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I. Introduction

Nuclear nations have several similarities in the way they deal with the disposal and storage of high-level radioactive waste and spent nuclear fuel.  There has been a resurgence of nuclear power throughout the world based on a desire for energy independence and the connection of carbon-based energy sources to climate change.
 Over the past two decades, nuclear nations have commissioned various scientific studies to solve the problem of safe and permanent nuclear waste storage.  With modern reactor designs, the most dangerous part of nuclear power is activity associated with the waste, such as storage, transportation, and handling.

Most nuclear nations have arrived at long-term, deep underground storage as the solution to this challenge.
  This is based on scientific study, safety concerns, and monetary resources.  Some nations reprocess spent nuclear fuel into material that can be reused.
  This reprocessing still leaves highly radioactive and highly dangerous material.  Temporary storage does not create the political backlash that permanent storage facility programs attract.
  Storage of low-level radioactive waste encounters less opposition from citizens and environmental groups than the storage of intermediate-level radioactive waste.  Similarly, intermediate-level radioactive waste is less controversial than high-level radioactive waste and spent nuclear fuel.  Nations are relying on interim storage at the site of generation for high-level radioactive waste and spent nuclear fuel.  Nations face political opposition for the permanent storage of high-level radioactive waste and spent nuclear fuel.  Transportation between nations of high-level radioactive waste occurs mostly in Europe.  Transportation safety should be monitored by the international community.
  The international community also needs to ensure that nations building permanent repositories for high-level radioactive waste are adhering to the minimum necessary standards of safety.  Even if well-drafted conventions and rules are created, these documents will need the support of the major nuclear nations.  Historically, acquiring the support of these countries has not been easy.

Section I of this article introduces relevant nuclear statistics which seeks to put the current state of affairs of nuclear waste into context.  This will include worldwide statistics on nuclear power generation.  The next section provides a detailed discussion of the major nuclear nations.  These nations include Japan, Germany, Russia, France, and Britain.  The nations are significant to this study for various reasons.  For instance, Germany is a major nuclear nation which has an officially planned phase-out for its nuclear power generation program. In contrast, France is nationally known for its successful nuclear power program, both in terms of power generation and waste management.  Russia is included both for its sometimes infamous nuclear history and its current dedication to a nuclear power future.  Russia is also noteworthy due to its vast amount of land which may be suitable for housing waste repositories.  The next section considers the international conventions which attempt to regulate the liability, safety, storage, and transportation of high-level radioactive waste and spent nuclear fuel.  This article concludes by uniting major themes and offering suggestions for the international future of high-level radioactive waste and spent nuclear fuel.

II. International Nuclear Statistics


There have not been many new nuclear reactors over the last few decades in the world.  This is changing based on nations’ desires for energy independence and also an environmentally friendly alternative to burning carbon-based material to create electricity.  Around the world, “currently there are 435 atomic reactors generating electricity in 31 countries.”
  This is electricity that is an integral part of nations’ economies.  These nuclear reactors “use close to 70,000 tons of enriched uranium per year.”
 It is the byproduct of the use of enriched uranium that creates the world’s spent nuclear fuel.  Throughout the world, nuclear power plants generate one-sixth of the electricity supply.
  This is an amount of energy that could not be easily replaced if nuclear production ceased.  Every unit of electricity that nuclear energy produces would have to be replaced if nations phased out nuclear energy.  This would mean increased reliance on coal-fired power plants, hydroelectric power plants, solar power, or wind energy.
III. Nuclear Nations

A. Japan


Japan has fifty-six nuclear reactors which produce twenty-eight percent of Japanese electricity.
 Japan is a nation that is increasing its reliance on nuclear power based on the desire for energy independence and reduction of carbon emissions.  Carbon emissions in Japan have been linked to acid rain which has had a negative environmental impact.  One of these impacts has been on Japanese fisheries which are a major part of the Japanese economy.
  Japan has “negligible mineral resources” which means it is dependant on other nations and the world economy for coal.
  Coal is the most prevalent way to boil water for electricity generation besides nuclear power.  The Japanese government seeks to decrease its dependence on foreign coal.  Japan demonstrates the trend for nations to increase energy independence to further economic stability and national security.

