CHAPTER 9 – NON RENEWABLE ENERGY
Part B -- NUCLEAR ENERGY 
CLO 7 The student will be able to list the various forms of energy resources used and for each one, to analyze the worldwide present uses, trends; and related environmental issues.

SLO…
SLO 7.3 The student will be able to outline the use of nuclear power and assess its environmental impact. (Chapter 9-Part B)
SLO….
· Nuclear power has a low environmental impact and a very low accident risk, but its use has been limited by a low net energy yield, high costs, fear of accidents, long-lived radioactive wastes, and the potential for spreading nuclear weapons technology.  
1-
THE NATURE OF NUCLEAR ENERGY
· Nuclear Energy – Energy from the disintegrating atomic nuclei

· It is a nonrenewable resources (uses mineral ores such as uranium and plutonium)

· Encompasses two different, but related types of reactions: fission and fusion.

· Fission – The splitting of an atom, such as uranium or plutonium, to release energy

· Fusion – The combining or fusing of isotopes of light elements to form a heavier element – in the process, energy may be released  (for instance, heavy isotopes of hydrogen bonding to form helium)

· Nuclear disintegration releases energy from the nucleus as radiation, of which there are three major types:

· Alpha radiation --- weakest; travels through for less than a meter and can be stopped by a sheet of paper or the outer, nonliving layer of the skin.

· Beta radiation – stronger; travel through air for a couple of meters; they are stopped by a layer of clothing, glass, or aluminum 

· Gamma radiation – strongest and most dangerous; it can pass through your body, several cm of lead, or nearly a meter of concrete.
Nuclear Power (Nuclear Reactors):
· Nuclear power – The use of nuclear fission reactions to generate electricity 

· All commercially operating nuclear reactors are run by “fission”

· In fission – a “neutron” (subatomic particle with no electric charge) is used to split the nucleus of a fissionable atom (such as uranium or plutonium) into two or more smaller nuclei that become “highly radioactive” – In this process a tremendous amount of energy is released. The newly formed nuclei travel at high speed and can induce other atom fission --- that release even more energy, thus creating a nuclear fission chain reaction. (Fig. 9.20, p.203) During this process, heat is released, and the temperature increases. In a nuclear reactor, the chain reaction is “controlled and moderated”. 

· Only certain kinds of atoms are suitable for the development of a nuclear chain reaction. The two materials commonly used in nuclear reactions are uranium-235 (U-235) and plutonium-239 (Pu-239).

· Modern nuclear power plants use a nuclear reactor, with a sustained but controlled fission chain reaction, to generate tremendous amounts of heat. The heat is then used to boil water, producing steam that powers a turbine that turns a generator and produces electricity.  (Fig. 9.21, p.203)  After passing through the turbine, the steam must be cooled and the water is returned to the reactor to be heated again. 
· A Uranium-235 pellet, about the size of a pencil eraser contains about the same amount of energy as that contained in 1 ton of coal.

2-
THE HISTORY OF NUCLEAR ENERGY DEVELOPMENT

· Nuclear power was first developed during WWII by the USA, initially for military applications --- to build bombs and power sources for ships and submarines 

· In 1945, the US military dropped atomic bombs on the Japanese cities of Hiroshima and Nagasaki --- realized the disastrous potential of the “atomic energy”. The bomb dropped on Hiroshima alone killed 140,000 people and completely pulverized the city; the one dropped on Nagasaki, a few days later, killed 160,000 people and again pulverized the city
· It is in 1951 (in the USA) and in 1954 (in Soviet Union)--- nuclear power plants started to be developed and used as “nuclear power” to generate electricity

· Currently, some 440 commercial nuclear reactors distributed in 31 countries produce account for 6% of the commercial energy consumed worldwide. This accounts for about 14% of the electricity generated in the world. 
· France – 79% of its total electrical power generation comes from nuclear power
· Lithuania --- 70% of its total electrical power generation comes from nuclear power
· USA—about 20% of its total electrical power generation comes from nuclear power

3-
ISSUES RELATED TO THE USE OF NUCLEAR FUELS
Advantages:
· Produces little air pollution (no carbon-based greenhouse gases; no particulate-- sulfur dioxide and nitrogen dioxide…) --- less damaging than fossil fuels

Drawbacks:
· Mining and milling--  the uranium ore to feed the plant and enrichment of the fuel (concentration of the uranium) ---  involves substantial energy and potential environmental degradation 

· Transportation -- of uranium ore, enriched uranium and used uranium rods to and from sites is a danger to exposure to radiation

· Limited supplies of uranium ore -- (nonrenewable resource)

· Building the power plants --- there is enormous amounts of energy, land, and materials used to build the plant (necessitates fossil fuel burning); there is also a high construction costs link to these complexes
· The Biological Effects of Exposure to Radiation:
· Problems specific to the technology itself: the dangers of radioactivity (Table 9.4, p.207-- Radiation Effects)
· Radioactivity –The emission of particles (such as alpha, beta and gamma radiations) from a nucleus as it disintegrates.

