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ABSTRACT 

Nuclear fuel cycles evolved over the past five decades have allowed many nations 
of the world to enjoy the benefits of nuclear energy, while contributing to the 
sustainable consumption of the world’s energy resources. The nuclear fuel cycle 
for energy production suffered many traumas since the 1970s because of 
perceived risks of proliferation of nuclear weapons. However, the experience of 
the past five decades has shown that the world community is committed to 
safeguarding all fissile materials and continuing the use of nuclear energy 
resources. Decisions of a few nations to discard spent nuclear fuels in geologic 
formations are contrary to the goals of an enduring nuclear fuel cycle and 
sustainable development being pursued by the world community. The 
maintenance of an enduring nuclear fuel cycle is dependent on sensible 
management of all the resources of the fuel cycle, including spent fuels. 

I. INTRODUCTION 

An enduring nuclear fuel cycle is an essential part of sustainable consumption, the 
process whereby the world’s resources are consumed in a responsible manner so 
that future generations can continue to enjoy at least some of them. However, the 
common basis of technologies producing nuclear explosives and consumable 
nuclear energy has been a preoccupation for some, predicament for others, and a 
perception problem for many. In recognition of the importance of nuclear energy 
for sustainable development, the converging relationships between nuclear arms 
reductions and civilian use of plutonium was the subject of numerous intellectual 
discussions world-wide and a major international conference. 1 An energy-starved 
world is trying to find abundant sources of energy, and several of them have 
adopted the nuclear option? The situation is somewhat different in the US, 
primarily because of an abundance of fossil fuels and the growth of antinuclear 
lobbying organizations into business ventures. 

When the Cold War ended, the attention of the world community suddenly turned 



toward the ideal world of disarmament and elimination of all nuclear weapons. 
Although elimination of nuclear terror is a highly desirable goal, there are those 
who consider nuclear disarmament as a fool’s errand. Also, there are opponents 
of nuclear energy using this opportunity to vilify all nuclear technologies and 
propose the banishment of all separated fissile materials from the biosphere. These 
secondary developments are detrimental to the survival of an enduring nuclear fuel 
cycle essential to the welfare of future generations. 

11. GLOBAL ISSUES 

Plutonium is the most well known among all man-made elements and it is 
produced when uranium is burnt in nuclear reactors. During the past 56 years, 
the world inventory of plutonium has increased from 0.5 microgram to 1400 Mt 
and the inventory is still increasing at the rate of about 70 Mt/year. More than 
seventy percent of the world’s plutonium is locked up in spent nuclear fuels 
produced from nuclear reactors. Most of the separated plutonium is in nuclear 
weapons establishments of Russia, the US, France, China, and Britain, and smaller 
quantities are produced in the civilian fuel cycles of France, Russia, Britain, Japan, 
Germany, Belgium, The Netherlands, Switzerland, and India. Although plutonium 
is often associated with nuclear weapons, it is recognized as a valuable nuclear 
fuel for the future. There are genuine concerns about the safety and security 
associated with the use of plutonium in both military and civilian applications. Two 
important issues that are dominating discussions about plutonium and will 
determine the use of plutonium in the coming century are: (a) safety of weapons 
plutonium stockpiles, and (b) proliferation potentials of plutonium from all fuel 
cycles. 

A series of safety and security examinations of weapons-grade plutonium in the 
US during the past several years have concluded that there are several 
environmental health and safety issues relevant to materials, facilities, and 
equipment used in nuclear material processing facilities in the US3 The safety and 
security issues identified for US inventories are also applicable to all 
weapons-grade plutonium world-wide. Although there have been no known 
diversions of meaningful quantities of plutonium from nuclear weapons fuel cycles 
world-wide, the proliferation issue has received much attention in recent years. 