Japan is an island nation, which in terms of natural hazards is subject to “many dormant and some active volcanoes; about 1,500 seismic occurrences (mostly tremors) every year; tsunamis; [and] typhoons.”
 These natural hazards are known to impact facilities which generate nuclear power and the facilities which store the spent nuclear fuel.
  As a result, the Nuclear Waste Management Organization of Japan (NUMO) must conduct adequate experiments to fully understand the impact of Japan’s seismic activities on its nuclear waste storage facilities.  Japan’s susceptibility to tsunamis and typhoons also raises questions about nuclear waste storage.  Nuclear waste must be stored in a dry area.  The waste storage casks need to be kept dry so they do not rust and disintegrate.  It is also necessary to prevent water from washing over the waste casks which could cause leaching into the soil and the groundwater.  Such leaching could have agricultural as well as drinking water impacts.  The leaching would then give rise to liability issues from the government to farmers and other landowners.


As a result of its reliance on nuclear power, Japan has accumulated the spent nuclear fuel associated with nuclear power generation.  In response to this challenge the Japanese government established NUMO “to promote the implementation of disposal of high-level waste originating from nuclear power generation.”
 In its capacity as the organization for disposing of Japan’s vitrified high-level radioactive waste and Japan’s spent nuclear fuel, NUMO is responsible for the following activities:

· “Implementation of final disposal”

· “Selection and investigation of potential sites”

· “Construction, operation, and maintenance of the repository”

· “Closure of the facility and post-closure institutional control”

· “Research activities relating to the above”

· “Application for budget from waste disposal fund”
 

These wide-ranging responsibilities are consistent with similar national agencies of other nations which have a mature nuclear power generation infrastructure.  It is this consistent volume of power generation which necessitates the implementation of a waste management scheme.

NUMO’s responsibilities have proven to be contentious at times due to its receipt of vast financial and governmental resources and to the inherent danger of its activities.  NUMO is in a distinctive position due to the Japanese geography.  Japan is an island nation which has unique weather and seismic activities.  This is in contrast to nations such as the United States or Russia which can construct their waste repositories in areas that are sparsely populated and have been “forgotten” due to being out of the mainstream of society.  For example, the American West has been relatively unpopulated and has endured a history of nuclear weapons testing.  Also Russia has vast tracts of open land which have a history of nuclear testing and storage dating back to the Soviet era.


Japan reprocesses spent nuclear fuel to remove uranium and plutonium for further use in future nuclear power generation.
  The remainder of the material cannot be used to generate power.  This highly radioactive waste is solidified in a glass mold and then enclosed in stainless steel cask.
  The process of solidifying the waste in glass is called “vitrification.”  Japan also plans to use the multi-barrier systems that other nations will employ.  There will be a natural barrier and a manmade barrier in this plan, the solid waste in casks “will be encapsulated in strong metal containers (overpacks) and, once emplaced in the repository, will be surrounded by a clay buffer material.”
 Japan will also have a nuclear waste fund.  The Japanese government requires utilities which produce waste to pay into a fund that covers waste disposal expenditures in the future.
 This is the same strategy the United States uses.  In the United States, after the federal government delayed the opening of the Yucca Mountain repository, utility companies filed suit.  The federal court system ordered the United States government to pay damages based on this delay because the utilities had to store the waste on-site.  The Japanese government would be wise to learn from the American experience on the topic of waste funds.  It seems to be a universal fact that repository opening dates get pushed further into the future.  Japan should not contractually bind itself to a given date of accepting waste from the utilities.

B. Germany


Germany is a significant example of the nuclear nations due to its rejection of nuclear power.  In 2002, Germany passed the Nuclear Exit Law which will close the nation’s twenty-seven nuclear power plants by 2021.
  During the 2005 election, Chancellor Angela Merkel campaigned against the law, but she is now in support of it.  Nuclear power accounts for twenty-eight percent of Germany’s electricity so the nation will increase its dependence on foreign energy sources.
  This stance against nuclear power contrasts the trend of nations increasing their nuclear reliance due to threats of climate change and an effort to reduce carbon emissions.
  As a result, Germany has ceased its nuclear testing.  A recent poll shows that sixty-two percent of Germans support the Nuclear Exit Law.
  Germany’s nuclear lobby is trying hard to stall or prevent the shutdown of the reactors.  Regardless of the outcome, Germany has accumulated, and continues to accumulate waste that will require proper disposal.  The cessation of waste production does not preclude the necessity of housing the waste in Germany or another country.  The fact that Germany will phase out its waste generating capacity may make it a good candidate for a joint repository venture with another nation.
C. Russia

