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PLUTONIUM MANAGEMENT FOR THE FUTURE 

K. K. S. Pillay 
Nuclear Materials Technology Division . 

Los Alamos National Laboratory, Los Alamos, NM 87545 

ABSTRACT 

The management of excess nuclear materials 
from US weapons dismantlement has been the subject of 
numerous intellectual discussions during the past five 
years. Although there have been some objective 
recommendations, there is still much controversy 
surrounding the processes that could lead to a national 
decision on plutonium management. At this time, it is 
important to recognize that the two immediate needs of 
plutonium management are to secure the inventories of 
all plutonium in safe configurations and to develop 
strategies for reducing proliferation risks. Specific 
suggestions discussed here are to (a) accept the deterrence 
value of plutonium, (b) reappraise its potential as an 
energy resource, (c) recognize limitations to influence the 
future of plutonium use world-wide, (d) isolate 
recoverable weapons-grade plutonium and store it in 
stable configurations under international safeguards, and 
(e) manage plutonium in spent fuels so that the valuable 
resources are not lost to a future generation. 

I. INTRODUCTION 

Several scholarly examinations of the 
"plutonium problem" have emphasized the management 
of plutonium that originate from proposed weapons 
dismantlement in the US and the states of the former 
Soviet Union (FSU). 1 - 4 At the same time, some have 
designated plutonium as a material of no value, ignoring 
its actual production costs, value to US national defense, 
and enormous energy potential. Public discussion in the 
US appears to be dominated by those who consider 
plutonium a liability, favoring its elimination in the 
name of nonproliferation. The objective of this paper is 
to review present realities by highlighting some 
legitimate concerns about plutonium within the context 
of US fissile material disposition and to identify key 
issues important to near- and long-term management of 
world-wide plutonium resources for the benefit of both 
present and future generations. This paper begin with 
the assumption that from safety and safeguards 
perspectives,the near-term focus on plutonium 
management should be directed at securing all plutonium 
inventories in safe and enduring configurations. 

The universal concern about nuclear proliferation 
deserves attention, especially in the context of managing 
excess plutonium from weapons dismantlement. On 
September 27, 1993, President Clinton, addressing the 
United Nations General Assembly, proposed several 
initiatives designed to promote nuclear nonproliferation, 
including the concept of placing excess fissile materials 
from the US weapons program under International 
Atomic Energy Agency (IAEA) safeguards. The four 
essential elements of the President's comprehensive plan , 
are (1) securing existing stockpiles, (2) limiting 
production and use of fissile materials, (3) eliminating.; 
warheads, and (4) strengthening the nonproliferation 
regime. In March 1995, the US offered to place 200 Mt 
of excess fissile materials from weapons program under 
international safeguards and have already placed over 10 
Mt of fissile materials under IAEA safeguards during 
1995. 

In spite of these US initiatives, there are still 
major disagreements between the US and the rest of the 
world regarding the future use of plutonium. According 
to the Secretary of Energy, "the US policy on plutonium 
use has been more contentious than our policy on highly-
enriched uranium use" and "participation in recent 
international plutonium management discussions under 
the auspices of the International Atomic Energy Agency 
(IAEA) has provided the US government with insight and 
information on the views and motivations of other 
nations" in preserving and using plutonium as a valuable 
energy resource.5 The US is alone in discouraging and 
curtailing the use of plutonium for civilian nuclear energy 
production, and only the US considers the option of 
discarding plutonium as a liability. But, decisions 
impacting the world-wide use of plutonium should result 
from objective discussions among the international 
community. So far, the rest of the world community has 
been ignoring the US debate and is proceeding with 
cautious approaches to minimize proliferation risks while 
continuing to reap the benefits of all nuclear 
technologies, including the beneficial uses of plutonium. 
The ability of the US to convince the world of the 
perceived dangers of plutonium has proven to be an 
illusion; this concept continues to be a non-starter in all 
discussions with the international community, including 





the Russians, with whom the US has bilateral 
agreements to reduce the nuclear stockpile. 

