Reprocessing of Nuclear Fuels
Overview:

An overview of the current issues surrounding reprocessing.  Why is the issue of reprocessing important to consider right now?  The fuel cycle and how reprocessing is linked to the nuclear power industry.  As the MIT overview points out the fuel cycle issue is important because the choice of fuel cycle affects many all four key problems with nuclear power.  
See page 157 for a list of strange waste procedures in various countries. 

The MIT article gives four main areas of improvements for nuclear power to proliferate.  The goal of reprocessing is to improve nuclear power, so the areas of concern for reprocessing are the same with different emphasizes, reprocessing doesn’t introduce its own areas of problems. Many issues related to reprocessing are issues common to all of nuclear power.  In order to make this article more relevant, I’m going to focus on how reprocessing fares in relation to these issues and not on the merits of nuclear power.
The Fuel Cycle / Nuclear Waste

None of Japan’s 52 nuclear power plants use MOX fuel.  There are already 38 tons of separated plutonium in storage throughout Europe and Japan.  The Japanese believe that without Rokkasho political opposition to radioactive waste storage would prevent nuclear power from growing in Japan. (http://www.carnegieendowment.org/publications/index.cfm?fa=print&id=15955)
In 2001, Britain, France and Japan had 35 tons of Plutonium stockpiled compared to 10 tons in 1990.  Rokkasho will be capable of processing 800 tons of spent fuel a year.
(http://www.thebulletin.org/article.php?art_ofn=mj01burnie)

There are 200 tons of separated uranium in Europe, Russia and Japan (22, MIT).

The plant at Sellafield reprocesses wastes from 34 plants around the world. The spent fuel is dissolved in hot nitric acid, yielding 96% Uranium, 1% Plutonium and 3% other highly radioactive wastes. Overall, the output at Sellafield is vitrified waste, uranium fuel rods and MOX fuel rods. (http://news.bbc.co.uk/1/hi/uk/647981.stm)
How reprocessing works:  PU is one of the products in the fission reaction that takes place inside most thermal reactors.  Normally,    When a U-238 nucleus absorbs a neutron Pu-239 is produced, this reaction like the U-235 reaction, produces energy.  The energy in the U and Pu produced represents a potential source of energy. (102)  A basic reprocessing plant would do the following:  wait for the spent fuel to lower its radiation and heat output as it sits in pools of water at reactor sites, remotely remove the cladding material, the fuel pellets are dissolved in nitric acid, the uranium and plutonium are extracted (106).
There are two types of closed fuel cycles that have been partially implemented, thermal reactors and fast reactors. (107) Difference.  Fast reactors present their own design challenges andmost have been closed down as unsafe.  In this paper, I’m only considering thermal.  
There is a good diagram of the general fuel cycle in the MIT study.  (101)

There is a good diagram of the MOX fuel cycle (121).  The numbers were calculated as part of the MIT study assuming a certain fleet size and slightly more advanced reactor technology.  The diagram shows a steady state MOX system in which all plutonium is recycled once.  The units are somewhat strange, MT is metric tons and MTIHM is metric tons of initial heavy metals some of the heavy metal mass initially present in the fuel will be converted to energy in the fission process and will not be present in the spent fuel.  Recycling of plutonium would mean 40% less plutonium waste.  However, high level waste is also generatedThThis scenario, in which     , would require 15 reprocessing plants with capacity comparable to the La Hague COGEMA plant in France. (123)
 Once through PU recycling would only reduce the amount of nuclear fuel needed by 15%.  Could recycle uranium in the future, but at present it isn’t done since uranium is so cheap (123). 
The fuel cycle waste output (32).

The availability of uranium section (34), see notes 11 and 14, see (152).
Economics


Reprocessing is not economically viable.  The relative importance of economics, not the free market, may not have as large an effect as first assumed, decisions aren’t always made in the realm of economcs.  Why does reprocessing cost so much, what factors affect the cost.  How much would those factors have to change.  What’s the current economic situation surrounding reprocessing.
BNFL does business with the “UK, Japan, Germany, Switzerland, Spain, Sweden, Italy, Netherlands and Canada.” Overall, It’s orders are worth 1.2 billion pounds, but much of that comes from Japan. (http://news.bbc.co.uk/1/hi/uk/647981.stm)
Even a recent Japanese study concluded that reprocessed uranium will remain more expensive than first use uranium in Japan.  The assumptions about uranium price that Japan had been using when they decided to build the plant aren’t valid (the uranium prices predicted are too high)

(http://www.carnegieendowment.org/publications/index.cfm?fa=print&id=15955)

The OECD study concluded that a once through fuel cycle would cost about 15% less than a thermal reactor reprocessing fuel cycle would, while the MIT study concluded that it would cost 75% less. The OECD study is not completely unreasonable.  Since reprocessing in the context of a fuel cycle has not been fuelly implemented and since many of the costs involved are difficult to determine because of government funding.  Various estimated for various costs can be found on page 151(149-151).  

What would need to happen to make reprocessing economical (148). Why would disposing of HLW be significantly less than disposing of high level fuel?  Is the volume of the fuel really a key factor. 

Questions: (151) What percentage of the cost of nuclear energy generation is reprocessing.  How much do the uncertainties in the cost estimate affect our understanding of the situation.

In 1999, the Japanese company estimated that it would cost $20 billion to complete the reprocessing plant.