In 2007, Russia planned to build a floating nuclear power plant that would provide electricity to remote areas in the Arctic.
 The justification for this method was the difficulty of providing electricity to this part of the country through conventional means.  Technological innovation as a solution to problems is generally positive.  However, given Russia’s past history of dealing with nuclear waste, this endeavor could have its downsides.  This nuclear barge would be the size of a football field and would include two reactors.
 The plan is for the plant to “store waste and spent fuel in an onboard facility that workers will empty every 10 to 12 years during regular maintenance overhauls.”
 That sounds like a solid plan for a self-contained operation.  But Russia has a proven history of irresponsibly dealing with nuclear waste throughout the Soviet and post-Soviet period.
  This plan for a floating reactor is unsettling, given that “[f]or more than three decades, Russian scientists have disclosed, the Soviet Union and now Russia secretly pumped billions of gallons of atomic waste directly into the earth.”
 This injection raises many environmental issues which include damage to water, land, humans, and the natural environment in general.  

These dangerous waste disposal practices occurred at three sites: “Dimitrovgrad near the Volga River, Tomsk near the Ob River, and Krasnoyarsk on the Yenisei River.”
 This is evidence that these practices were wide-ranging and not just the tragedy of an isolated incident.  The amount of radiation injected could be up to three billion curies; by contrast, the Chernobyl accident was approximately 50 million curies.
 When considering the damage already attributed to the Chernobyl disaster, this raises questions of environmental problems on an even greater scale.  Using the evidence of the aftereffects of Chernobyl and then multiplying them shows the catastrophic nature of Russia’s past nuclear dumping.  This illustrates that Russia does not have a positive history of dealing with nuclear waste.
  The problem could be resurrected when Russia will have a nuclear reactor floating in the water.  Environmental protection and safe practices with dangerous material are traits learned over time.  Some of these workers could date back to the era of bad practices.  Their formative years could be from that period.  It is possible that some of these workers could be former Soviet personnel.  One possible solution could be openness to, and inclusion of, an international inspection regime that would have full access to the new Russian barges.  Barges of this nature are a novel idea and there are currently no established practices for regulating them.

Another example of Russian nuclear pollution is the Mayak Nuclear Facility, located in the Ural Mountains.  For 50 years, the Mayak facility dumped nuclear waste into Lake Karachai which now has “radiation levels ten times higher than the emissions during the Chernobyl explosion in 1986.”
 This has led the lake to being described as the “most polluted spot on earth.”
 The nation’s dumping did not involve any type of processing of the waste.  That dumping created such a dangerous situation that the best way to protect life is to prevent access.  The danger of cleanup and the difficulty of isolating the waste from the water outweigh the availability of current Russian resources.


Russia has a long history of dumping nuclear waste improperly.
  This came to light in the early 1990s, after the fall of the Soviet Union.  The open political and media climate was the only way this information could come to light.  In 1993, Russia released the official Yablokov Report detailing its history of dumping nuclear waste directly into the world’s oceans.
 The report verifies “the Soviet Union dumped 2.5 million curies of radioactive wastes, including 18 nuclear reactors from submarines and an icebreaker” into the Kara Sea and the Sea of Japan.
 This dumping has international implications including impacting fishing and damaging human safety.  In addition to the United States and the Soviet Union, “[o]ver the decades many countries declared publicly that they had dumped radioactive wastes at sea, including Belgium, France, Germany, Italy, Japan, South Korea, Netherlands, New Zealand, Sweden, Switzerland and Britain.”
 These public admissions and their acceptance that unsafe dumping is a bad practice are both positive steps.  Since the revelation that Russia had been dumping nuclear waste into oceans, there have been efforts to evaluate the extent of the environmental damage and find a solution to the problem.  This must be an international undertaking which requires cooperation and funding from various nations and environmental groups.  This is the type of project that will require help from many sources to find success.  Economic and technological resources are necessary but there must also be dedication on the human level to facilitate success.

