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Nuclear Waste – Our Radiotoxic Legacy

Imagine if your community hospital had no means for disposal of its waste.  How long would a McDonalds ‘restaurant’ stay in business if it had to store all of its waste material on site?  This is the problem currently facing the nuclear power plants throughout the United States and the rest of the world.  Unfortunately, nuclear waste has the potential to be exponentially more toxic than any other waste generated by humans.


Disposal of nuclear waste, specifically spent reactor fuel, presents some very vexing environmental problems.  Nuclear fuel is composed of a fissionable material, usually isotopes of Uranium or Thorium, in sufficient concentration to support a fission chain reaction.  In the case of 235 U, natural uranium is enriched to 0.7% 235U. (Kesssler, 2002)  After the enriched Uranium is no longer capable of sustaining the fission reaction, it becomes “spent” fuel and must be removed from the reactor core.  If the reactor is to continue to sustain the fission reaction efficiently, this fuel must be replenished every 12 to 18 months.  At that time about one third of the core is removed and becomes high level radioactive waste.(www.nrc.gov)  

The toxicity of this waste material presents a problem not only to our environment today but also for generations to come.  Radioactive isotopes in the fuel will spontaneously decay into daughter nuclides, many also radioactive.  The decay series for isotopes of Uranium is pictured to the left.  Many of the decay products have extremely long half-lives.  The [image: image1.png]


EPA estimates that most of the radioactive waste from fission plants will decay to safe levels within a few hundred years.  The agency also emphatically points out the some of the long-lived decay products could render the waste material unsafe for as much as 10,000 years.(www.epa.gov)  The most significant radiotoxic element in the nuclear waste is Plutonium.  This material is responsible for causing the waste to be unsafe for as long as 105 years. (Kessler, 2002)  Exposure to radioactivity can cause cancer or, if the exposure to significant, it can cause death.  Unfortunately, humans can generally not sense radiation exposure.  A potentially lethal dose can be administered without the knowledge of the person receiving it.
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Currently, the 103 fission plants in the United States produce about 20 tons of highly radioactive spent fuel each year. (Scientific American, Jan 2002)  It is estimated that 43,000 metric tons of nuclear waste is now stored at reactor sites awaiting a long-term solution to the problem. (Johnson, C&EN, 2002).   Storage at reactor sites is accomplished by two different means.  Most of the spent fuel is stored in pools at the reactor site.  In these pools, the fuel rods are stored in at least 20 feet of water.  Rods are arranged in such a way as to prevent the possibility of attaining critical mass resulting in an unwanted chain reaction.  Some pools can hold thousands of the 12 feet long, 3/4 inch diameter fuel rods.  The pools must be constantly monitored to insure that there is no overheating, criticality of the waste or contamination of the environment by an unwanted leak.   The photo above shows a pool currently in use.  (www.nrc.gov)  
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A second on-site storage option is above- the-ground dry storage.  The spent fuel is stored in a cask composed of metal or concrete.  Inside the cask, radioactive waste is surround by an inert gas.(www.nrc.gov)  These casks are then stored at the reactor site. Pictured left is a cross-view of a typical storage cask.  The figure to the right of the cask is added for comparative size.
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The Department of Energy has developed a plan for long-term storage of high-level radioactive waste underground at Yucca Mountain, Nevada.  This site was chosen because of its geological stability and distance from population centers.  Currently the Nuclear Regulatory Commission (NRC) is working with other governments agencies including the Department of Energy, Department of Transportation and the Environmental Protection 

Agency to formulate plan to transport and store nuclear wastes from around the country at this site.   The plans are to place the nuclear wastes in casks composed of a strong nickel alloy and store them underground for the estimated 10,000 years that would render the degree of radiation safe to humans. (Johnson, CE&N 2004)   Needless to say, this plan is not without controversy.  Although the initial plans have been made, final approval of the project as well as the outcomes of the lawsuit by the state of Nevada, have yet to be decided. (Garrick and Gilinsky, IEEE Spectrum, 2002)


This ‘bury it’ plan has obvious problems, not the least of which is making sure that the site stays secure for the multiple thousands of years needed to insure safety.  Work is currently being done to attempt to mediate some of the harmful radiation of the waste material.  Although very little can be done to attenuate the half-life of a radioactive nuclide, scientists have developed a plan to construct a reactor that will transmute some of the radioactive nuclides into either more productive fissionable fuel for reuse or into nuclides with shorter half-lives.(Marcus, Progress in Nuclear Energy, 2000)  Another waste treatment being proposed is a process of partitioning.  In the process, the radionucleids are separated.  Once this is accomplished, the separated components of the mixture are significantly less radiotoxic. (Kessler, 2002)
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