It is equally important that the world 
community's current generation recognize its limitations 
in making objective judgements for all future 
generations. Therefore, it would be prudent to consider a 
near-term strategy for securing all plutonium inventories 
so that future generations can retain options for 
beneficial uses of this unique man-made resource. The 
discussions in the following sections summarize some of 
these options. 

n. PLUTONIUM FROM NUCLEAR WEAPONS 
PROGRAMS 

Between 1944 and 1988, the US built and 
operated 14 plutonium-production reactors and 8 large 
chemical plants for reprocessing irradiated fuels and 
recovered about 105 Mt of weapons-grade plutonium. 5-8 
Although details of plutonium inventories of other 
weapons states are not well known, the total amount of 
plutonium separated so far in FSU weapons programs is 
estimated at 150-200 Mt.5 World-wide, the total amount 
of plutonium separated for declared weapons programs 
may be estimated at 300-350 Mt. It is worth recalling 
that despite numerous formal proposals in the past, all 
efforts to control the production of weapons-useable 
fissile materials did not stop until the two superpowers 
decided to voluntarily terminate production because of the 
glut of nuclear materials in their inventories. In spite of 
last year's world-wide consensus to extend the nuclear 
nonproliferation treaty indefinitely and promises to 
promote nuclear-arms reduction, there have been both 
violations of the consensus agreements and overt efforts 
by some nations to build up their nuclear weapons 
capabilities. It is reasonable to assume that these efforts 
are likely to continue in the future. Therefore, world
wide weapons plutonium inventory (outside US and the 
FSU) is not likely to change significantly in the near 
future. 

Two recent independent estimates of the cost of 
nuclear weapons program in the US have concluded that 
during the past 50 years, the US has spent over $4 
trillion on nuclear weapons.6'7 One study estimates 
that about $400 billion were spent for the production of 
fissile materials.7 A closer examination of the data 
allows one to estimate the production cost of US 
weapons-grade plutonium at about $2 million/ kg. If we 
include future obligations for environmental restoration 
resulting from the original fissile materials production 

(estimated at about $350 billion), the real cost of 
weapons plutonium in the US may reach about $4 
million/kg.7.9 It may not be possible to recover the large 
sunk cost of producing the weapons-grade plutonium 
through peaceful uses such as energy production; 
however, it is possible that consumption of excess 
plutonium for peaceful applications will help us recover 
at least a portion of its true production cost. This 
scenario will also make it possible to denature weapons-
grade plutonium and store unused material in matrices 
comparable to all plutonium generated as a byproduct 
from nuclear power generation (also known as the "spent 
fuel standard"). 

Since 1988, the US's infrastructure for 
producing weapons-grade plutonium has been shut down; 
most facilities are being dismantled and almost all 
facilities are targeted for decommissioning. Although the 
end of Cold War may have reduced the central role of 
nuclear weapons in US national security, these weapons 
still play a major role as a nuclear threat deterrent.;1 

Government agencies will employ informed speculation 
to make prudent decisions as they consider various 
disposition options of plutonium that will become 
surplus when (and if) the bilateral treaties and voluntary 
declarations become realities. 

III. PLUTONIUM FROM NUCLEAR POWER 
GENERATION 

At present, there are approximately 430 nuclear 
power plants world-wide producing electrical energy. The 
uranium-based fuel used in almost all these reactors 
produces over 100 Mt of plutonium annually. About 
40% of all electrical energy produced in today's nuclear 
reactors results from the in-situ fission of plutonium in 
uranium fuels. In 1993 alone, these uranium-fueled 
reactors consumed at least 40 metric tons (Mt) of 
plutonium to produce about 840 Tw.h (tera watt-hours) of 
electricity.10-11 About 50-60 Mt of excess plutonium, 
not consumed during reactor operations are released 
annually as part of 9,000 Mt of spent fuels. 