Given the increased awareness of the impacts of climate change, nuclear power as a viable alternative has reappeared.
  With increased faith and reliance, comes the unfortunate by-product of spent nuclear fuel.  That is a problem to which all nuclear nations must devote resources.  In July 2006, the United States announced it would “open formal negotiations with Russia on a long-discussed civilian nuclear agreement that would pave the way for Russia to become one of the world’s largest repositories of spent nuclear fuel.”
 Russia is planning on “charging up to $1,600 per 2.2 pounds to hold it in perpetuity, but [is] also preserving the option to reprocess and resell it.”
 The problem with this plan for sending American nuclear waste to Russia is its history of unsafe dumping and storage of nuclear waste.  Another problem is Russia’s desire to possibly sell the nuclear waste.  The United States, or the rest of the world, would not want its waste to be sold to terrorists or rogue nations.  This also raises a question of liability on the part of the creator of the waste, even if an intermediary nation allows the waste to fall into the wrong hands.

D. France

“Nuclear power is the most dangerous way to boil water that mankind has ever invented.”

Dr. Bernard Laponche 

(retired French nuclear scientist)

This quotation highlights some of the conflicting issues in nuclear power generation.  One point is that nuclear power is simply another way to boil water and turn a turbine.  This is also how coal-fired power plants work.  The coal is burned to produce steam, which then turns a turbine.  One ceramic pellet of nuclear fuel contains the amount of energy approximately equal to one ton of coal while only being the size of the tip of a little finger.
 One other topic the quotation raises is the danger of nuclear power.  The spent nuclear fuel is radioactive for many years and poses a danger to humans and the environment.  Coal itself also releases radiation when it is burned.  Fly ash, which is released by burning coal “contains up to 100 times more radiation than nuclear waste.”
 Nuclear power can also be dangerous during the power generation stage.  The best examples of this danger are the famous nuclear accidents of Three Mile Island and Chernobyl. In fairness to nuclear power, these well-known accidents took place in an earlier era.  Emergency procedures and reactor safety are currently more advanced.  Designs for the next generation of reactors also have moved ahead in terms of safety and warning systems.  Regarding safety, nations that experience droughts could find themselves in a difficult situation because their reactors require a continuous supply of water.

France has fifty-nine nuclear power plants which generate eighty percent of its electricity.
 France is planning to use fourth-generation nuclear reactors “which should be able to re-use some nuclear waste as a source of energy.”
 France also has a history of dangerous dumping practices.  In fact, “from 1954 to 1969, the French reprocessing plant at La Hague discharged [low-level waste] directly into the English Channel.”
 Many nations dumped like this during the Cold War, so it is comforting to know that this practice is no longer accepted and nations refrain from doing it.  It is also necessary to note that it is not just the Soviet Union and later Russia who dumped nuclear waste indiscriminately.  It is now accepted from the scientific and political standpoints that dumping nuclear waste into bodies of water is a practice that should not be engaged in.  Based on that universal understanding, the international community should no longer tolerate dumping in that manner from the legal perspective and the moral perspective.


The French National Agency for Radioactive Waste Management (or Andra) is “responsible for the long-term management of radioactive waste produced in France.”
  It is a government entity, administratively under the control of the French Ministries for Industry, Research, and the Environment.
 France stores its low- and intermediate-level radioactive waste at the Aube waste disposal facility which has been in operation since 1992.
 Since 1992, France also stores low- and intermediate-level radioactive waste at the Manche waste disposal facility.
  The facility began its monitoring phase in 2003, which means it is under active surveillance for a period of ten years.
 

The success of these two low- and intermediate-level radioactive waste storage facilities illustrates the comparative ease with storing these classifications of waste as opposed to high-level radioactive waste and spent nuclear fuel.  This is a similar theme that other countries also experience.  That is why the classification of the waste becomes so important to the disposal process.  The lower the classification, the easier the waste is to store.  On the converse, the higher the classification of the waste, the more storage and security precautions must be undertaken to ensure the safety of humans and the environment.  This need for heightened safety measures is what makes the design and building of permanent repositories for high-level radioactive waste and spent nuclear fuel a process which takes decades.


The French Waste “Bataille” Act of 1991 conferred on Andra the responsibility “for carrying out research into the disposal of high-level, long-lived radioactive waste in deep geological formations.”
  In accordance with the Act, France has been studying the feasibility of deep disposal of “high-level, long lived waste” in a granite medium or a clay medium.
  A site in “Bure/Saudron has been selected for the siting of an underground research laboratory.”
  This laboratory will study “the feasibility of a repository in a granite medium” through its research program.
 This Bure laboratory will not be the future site of the repository because that was not the purpose of the laboratory and the land the laboratory is in does not have the proper characteristics.
  Scientists drilled bore holes which produced necessary core samples for studying.  The present and near future, from 2006 to 2010, involves a consolidation of the data and many long-term experiments.
 France’s high-level radioactive waste constitutes one percent of the total volume and ninety-six percent of the total radioactivity of French waste and consists of vitrified waste from spent fuel reprocessing.
  High-level radioactive waste emanates vast amounts of heat and is stored in stainless steel drums.

