Uranium enrichment

Mining

Uranium ore can be extracted through conventional mining in open pit and underground methods similar to those used for mining other metals. In situ leach mining methods also are used to mine uranium in the United States. In this technology, uranium is leached from the in-place ore through an array of regularly spaced wells and is then recovered from the leach solution at a surface plant. Uranium ores in the United States typically range from about 0.05 to 0.3% uranium oxide (U3O8). Some uranium deposits developed in other countries are of higher grade and are also larger than deposits mined in the United States. Uranium is also present in very low grade amounts (50 to 200 parts per million) in some domestic phosphate-bearing deposits of marine origin. Because very large quantities of phosphate-bearing rock are mined for the production of wet-process phosphoric acid used in high analysis fertilizers and other phosphate chemicals, at some phosphate processing plants the uranium, although present in very low concentrations, can be economically recovered from the process stream.
Enriching Uranium 

Enriching uranium increases the amount of "middle-weight" and “light-weight” uranium atoms. Not all uranium atoms are the same. When uranium is mined, it consists of heavy-weight atoms (about 99.3% of the mass), middle-weight atoms (0.7%), and light-weight atoms (< 0.01%). These are the different isotopes of uranium, which means that while they all contain 92 protons in the atom’s center (which is what makes it uranium). The heavy-weight atoms contain 146 neutrons, the middle-weight contain 143 neutrons, and the light-weight have just 142 neutrons. To refer to these isotopes, scientists add the number of protons and neutrons and put the total after the name: uranium-234 or U-234, uranium-235 or U-235, and uranium-238 or U-238. 

The fuel for nuclear reactors has to have a higher concentration of U-235 than exists in natural uranium ore. This is because U-235 is the key ingredient that starts a nuclear reaction and keeps it going. Normally, the amount of the U-235 isotope is enriched from 0.7% of the uranium mass to about 5%. Gaseous diffusion is the only process being used in the United States to commercially enrich uranium. Gas centrifuges can also be used to enrich uranium. Although this enrichment process is not used in the United States, the NRC is conducting licensing activities concerning two planned centrifuge facilities. 

Gaseous Diffusion 

Process: In the gaseous diffusion enrichment plant, the solid uranium hexafluoride (UF6) from the conversion process is heated in its container until it becomes a liquid. The container becomes pressurized as the solid melts and UF6 gas fills the top of the container. The UF6 gas is slowly fed into the plant’s pipelines where it is pumped through special filters called barriers or porous membranes. The holes in the barriers are so small that there is barely enough room for the UF6 gas molecules to pass through. The isotope enrichment occurs when the lighter UF6 gas molecules (with the U-234 and U-235 atoms) tend to diffuse faster through the barriers than the heavier UF6 gas molecules containing U-238. One barrier isn’t enough, though. It takes many hundreds of barriers, one after the other, before the UF6 gas contains enough uranium-235 to be used in reactors. At the end of the process, the enriched UF6 gas is withdrawn from the pipelines and condensed back into a liquid that is poured into containers. The UF6 is then allowed to cool and solidify before it is transported to fuel fabrication facilities where it is turned into fuel assemblies for nuclear power reactors.

Hazards: The primary hazard in gaseous diffusion plants include the chemical and radiological hazard of a UF6 release and the potential for mishandling the enriched uranium, which could create a criticality accident (inadvertent nuclear chain reaction).

Plants: The only gaseous diffusion plant in operation in the United States is in Paducah, Kentucky. A similar plant is near in Piketon, Ohio, but it was shut down in March 2001. Both plants are leased by the United States Enrichment Corporation (USEC) from the Department of Energy and have been regulated by the NRC since March 4, 1997.
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Natural uranium contains 99% U-238 and only about 0.7% U-235 by weight.


The uranium enrichment process increases the concentration of
U-235 to the amount needed for use in reactor fuel. 

Gas Centrifuge 

The gas centrifuge uranium enrichment process uses a large number of rotating cylinders in series and parallel formations. Centrifuge machines are interconnected to form trains and cascades. In this process, UF6 gas is placed in a cylinder and rotated at a high speed. This rotation creates a strong centrifugal force so that the heavier gas molecules (containing U-238) move toward the outside of the cylinder and the lighter gas molecules (containing U-235) collect closer to the center. [image: image2.jpg]



The stream that is slightly enriched in U-235 is withdrawn and fed into the next higher stage, while the slightly depleted stream is recycled back into the next lower stage. Significantly more U-235 enrichment can be obtained from a single unit gas centrifuge than from a single unit gaseous diffusion stage. No gas centrifuge commercial production plants are operating in the United States, however, both Louisiana Energy Services (LES) and USEC Inc. have submitted license applications. USEC Inc. was granted a license in February 2004 for a demonstration and test gas centrifuge plant, which is currently under construction.

Plutonium cycle

Many countries are using the reprocessing services offered by BNFL and COGEMA, here the fission products, uranium and plutonium are separated for disposal or further use. Already BNFL have started to make MOX fuel which has been supplied to power reactors in many parts of the world. This use of fuel which was created in a reactor closes the cycle. It is likely however, that after several recycles of plutonium that the isotropic signature of the plutonium will not be favourable for further use in a thermal reactor.

[image: image3.jpg]PurU7)

‘Enrichment '/—‘
Ore processing —»  Fuel production  ——» iﬁ:’;’, ——> Reprocessing

Fission products
Fe el




A fuel cycle in which Pu is used for fuel

Minor actinides recycle

It has been proposed that in addition to the use of plutonium, that the minor actinides could be used in a critical power reactor. Already tests are being conducted in which americium is being used as a fuel. But it is important to note that neutron bombardment in even a fast reactor is not a suitable method for 'burning' all the transplutonics. For instance if curium is irradiated with neutrons it will form the very heavy actinides Californium and Fermium which undergo spontaneous fission. As a result the neutron emission from a used fuel which had included curium will be much higher.