No new nuclear power plant has been ordered in 
the US since 1977; however, completion of plants already 
under construction raised the number from 70 to 112 
during this period with a 250% increase in nuclear power 
generation. Data presented in Table-1 shows that during 
the past 15 years, the number of nuclear power plants 
world-wide has doubled, increasing in electrical energy 
production by 300%. It is also evident from Table-1 that 
even with large cancellation of new reactors in the US, 





there has been a net increase in the number of nuclear 
power plants in operation and under construction world
wide . At the same time, there have been a large number 
of cancellations of nuclear power plants in the US. 
Although most of the cancellations in the US are in 
response to governmental policy changes in the name of 
nonproliferation, a significant part of the cancellations 
resulted from 1970's overestimates of electricity 
demands. Of the 48 new plants now under construction 
world-wide, only one is in the US; the rest are in Europe 
and in the developing nations in Asia. The outlook is 
for nuclear energy use to increase world-wide, with the 
possible exception of the US and Sweden. 

Recovery and recycling of plutonium from 
spent fuels was an accepted part of the civilian nuclear 
fuel cycle during the early days of nuclear power 
development. About 47,300 Mt of civilian spent fuel 
were reprocessed by the end of 1993. The present world
wide, reprocessing capacity for civilian spent fuels is 
about 5,600 Mt/ yr, and it is projected to increase to 
77,000 Mt/ yr by the year 2005. At the end of 1993, the 
IAEA estimated that the total inventory of separated 
plutonium from civilian nuclear power reactors world
wide was about 100 Mt; it is expected to increase to 150 
Mt by the year 2000. A steady decrease is projected 
thereafter because of the planned use of plutonium as 
mixed oxide (MOX) fuels in existing reactor designs. 
The world-wide MOX fuel fabrication capacity is 
estimated at -100 Mt heavy metal (HM)/year, and it is 
projected to increase to 470 Mt HM/year by the year 
2005.!l These trends do not forecast an abandonment of 
nuclear energy world-wide or a desire to eliminate the use 
of fissile materials by the world community. 

Despite the current world-wide availability of 
relatively less expensive uranium fuel, many nations 
with limited energy resources are maintaining the MOX 
fuel option for the future. Of the 29 nations with 
nuclear power programs, 20 have reserved reprocessing 
options to reuse both excess uranium and plutonium. 
Two or three nations that are presently considering the 
throw-away scenario for spent fuels will thereby create 
large plutonium mines for the future. For example, the 
first geologic repository for spent fuels planned for the 
US will store over 560 Mt of plutonium and 62,000 Mt 
of uranium, as well as a host of other strategically 
important elements, all of which are readily recoverable 
(seeTable-2).i2,i3 

The majority of nuclear reactors operating for 
electricity production burn fuel slightly (3-5%) enriched 
in 2 3 5 U. When discharged from die reactor, such fuel 
typically contains about 0.8% of unbumed 2 3 5 U, about 

94.3% 238u, 4.9% of fission products, and about 2 wt% 
by weight of newly formed isotopes of heavy elements, 
including plutonium.14 Although the spent fuels are 
extremely radioactive when discharged from the reactor, 
the radioactivity level decreases by several orders of 
magnitude within a few hundred years. At that time, 
reprocessing and recovery of valuable resources listed in 
Table-2 would be relatively easy. When known reserves 
of uranium are depleted and fission product radioactivity 
of today's spent fuels decreases, these spent fuels will 
become highly desirable sources of all the materials 
mentioned above. Therefore, it would seem prudent to 
design long-term storage systems for spent fuels so that 
these resources can be readily recovered for future use. 