France will cut its arsenal of nuclear warheads from approximately 350 to less than 300.
  President Nicolas Sarkozy made this announcement to workers finishing France’s latest nuclear-powered submarine, christened The Terrible.  In his speech, President Sarkozy focused on his nation’s need for nuclear weapons.
 This highlights several issues relevant to nuclear waste.  Nuclear submarines produce reactor waste which is termed high-level radioactive waste.  Disassembled warheads also produce high-level radioactive waste.  Combined with spent nuclear fuel, high-level radioactive waste is the most dangerous type of waste and must be stored in long-term repositories, deep underground to be isolated from civilization and the environment.  The elimination of warheads and the commissioning of the new submarine is evidence of France generating more nuclear waste.  Reactors from decommissioned nuclear submarines worldwide contribute greatly to military generated radioactive waste.  These submarine reactors must be disassembled and stored properly to ensure the nuclear materials do not get into the wrong hands.

E. Britain
Like many other nuclear nations in the current era of climate change, Britain is already making plans for new nuclear power plants.  Britain relies on nuclear power to produce one-fifth of its electricity.
  As one of the steps, Britain is examining various reactor styles to find the best designs to fit its needs.  Britain is looking for clean and carbon free electricity to supply power for the next few decades.
 Another recurring theme used for justification of nuclear power by nations is the need for energy independence which is related to national security.  Leaders of nations seek energy independence due to the vicissitudes in the international market for the raw materials necessary for generating electricity.

Britain recently built a nuclear storage site at the former Trawsfynydd nuclear power plant that will hold intermediate- and low-level radioactive waste.
 The decommissioning work began at the site in 1993, and will not be completed until 2098.  The storage facility used 30 tons of reinforced concrete and is designed to last up to 150 years.
  Of the storage units being built in Britain, this is the first one to accept and store the waste.  Unfortunately this is not a permanent facility and it is not designed for high-level radioactive waste.  This is an interim measure until the nation can build a national nuclear repository for high-level radioactive waste.  This scenario is familiar throughout the nuclear nations.  Internal and external laws make it comparatively easier to legally store the low- and intermediate-level radioactive waste.  It is finding the final resting place for high-level radioactive waste and spent nuclear fuel which is the most difficult task for nations to complete in a timely manner.

Britain’s Committee on Radioactive Waste Management (CoRWM), concluded after three years of study that deep underground disposal was the best long-term solution for dealing with high-level radioactive waste and spent nuclear fuel.
 Like many nations, including the U.S., Britain decided on deep underground permanent disposal.  The rejected methods of permanent storage for spent nuclear fuel and high-level radioactive waste are ocean floor burial and tectonic subduction (placing the waste in deep ocean trenches between tectonic plates).
  In addition to those rejected methods, scientists considered placing the waste on polar ice sheets, transportation of the waste into space (burying the waste on the moon, sending it into the sun, or launching it into outer space), and simply leaving the waste aboveground at the power plants where it was generated.
  Before this permanent facility can be constructed, the committee recommends “robust interim storage measures.”
  This is also a step that other nations have taken.  Britain has the benefit of watching the American government’s Yucca Mountain project and knowing that it takes several decades for a permanent facility to be finished.  The committee did not identify potential disposal locations but it advised that host communities must acknowledge a “willingness to participate.”
  This is also a situation where Britain can benefit from watching other nations.  The British government has noticed the public opposition from Nevadans regarding the Yucca Mountain project.  

In terms of planning, Britain is using similar methods as other nations.  To prevent leakage, the committee recommended a two barrier method.  The fist barrier will be a natural barrier consisting of clay or rock and the second barrier will be a fabricated canister of tough metal in which the waste is stored.
  This two barrier method has added value because it takes advantage of material which is already present.  The rock or clay serves a natural barrier that will prevent seepage.  Using this two barrier method is a conclusion at which other nations building repositories have arrived.  The committee predicts that the first facility will take several decades to develop due to unforeseen budget problems and opposition from interest groups or local communities.  This is one area where hindsight and the experiences of other nations can help.  Britain must understand the necessity of patience in the construction of a deep underground repository for high-level radioactive waste and spent nuclear fuel.