(http://www.thebulletin.org/article.php?art_ofn=mj01burnie)

MIT’s goal to make nuclear power realistic in the short-term might downplay the importance of long-term strategies for nuclear proliferation.

International Politics: Security / Non-Proliferation / Domestic Politics

The political benefits of reprocessing, allows countries to maintain more control over their energy supply, gives the illusion of a clean power source.  Why is it illegal in the U.S.?  The Danger of proliferation.  Proliferation and terrorism are different threats.
A Pu bomb can be made with 8kg of Pu, IAEA definition. Spent fuel however is highly radioactive, so it is difficult to make weapons out of spent fuel (66 MIT).

In 1976, Ford and Carter ended commercial reprocessing in the U.S. (106).  Other countries, such as Japan and Russia have banned the direct disposal of nuclear fuel (157).
Proliferation is the risk that more nuclear weapons will be built, principally by countries who were not before nuclear weapons capable states will become nuclear weapons states, but also by countries who already have nuclear weapons. 

Non-proliferation generally aims to prevent three main categories of activities. (65)  Reprocessing represents a particular threat to this three categories. “A fuel cycle infrastructure makes easier both the activity itself and the disguising of this activity.” (67)  Also suggests that research into an advanced fuel cycle could itself disguise illicit activities (68).
The MIT study points out that the chemical process used to separate PU from spent fuel is fairly well know and requires only a modest infrastructure to implement (66) 

Bush was criticized for burying a pro-reprocessing suggestion in a document.  The U.S. has banned reprocessing for the past 30 years.  Bush quickly retracted his suggestion, and  

(http://www.washingtonpost.com/ac2/wp-dyn?pagename=article&contentId=A6513-2001Jul1&notFound=true) 
The Japanese claim to have always wanted to build a nuclear reprocessing plant to increase their energy independence.  The Japanese also sight national pride, domestic politics and the sunk cost as reasons for going ahead with the plant.       (http://www.carnegieendowment.org/publications/index.cfm?fa=print&id=15955)
Much of the technology for the Japanese plant comes from France.  Some of the training also comes from France, but the training relationship is dicey.  The planet is currently designed to produce a mixture of uranium and plutonium rather than just plutonium oxide.  But people have questioned whether or not it is practical to use reprocessed uranium in the fuel. 

(http://www.thebulletin.org/article.php?art_ofn=mj01burnie)

The building of a Japanese reprocessing plant could set a bad international precedent in the civil use of weapons grade plutonium.  It will be easier in the future for Japan to build nuclear weapons.  The IAEA demands that MOX be guarded as a nuclear weapons material.  An increase in the amount of MOX in the world would increase the chance that it might be stolen by terrorists.
(http://www.carnegieendowment.org/publications/index.cfm?fa=print&id=15955)
How do you reduce the proliferation risk of the fuel cycle?  Joseph Cirincione in a testimony to Congress proposed three ideas.  The third choice is what Bush did.  The first is to have all reprocessing plants be multinational ventures, which makes it difficult for one country to clandestinely make nuclear weapons.  The second is market based, make reprocessing very economically unviable by guarantying uranium to all countries.  The third is to ask countries not to sell reprocessing technology to countries that don’t already have it. (http://www.carnegieendowment.org/npp/publications/index.cfm?fa=view&id=1492)

Safety and Environmental Effects


Terrorism.  Other safety issues, training, transportation.  Training is important whenever you are dealing with nuclear materials.  What happened in Japan?  Local environmental effects compared to other types of plants.  GreenPeace.  Global effects.  Reduction of waste storage as an environmental benefit?
There was a criticality accident in 1997 at Tokaimura, there was also an accident at the Monju fast breeder.  BNFL falsified data about the first shipment of MOX that it sent to Japan.  Japan suspended its plans to use the fuel.
(http://www.thebulletin.org/article.php?art_ofn=mj01burnie)  See other BNFL sources for who has regulatory over the fuel.  Potential regulation problem.
“BNFL guidelines say ships used for transporting nuclear materials should have double hulls and enhanced buoyancy in case of a collision or accident.”  http://news.bbc.co.uk/1/hi/uk/647981.stm)
The MIT study is particularly concerned with reprocessing plant safety.  Lists three reprocessing type accidents in note 5 and states that the rate of reprocessing accidents is much higher than that of reactor accidents. (51 MIT)   Safety is difficult to maintain because, nothing can be allowed to critical, workers must deal with radioactive materials such as spent fuel, so leaks and fires must be prevented (107). This may not be a completely fair predictor of future risks because safety in nuclear operations generally improves over time as we learn from past mistakes.  Nonetheless, the learning curve may not be worth the risk.
"To be trusted as a quality supplier to deliver safe, environmentally sound and profitable nuclear services and products." (http://www.bnfl.com/index.aspx?page=13)  Their vision statement is telling.
Extreme measures such as heavily reinforced boats certainly reduce the threat of theft, but they don’t eliminate it.  The more plutonium that is floating around the more likely it is that someone will make a mistake and leave it unguarded.

Conclusions

Alternatives: Fast breeders, terminal waste storage facilities, no nuclear power.  Public Sentiment.
The MIT article concludes that the closed fuel cycle is the way to go. (75).
8. Specious Arguments

The BBC states BNFL says that reprocessing prevents us from having to burn oil, but that doesn’t make any sense if we would use first use uranium instead.

(http://news.bbc.co.uk/1/hi/uk/647981.stm)