A number of reactor designs (for example, the Integral Fast Reactor) have been designed for this rather different fuel cycle. In principle, it should be possible to derive energy from the fission of any actinide nucleus. With a careful reactor design, all the actinides in the fuel can be consumed, leaving only lighter elements with short half-lives. No such reactor has ever been operated on a large scale.

It is vital for transmutation of the transplutonium metals the neutron energy should be high. Even the neutron energy in a fast breeder reactor (which can be used as a fast burner if operated with a different fuel) might not be high enougth. One alternative to a critical reactor where neutrons are generated by the fission of actinide nuclei is an accelerator driven sub-critical reactor. Here a beam of either protons (US and European designs) or electrons (Japanese design) is directed into a target. In the case of protons, very fast neutrons will spallate off of the target while in the case of the electrons very high energy photons will be generated. These high energy neutrons and photons will then be able to cause the fission of the heavy actinides. It so happens that the neutron cross section of many actinides decreases with increasing neutron energy, but the ratio of fission to simple activation (ng reactions) changes in favour of fission as the neutron energy increases.

Depending on the neutron source the energy will differ.

· Thermal 0 to 100 eV 

· Epithermal 100 eV to 100 KeV 

· Fast 100 KeV to 3 MeV 

· DD fusion 2.5 MeV 

· DT fusion 14 MeV 

· Accelerator driven core 200 MeV (lead driven by 1.6 GeV protons) 

· Muon-catalyzed fusion 7 GeV 

Hence it should be possible to destroy even curium without the generation of the transcurium metals if the neutron energy is high, as an alternative the curium (244Cm, half life 18 years) could be left to decay into 240Pu before being used in fuel in a fast reactor. 
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A pair of fuel cycles in which U/Pu are kept separate from the minor actinides. The minor actinide cycle is kept within the green box

It is likely that the fuel wil lhave to be able to tolerate more thermal cycles than conventional fuel, this is becuase if the accelerator is likely stop working on a regular basis. Each time the accelerator stops then the fuel will cool down, it is normal in many conventional power reactors to run the plant at full power for weeks or months at a time, rather than switching it on and off each day.

· Fuel or targets for this actinide transmutation 

To date the nature of the fuel (targets) for actinide transformation has not been chosen.

Depending on the matrix the process can generate more transuranics from the matrix, this could either be viewed as good (generate more fuel) or can be viewed as bad (generation of more radiotoxic transuranic elements). A series of different matrixs exist which can control this production of heavy actinides.

· Actinides in a inert matrix 

The actinide will be mixed with a metal which will not form more actindies, for instance a solid solution of an actinide in a solid such as zirconia could be used.

· Actinides in thorium oxide 

The actinide oxide when mixed with thorium oxide will on neutron bombardment form 233U (While is fissile), it is likely that the 233U on further neutron bombardment would undergo fission and it is unlikely that the transuranium elements will be generated from the matrix.

· Actinides in uranium oxide 

This is likely to lead to the generation of new 239Pu.

Reprocessing
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The Sellafield reprocessing plant

Spent fuel discharged from reactors contains appreciable quantities of fissile (U235, Pu239), fertile (U238), and other radioactive materials, including reaction poisons (the reason the fuel had to be removed). These fissile and fertile materials can be chemically separated and recovered from the spent fuel. The recovered uranium and plutonium can, if economic and institutional conditions permit, be recycled for use as nuclear fuel.

Mixed oxide, or MOX fuel, is a blend of recovered uranium and plutonium and depleted uranium which behaves similarly (though not identically) to the enriched uranium feed for which most nuclear reactors were designed. MOX fuel is an alternative to Low enriched uranium (LEU) fuel used in the light water reactors which predominate nuclear power generation.

Currently, plants in Europe are reprocessing spent fuel from utilities in Europe and Japan. Reprocessing of spent commercial-reactor nuclear fuel is not permitted in the United States due to nonproliferation considerations. How ever the recently anounced Global Nuclear Energy Partnership would see the U.S.form an international partnership to see spent nuclear fuel reprocessed in a way that renders the plutonium in it usable for nuclear fuel but not for nuclear weapons.
To continue separating weapons-usable plutonium from spent nuclear power plant fuel when they have no practical program for using the separated material- reprocessing without a  purpose. Responsibly abandoned this practice, which has no domestic plutonium use program. Japan is also completing a massive plutonium separation plant at home. Japan completed a small-scale reprocessing facility and is currently completing a commercial reprocessing plant at Rokkasho-mura.

Japan has long justified its plutonium separation program on the grounds that it will guarantee that country energy independence by providing a domestic source of nuclear power plant fuel.

Waste disposal

A current concern in the nuclear power field is the safe disposal and isolation of either spent fuel from reactors or, if the reprocessing option is used, wastes from reprocessing plants. These materials must be isolated from the biosphere until the radioactivity contained in them has diminished to a safe level. In the U.S., under the Nuclear Waste Policy Act of 1982 as amended, the Department of Energy has responsibility for the development of the waste disposal system for spent nuclear fuel and high-level radioactive waste. Current plans call for the ultimate disposal of the wastes in solid form in licensed deep, stable geologic structures.

One method for making the waste from power reactors less likely to cause an ill effect to humans, and to make the disposal cheaper is to reprocess as per above.