IV. Law

A. Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management

As of December 12, 2007, there are 46 parties and 42 signatories to the Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management.
 This Convention includes France, Germany, Japan, the Russian Federation, the United Kingdom, and the United States of America.
 The Convention entered into force on June 18, 2001.
 The Convention applies to spent nuclear fuel and radioactive waste worldwide and its objective is “to ensure that during all stages of spent fuel and radioactive waste management there are effective defenses against potential hazards so that individuals, society and the environment are protected from harmful effects of ionizing radiation.”
 This objective is a broad statement of environmental protection which can be used to guide the actions nations take in their nuclear programs.  Specific reference to individuals shows how the convention applies to current human beings.  The reference to society could be interpreted as protection for humans in the long-term.  Specific reference to the environment gives legal validity to organizations trying to ensure and enforce safe environmental practices.  

The Convention does not just apply to environmental protection.  It also discusses the future construction of waste facilities.  When siting a proposed facility, members of the Convention shall “evaluate the likely safety impact of such a facility on individuals, society and the environment, taking into account possible evolution of the site conditions of disposal facilities after closure.”
 This objective shows the international community’s concern and desire to be involved with the permanent storage of spent nuclear fuel.  The difficulty is finding a way for an international organization to inspect, monitor, or otherwise be involved in the process of creating waste repositories.  It is possible, that given the international implications of nuclear waste, nations could enter into a joint venture in building a repository.  Therefore, the nations that have a stake may be more open to an international regulatory regime.  The drawback would be the nation that hosts the facility would probably claim to have a bigger say in the decision-making process.

B. Global Nuclear Energy Partnership (GNEP)

The U.S. Department of Energy (DOE) has a program called the Global Nuclear Energy Partnership (GNEP).  The goal of the GNEP is “to reprocess spent nuclear fuel which could then be shared with partner countries.”
  The DOE must balance this program with the current push to begin the construction of new nuclear power plants.  The GNEP is losing this battle for financial resources.  The United States has a mixed history with reprocessing nuclear waste due to the national security implications of the byproducts.  At times, America has been in favor of reprocessing spent nuclear fuel but most often America has not supported this process.  Reasons for this are that it is too dangerous, time-consuming, or expensive.  

The goal of reprocessing is to reuse some of the radioactivity to decrease the amount of waste that must be permanently stored.  Reprocessing separates “the plutonium and uranium in irradiated nuclear fuel from fission products and from other isotopes that have built up as a result of neutron absorption.”
  As a result of this process, the dangerous plutonium byproduct can increase the risk of nuclear proliferation and terrorist activity.  Arguments can be made for the funding of both programs.  The best course of action would be to devote resources to reprocessing waste before creating more power plants.  An increased number of operational power plants will undoubtedly create more waste.  Like many issues in the political world, countries must balance short-term and long-term needs to ensure that the proper attention is given to all areas requiring improvement.  When nations only focus on the activity that produces the waste, those nations are again pushing the problem off onto future generations while the present generation reaps the benefits of the current electricity consumption.  Not to mention, the current businesses and their stockholders also reap the benefits of the construction of new reactors.

C. Vienna Convention on Civil Liability for Nuclear Damage


The Vienna Convention on Civil Liability for Nuclear Damage was adopted on May 21, 1963, and entered into force on November 12, 1977.
 The Russian Federation is a party to the Convention.  The United Kingdom is a signatory.
  Japan, Germany, France, and the United States are neither parties nor signatories.
 Absence of major nuclear nations such as France and the United States subtracts from the legitimacy of any nuclear conventions in international law.  The Convention covers nuclear waste in its definitions section.  Article I, Section 1(g) defines nuclear waste as “any radioactive material produced in, or any material made radioactive by exposure to the radiation incidental to, the production or utilization of nuclear fuel.”
 Nuclear damage is defined as damage which results from “hazardous properties of nuclear fuel or radioactive products or waste in, or of nuclear material coming from, originating in, or sent to, a nuclear installation.”
 Article 4, Section 1 of the Convention states “the liability of the operator for nuclear damage under this Convention shall be absolute.”
 Article XI, Section 1 states jurisdiction of the Convention “shall lie only with the courts of the Contracting Party within whose territory the nuclear incident occurred.”
 Even though the Convention applies to nuclear waste “the international community has resisted proposals that would extend the [Convention’s] scope to encompass activities related to nuclear waste [repositories], particularly after their closure.”
 This gap in the law must be addressed in order to ensure the safety of future generations.  One reason for the lack of international rules in this area could be explained by the fact that nuclear nations have not settled their domestic law in this area.  Internationally, the United States’ Yucca Mountain project is seen as an example of a successful project.  In reality, that project is far from a guaranteed solution to the challenge of high-level radioactive waste and spent nuclear fuel.