Table. 1. Contributions of Nuclear Power Plants (NPPs) 
to Electrical Energy Generation* 

USA World 

1979 1995 1979 1995 

Operating NPPs 70 109 253 432 

NPPs under 
construction 85 1 226 83 

NPP generation 
as % of total 
capacity 10.5 22 8.3 17.4 

NPP generation 
(Tw.h) 251 640 681 2130 

Cumulative 
Inventory 
of Spent Nuclear 
Fuel(MtHM) 6,500 29,800 - -135,000 

Data taken from a variety of sources includes (a) IAEA 
Power Reactor Information System Data Base, (b) IAEA 
Year Book-1995, (c) 1981 edition of IAEA's Energy, 
Electricity, and Nuclear Power Estimates, (d) Integrated 
Date Base Report-1994 (DOE/RW-0006, Rev. 11), and (e) 
1995 edition of World Nuclear Outlook (DOE/EIA-
0436(95). 





The list of elements shown in Table-2 includes 
three stable elements categorized as precious metals. 
Although most of the elements listed do not yet have 
established market value, they are considered highly 
valuable a variety of unique applications. The 
strategically important elements rhodium, palladium, and 
ruthenium are illustrative of the valuable resources 
present in spent fuels. At the end of 1995, the whole 
sale market prices of rhodium, palladium and ruthenium 
were $300, $130, and $30 per ounce respectively.15 At 
that price, these three minor constituents of spent fuel 
that will be contained in the first US geologic repository 
are worth a billion dollars. In late 1989, several spent-
fuel reprocessing contracts were negotiated by the Federal 
Republic of Germany and Japan with reprocessing 
facilities in the U.K. and France. The contracted 
reprocessing costs were in the range of $100,000/ kg of 
plutonium contained in spent fuels.16 Using this 
estimate, the reprocessing cost for spent fuels in the first 
geologic repository could be estimated at about $56 
billion. Because 1 Mt of plutonium has the energy 
equivalent of 22 Tw.h, the energy potential of fissile 
plutonium from spent fuels in the repository is about 
12,300 Tw.h.10 This is equivalent to 18 times the total 
amount of electricity generated from all 109 US nuclear 
power plants in operation during 1995. 

From now on, there are more opportunities to 
use spent-fuel reprocessing services because of new 
plants that will come on-line within the next few years. 
One of the new contenders will be the RT-2 reprocessing 
plant at Krasnoyarsk-26, Russia, which offers 
reprocessing services to all international customers. 
Although the economics of fissile-material use for 
nuclear power generation still favors low-enriched 
uranium, the total resource recovery from spent fuels 
may offer some unique opportunities when the 
radioactivity levels of spent fuels have decreased and 
most of the resources listed in Table-2 become rare. 

IV. DISPOSITION OPTIONS 

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. In a 1994 report, the NAS 
considered all known options and recommended three 
preferred approaches: (1) the spent fuel option, (2) the 
vitrification option, and (3) the deep borehole option. 1 
In June 1995, a second NAS report to the DOE 
recommended parallel examination of only the first two 
options.2 A third NAS report examined in great detail 

the value of separations and transmutation technologies 
for actinide disposition. The NAS Committee found "no 
evidence to substantiate the benefits claimed for high-
level waste management" by the proponents of this 
technology.3 This later report further recommends the 
preservation of once-through fuel cycle in the US because 
"it has the advantage of preserving the option to retrieve 
energy resources from wastes for an extended period of 
time." Thus, NAS considered the spent-fuel standard, 
proposed in all three reports the most pragmatic approach 
to manage all plutonium inventories under the present 
circumstances. This approach recognizes the proliferation 
concerns, the near-term economics of nuclear-power 
generation, and the resource needs of the future. 

