  High pressure steam from reactor 
is used to heat water; produces 
steam used to run a turbine 

•  Non-radioactive warm water is 
returned to the environment 



COOLANT WATER 

•  Warm water is returned to the 
environment (thermal pollution) 



Light-Water Reactors (LWRs) 



How a Nuclear Plant           
Generates Energy 
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Uranium Mine 
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Reclaiming a Uranium Mine  

Utah  



The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then 
insert it again.

IMPACTS 



•  99% of all uranium is U-238, not 
fissionable 

BREEDER REACTORS 

U-238 is used to absorb extra 
neutrons in reactors 



BREEDER REACTORS 
•  Each atom of U-235 produces 3 
neutrons 

•  one starts next reaction 
•  two can convert U-238-Pu-239 

•  More energy can be created than 
used (breeding) 

•  Breeder reactors can greatly extend 
the lifetime of resource availability 



BREEDER REACTORS 

•  However, if an accident occurs in a 
breeder reactor, it would be much 
worse 
•  Still have problems with disposal 
•  U.S. has enough Uranium right 

now for all reactors, so no 
incentive to develop breeders 
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Nuclear Power Plants: Safety 

•  Accidents do happen 

•  Plants are generally 
thought to be safe 

•  However, most plants 
are older, and may not 
be maintained properly 

 



Three Mile Island: March 29, 1979 
• Malfunction caused release 

of radioisotopes into 
environment plus intense  
radiation in the                                       
facility. 

•  Wake-up call 



Three Mile 
Island 

• Malfunction 



Three Mile Island 
•  Forced major 

changes in safety 
regulations and 
licensing 



Chernobyl:  
April 26, 1986 

• System that 
provides H2O 
to core failed, 
causing 
reactor core 
temps to rise 
over 5400oF, 
melting the 
uranium fuel 



Human Error 



GROUNDS CLEAN-UP 



Chernobyl 
Reactor 



The Explosion 





Melted core 



Radioactive Cloud 



Radioactive Cloud Dispersal 
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Soviet-
Designed 

Plants 



Chernobyl Today 





High-Level Wastes 

•   Spent fuel rods, wastes from 
making bombs 

•  Gives off high amounts of 
radiation for a short time, or low 
amounts for a long time 



High-Level Waste 

  

–   

•  Products are radioactive 

•  short half-life products: 
•  stored for a short 

time (1000 years) 
•  Long half-life products: 

•  storage for a minimum of 
10,000 - 240,000 years (maybe 
more!)  



Disposal Plans 

•   Bury it : most popular - Yucca 
Mountain 
•   Shoot it into space 

•   Bury under ice sheet 
•  Bury under mud in oceans 

•   Break it down 



Yucca Mountain 

–   

•  1982 Nuclear Waste Policy Act 

•  First site proposed 1985 
•  Yucca Mountain, Nevada 

•  near a volcano, active faults 
•  quakes could raise water table, 

cause contamination 



Yucca Mountain Site 



–   

CLOSING POWER PLANTS 

•  DECOMMISSIONING   

•  Dismantled after closing 

•  Pieces are permanently 
stored 
•  Happened to several 
small US plants 



CLOSING POWER PLANTS 
•  STORING 
•  Guarded for 30-100 yrs while 
materials decay 
•  Reactors put under heavy water 



CLOSING POWER PLANTS 

•  ENTOMBMENT 

•  Encasing in concrete 
(Chernobyl) 

Who knows who’s 
going to open it 
someday?? 
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US Waste Storage 
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Reactors in Operation 



• Combining of 
atomic nuclei 
to produce 
heavier atoms 

What About Nuclear Fusion? 



What About Nuclear Fusion? 

Releases a large 
amount of energy in 
the production of He 

from H-2 and H-3 

•  NO WASTE 
occurs in stars and 
bombs 
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Reactions 



Nuclear Fusion 

•  Requires huge amounts of heat 
and pressure 

•  Fusion has been  
achieved, but it still 
requires more 
energy to do than is 
produced 
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Nuclear Fusion 

• Cold fusion? 

• Great idea, didn’t happen 



The Future for Fission Energy 

•  Fissionable material is limited 

•  It appears that fission plants in 
their current state are not going to 
be the solution we are looking for 



The Future for Fission Energy 
•   1960s: nuclear power = the 
solution to our energy problems 
•   1975: policies questioned 

•  Since 1975:  no new plants have 
been planned 