There are generally accepted practices in dealing with nuclear waste.
  One such standard requires “wastes be isolated for thousands of years in impermeable containers.”
  Scientists have researched this practice and people who have experimented worldwide have reached agreement.  It is also acceptable to solidify the radioactive waste into glass and then enclose the leftover substance into the appropriate repository.
 It could be argued that science has led different nations to similar conclusions but it could also be that these have become nonbinding generally accepted practices.  In fact, most nations that are seriously considering an underground repository have accepted the two barrier system of a manmade barrier and a natural barrier.  One reason for the acceptance of these practices is the fact that the waste is extremely dangerous.  People have researched the radioactivity and know that it must be dealt with carefully.

V. Conclusion

Scientists and governments have widely accepted climate change as fact.  As a result, nations are seeking alternatives to burning carbon-based energy to generate electricity.  One of the most viable technologies for replacing this capacity to generate important wattage is nuclear power.  This has led to nuclear power’s resurgence.  Many nations have approved designs of advanced reactors or ordered new reactors.  In addition to nuclear power generation, there have also been positive steps in arms reduction involving nuclear submarines and nuclear warheads.  With these positive steps comes the problem of adding more mass to the high-level radioactive waste and spent nuclear fuel already accumulated.  As such, nations throughout the world are seriously considering ways to manage this waste.

After much scientific study and various projects in different stages of completion, nations have settled on deep underground entombment in permanent repositories.  The system of international law has several methods to deal with the liability, transportation, burial, and construction of facilities for this waste.  So far, many important nuclear nations have not even signed on to these international regulatory regimes.  The conventions that exist are vague and do not have strict enforcement methods.  Given the relatively early stage in the understanding of how to construct these repositories and how to ensure their success, these gaps in the law are understandable.  It will be necessary for the international community to continue to develop the law in this area just as it develops the science and technology.  As such, this will be a time-intensive process that requires dedication from nations and the international community as a whole.

One way nations may approach the challenge of storing nuclear waste in the future is a joint venture on a repository.  There are several reasons why this could be a good idea.  Some nations are not geographically suited for a repository due to geological conditions such as rock that is too difficult to dig through or clay that is not suitable as a natural barrier.  Some nations are too susceptible to climactic conditions.  Nations with large amounts of rainfall or ocean conditions such as tsunamis have a heightened risk of leaching.  Some nations have a limited nuclear program which does not require a full-scale repository.  For instance, Germany has decided to phase out its nuclear program and may not need or want a repository.  A joint venture could be positive in terms of sharing geographic assets, supplies, technological innovation, and human resources.  

It is the human resources factor that should be the focus.  Involving people with a stake in the project and a stake in the outcome could become an example for the rest of the international community.  Instead of relying on nations to negotiate and approve a regulatory regime, one example of successful teamwork producing a viable result would further the evolution of successful waste facilities.  Some factors must be considered from the outset.  The nations that undertake this exciting challenge and responsibility must have some history of working together and trusting each other.  The number of nations should also not be too large.  The more diverse interests that pull on the project could lead to some sort of halt in the positive forward momentum.  The nations must be appropriately close geographically.  Ideally these two or three nations would share a border so they would not have to transfer waste over the boundaries of a nation that is not a participant.  There is still too much uncertainty involved when transporting nuclear waste over other nations’ land or over international waters.  The nations involved need to assess what each has to offer in terms of making the project more successful together, as opposed to the outcome if each nation undertook the project separately.  

The most significant decision will always be which nation will host the actual repository.  The challenge will be to what extent that nation tries to trump decisions about the project based on hosting the actual location.  It seems that some of the nuclear nations in Europe who are located within a small area may be the best place to start thinking about this idea.  The framework of the European Union has shown some acknowledgement of the fact that these nations’ present and futures are intertwined.  The nations that agree must realize they would have to make concessions throughout the process.  A joint repository concept would require bold leadership to set an example which could greatly advance the international success of dealing with high-level radioactive waste and spent nuclear fuel.
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