111. EXCESS WEAPONS-GRADE PLUTONIUM 

Most of the open literature on excess weapons-grade plutonium are about US 
inventories and its future management. On March 1, 1995, President Clinton 



announced that an amount, in excess of 200 tons of fissile materials would be 
permanently withdrawn from the US nuclear stockpile and placed under 
international safeguards. The fissile materials that are surplus to US national 
defense needs consist of 38.2 Mt of weapons-grade plutonium and 174 Mt of 
highly enriched uranium. In addition, the US Department of Energy considers 
14.3 Mt of non-weapons-grade plutonium to be surplus and will be removed from 
weapons fuel cycle.4 A similar announcement of eventually removing large , 

quantities of weapons-grade plutonium and uranium from the Russian stockpile 
was made by President Yeltsin although the exact amounts are yet to b e ,  
determined. If all the bilateral agreements and voluntary reductions in nuclear 
weapons by the US and Russia materialize, about 100 Mt of surplus 
weapons-grade plutonium will result by the year 2003. 

IV. CIVILIANPLUTONIUM 

The International Atomic Energy Agency ( M A )  estimates that at the end of 
1997, 444 nuclear reactors world-wide were in operation and 35 new plants were 
under construction. Although the construction of new reactors in the western 
world has stabilized, the expansion of nuclear power in Asia and China continues. 5 

The uranium-fueled nuclear reactors now in operation generate approximately 100 
Mt of plutonium annually. Between 40 and 50% of this plutonium is consumed 
in-situ for energy production, and the remainder is released as part of nearly 
10,000 Mt of spent fuels. 

Another IAEA estimate shows that at the end of 1996, some 57,000 Mt of spent 
fuels from nuclear power plants had been chemically processed to recover 
plutonium. The world-wide reprocessing capacity will increase from 5,500 
Mt/year to 5,700 Muyear by the year 2010 and will generate 60-70 Mt of 
separated plutonium annually The extracted plutonium is being recycled or 
destined for recycling in civilian nuclear reactors. The IAEA has estimated that 
the total inventory of separated plutonium from civilian nuclear power reactors 
world-wide is about 120 Mt at the end of 1996 and the world-wide mixed oxide 
fuel fabrication capacity is about 100 Mt M y e a r .  

Of the 29 nations with nuclear power programs, 20 have reserved reprocessing 
options. A few nations presently considering the throw-away scenario for spent 
fuels will create large plutonium mines for the future. For example, the first 
geologic repository for spent fuels planned in the US will have over 500 Mt of 
plutonium, 60,000 Mt of uranium, and a host of other strategically important 
elements.6 The spent fuels will become highly desirable sources of numerous 



fissile, fertile and strategically important materials when most of the fission 
product radioactivity decays. 

V. PROLIFERATION ISSUES OF FUEL CYCLES 

Nonproliferation arguments for terminating the use of nuclear technologies in 
energy production has very limited support world-wide. However, proliferation 
potential of nuclear fuel cycles is a credible issue that has been sensationalized and 
exploited by all participants of the nuclear debate for their own advantage, 
creating paranoia among the public and policy makers. Since all plutonium is 
man-made, we have a reasonable accounting of its presence throughout the world, 
allowing international control of the distribution and use of this material. While 
it is possible to minimize nuclear proliferation potentials, it is impossible to 
assure its elimination. The world-wide support for the International Atomic 
Energy Agency and the indefinite extension of the nonproliferation treaty are 
expressions of the world community’s desire to prevent the clandestine use of 
fissile materials, while preserving all peaceful applications of nuclear 
technologies. 

One of the troubling developments of the 1990’s, following the disintegration of 
the Former Soviet Union (FSU) is a specter of stolen nuclear materials and the 
world-wide publicity of such reports. Although there were many (several 
hundred) reports of fissile material smuggling from the states of the FSU since 
1991, confirmed reports are very few (less than ten).7 The confirmed reports 
also indicate that the amount of fissile material involved were generally impure 
and pure fissile materials involved were in negligible amounts. 

Even before the collapse of the FSU, there were concerns over diversion of 
nuclear materials from peaceful uses. But the louder alarm of nuclear terrorism 
is based on the fear that some end-buyers could be non-state agents, including 
terrorist groups. However, in the last 56 years since the discovery of plutonium, 
there has not been any validation of independent terrorist organization, criminal 
or political, acquired or wanted to acquire plutonium. Unfortunately, this specter 
of nuclear terrorism is being exploited by vested interests, including the US 
entertainment industry. 