· When organisms are irradiated, the rays are absorbed; this energy conversion causes damage at a cellular, tissue, organ or organisms level. The degree and kind of damage vary with the kind of radiation, the amount or radiation, the duration of exposure and the type of cells irradiated. 

· Very dangerous to “all living forms”. -- Exposure to high-level radiation (gamma rays) can be deadly or cause long-term illnesses (cancers—leukemia, breast cancer…) and can produce mutations in the genetic material of the cell (DNA)—leading to birth defects (abnormal offsprings)
· Reactor Safety: Three Mile Island; Chernobyl; Fukushima Daiichi …
· There are currently 440 operating nuclear power plants and about an additional 135 which have operated in the past but have been shut down. In 2011, there were 65 in construction. A further 155 are in the planning stage.

· In terms of energy, some nuclear power plants produce the equivalent to 1000 Hiroshima bomb; 1 kilogram of U-235 can yield as much energy as 2,000 metric tons of coal 

· Accidents at nuclear power plants has created much concern about their safety -- Three Mile Island in 1979 (USA); Chernobyl in 1986 (Ukraine); Fukushima Daiichi (Japan) in 2011  [Read pp.207-209]
· Nuclear (Radioactive) Waste Disposal:
· One of the most difficult problems associated with nuclear power is the disposal of radioactive waste.

· Only two options: (i) reprocessing the waste from fuel or; (ii) placing the waste in a secure location

· No known way of neutralizing radioactivity --- radioactive products can remain radioactive for hundreds of thousands of years jeopardizing future generations  (Table 9.3, p.202)
	Table 9.3 (p.202)  Half-Lives and Significance of Some Radioactive Isotopes (small part of the table)

	Radioactive Isotope
	Half-life
	Significance

	Uranium-235
	700 million years
	Fuel in nuclear power plants

	Plutonium-239
	24,110 years
	Nuclear weapons; Fuel in some nuclear power plants


· At the present time, no country has a permanent storage solution for the disposal of high-level radioactive wastes. Many rely on temporary storage of spent fuels on site at nuclear plants.
· The magnitude of nuclear waste is huge. It includes (i) waste from nuclear power plants: (ii) Contamination from nuclear research (nuclear tests sites…) and; (iii) weapons production.
· The wastes from the world’s commercial nuclear reactors alone have been accumulating at a rate of 9,000 tons a year, all stored on-site at the power plants. (This is not considering the “decommissioned materials of the plants”)

· In the USA alone—see p.426 – about 65,000 metric tons of highly radioactive spent fuel rods stored in special storage ponds at nuclear reactor sites (Fig. 18.11, p.426)
· Again in the USA, nuclear use for military purposes has led to --- millions of cubic meters of radioactive wastes; over 3700 sites are contaminated
· Ocean dumping of radioactive wastes: until 1970, the US, Britain, France and Japan disposed of radioactive wastes in the ocean; it is feared that the former USSR has permanently contaminated the Arctic Ocean by large scale dumping of radioactive wastes. (The USSR has dumped 12 times more radioactive waste in the ocean than the other nuclear countries combined.)

· Decommissioning Nuclear Power Plants:
· Nuclear power plants cannot be “demolished” but need to be decommissioned. 

· Decommissioning involves removing the fuel, cleaning surfaces, and permanently preventing people from coming into contact with the contaminated buildings or equipment.

· This is done after 40 years or so; in a number of case, the plant life can be extended for another 20 years, for a total of 60 years.

· requires enormous amount of energy and materials

· incurs enormous costs (costs about 5% of the cost of generating electricity)

· Thermal pollution: ( is defined as the addition of waste heat to the environment)
· Huge quantities of water are used for cooling the reactors --- the heated water is often dumped into the environment --- damaging the aquatic environment; 

· Aquatic organisms are very sensitive to changes in temperature; temperature also affects oxygen supply in the water and the metabolic rate of the aquatic organisms

· also can form “heavy water” -- contains radioactivity in it – and becomes a problem of disposal

· Terrorism:
·  More recently, the vulnerability to sabotage (Terrorists) adds to the list.

· After September 11, 2001, fear arose regarding nuclear plants as potential targets for terrorist attacks.

· Probably the greatest terrorism-related threat is from dirty bombs, known as Radiological Dispersal Devices (RDDs). The explosion of such device would scatter radioactive material about the environment.

4-
FUTURE OF NUCLEAR ENERGY
· Increasing construction costs, declining demand for electric power, and safety fears have made nuclear power less attractive.

· Several serious accidents have caused worldwide concern about safety and use of nuclear power plants -- 
(i) Three Mile Island (USA); (ii) Chernobyl (Ukraine); (iii) Fukushima Daiichi (Japan)

· Since the Fukushima Daiichi catastrophe, many nations have been revising their policies relative to the use of nuclear power plant to produce electricity.
· Military use of nuclear material and weapons production has also greatly expanded and have left a legacy of radioactive wastes. This is creating more and more controversy.
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