VI. PLUTONIUM DISPOSITION OPTIONS AND SAFEGUARDS 

Disposition of excess plutonium from weapons dismantlement and the 
management of increasing inventories of plutonium from nuclear power 
generation have been the subject of detailed discussions during the past several 
years. In 1992, the National Academy of Sciences (NAS) initiated a detailed 
examination of issues relevant to the management and disposition of plutonium 



from arms reduction agreements. Two reports from the Academy discussed all 
known options and recommended several “preferred approaches,” including the 
use of excess plutonium in reactor fuels.& 9 In August 1995, a Special Panel 
appointed by the American Nuclear Society ( A N S )  reported their findings on the 
future role of plutonium.10 Although the ANS Panel report endorsed the NAS 
findings, the panel, made up of international experts, goes on to recommend 
several national and international actions to protect and manage all plutonium for 
the future. After a detailed examination of numerous options based on NAS 
recommendations, the US DOE selected two options for further detailed 
examination.11 These options are (1) the use of plutonium as a mixed oxide fuel 
in existing reactors and converting plutonium-bearing fuels into spent fuels and 
(2) vitrification of plutonium as glass (or ceramic forms) and disposal of the 
stabilized material in geologic repositories. 

The fundamental objective of the weapons plutonium disposition program in the 
US and Russia can be achieved only when the two nations agree to carry out a 
disposition program in parallel. In general, Russian authorities have objected to 
weapons-grade plutonium disposal options, such as vitrification because of their 
strong conviction that plutonium is a valuable energy resource and a “national 
asset.” In the interest of moving forward with excess plutonium disposition, the 
US has accepted the idea of Russia disposing plutonium by means of mixed oxide 
fuel burning while adopting a combination of domestic options that satisfy 
various political constituencies. The divergence in disposition strategies of the 
two nations has encouraged some to argue that the potential exists for future 
recovery of weapons-grade plutonium from immobilization alternatives. 12 

There are a variety of safeguards challenges inherent in dismantling weapons, 
interim storage, processing, alternative uses, transportation, and final disposal. 
Systems and technologies developed for domestic and international safeguards of 
various parts of nuclear fuel cycles can be generally adapted to meet the needs of 
bilateral or third-party verification of weapons dismantlement and SNM 
disposition.13, 14 Well-known safeguards issues of civilian he1 cycles are 
common to one disposition option - the use of plutonium in reactor fuels and 
management of the resulting spent fuels.15 However, the knowledge base 
for safeguarding fissile materials in heterogeneous vitrified matrices is rather 
complex and there is no experience base in either domestic or international 
safeguards for this approach.16 

VII. SUMMARY AND CONCLUSION 

While there are differing views about the future of plutonium, the world must 
establish a comprehensive protection and management strategy for plutonium of 
all origins. Both near-term and long-term objectives require a variety of 



technologies and institutional innovations to secure and safeguard plutonium for 
an indefinite future. An objective reexamination of proliferation potentials and 
our ability to manage this risk is essential for the survival of an enduring nuclear 
fuel cycle. In order to reduce proliferation risks, the inventory of separated 
plutonium can be minimized by having a strategy to consume separated plutonium 
on a regular basis. 

The natural consequence of geologic isolation of spent fuels or plutonium vitrified 
with high-level wastes is to generate plutonium and uranium mines of the future 
when the short-lived radionuclides decay out and the economics of the fuel cycle 
changes. Both the US and the IAEA have policies that insure the safeguards of 
geologic repositories of spent fuels for an indefinite future.17 The transfer of 
burden to future generations to manage the discards of this generation is an issue 
of great significance and is contrary to all human experiences in the past. A 
logical alternative is to store spent fuel retrievably as an energy resource for the 
future and to provide for its protection and safeguards. It is also essential to 
establish an international consensus that can sustain the resource requirements of 
an enduring fuel cycle and a sustainable world. 
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