Table-2. Approximate Inventories of Valuable Materials 
in the First Geologic Repository Proposed 

Material Type Inventory (in Mt) 

Spent Fuel 70,000 

238U 66,000 

235U 800 

Plutonium 560 

Ruthenium 150 

Palladium 85 

Technetium 50 

Rhodium 30 

Neptunium 30 

Americium 5 

Curium 2 

In August 1995, a Special Panel appointed by 
the American Nuclear Society (ANS) reported their 
findings on the future role of plutonium.4 Although the 
ANS Panel report endorses the NAS findings, they argue 
that the plutonium problem is not limited to excess 
plutonium from proposed weapons dismantlement. 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. Noting 





the progress in advanced reactor concepts in Japan, 
Russia, and Europe, the ANS Panel strongly 
recommended reversing US decisions to halt development 
of reprocessing and breeder reactor technologies. The 
ANS special panel report also includes a detailed sub-
panel report favoring reprocessing, refabrication, and 
reuse of fissile materials rather than the once-through 
fuel cycle. 

V. STANDARDS FOR NONPROLIFERATlON 

The new and significant nuclear nonproliferation 
challenges resulting from the end of the Cold War and are 
of great interest to the world community. The subject of 
increasing worldwide plutonium inventories has been 
intensely examined by IAEA member states and the US 
has taken initiatives in bringing the world community 
together on this issue. The US played a major role in 
the successful efforts that resulted in an international 
consensus to indefinitely extend the Nuclear 
Nonproliferation Treaty. The US's initiatives to secure 
FSU nuclear materials and expertise, limit the use of 
weapons-useable fissile materials, establish transparent 
nuclear arms reductions, and increase support for the 
IAEA are all intended to strengthen the nuclear 
nonproliferation regime. 

In the context of excess weapons plutonium 
disposition and long-term management of plutonium 
from all sources, the creation of a nonproliferation 
standard has a vital role. Deterrents to diversion include 
physical and radiation barriers, physical protection of 
nuclear materials, and the ability to independently verify 
declared quantities of fissile materials at regular intervals. 
The radiation barrier is especially valuable in preventing 
diversion by terrorists or internal collaborators. 
Although radiation barrier alone is not necessarily a 
deterrent to state-sponsored diversion, it has definite 
value in timely detection of all potential diversion. 

One specific and pragmatic recommendation for 
a nonproliferation standard for excess weapons plutonium 
disposition emerged from NAS's detailed examination of 
issues.1 3 The Academy's recommendation to convert all 
excess weapons plutonium to the spent fuel standard is 
generally accepted by most participants of plutonium-
disposition discussions. After examining 37 different 
options for plutonium disposition, the on-going 
Programmatic Environmental Impact Statement (PEIS) 
process has selected 11 technically viable options for 
further study. This process, in principle, could arrive at 
a prescriptive nonproliferation standard based on the NAS 
recommendation. 

VI. STANDARDS FOR STORAGE SAFETY 
Large quantities of radioactive wastes and fissile 

material residues left in rather undesirable storage 
configurations during the Cold War has resulted in a 
major shift in DOE's focus from nuclear weapons 
production to environmental management.17"19 The 
DOE's comprehensive evaluation of the vulnerabilities 
of plutonium at the DOE sites, performed in 1994 
determined that about 26 Mt of plutonium inventory at 
these sites are stored under vulnerable conditions and 
recommended corrective measures to address those 
vulnerabilities and to store plutonium in safe 
configurations.19 The standards for safety of plutonium 
storage have different issues and obligations. Recently, 
Thomas Grumbly, DOE's Assistant Secretary for 
Environmental Management pointed out the enormous 
cost of maintaining too many vault repositories for fissile 
materials. He estimated that the maintenance cost of one 
plutonium storage vault at Hanford at about $30 million/ 
year.20 With these costs in mind, there is an additional-' 
incentive for developing storage standards that will reduce 
the volume of materials to be stored as well as the 
number of storage facilities. 

As part of a mandate by the Defense Nuclear 
Facilities Safety Board (DNFSB) and in recognition of the 
DOE's plutonium vulnerability assessment there is an 
on-going effort to develop standards for both short- and 
long-term storage of plutonium metal, plutonium oxide, 
and miscellaneous residues. 1 8> 2 1 Because current DOE 
programs are predisposed to cost-benefit and risk analyses, 
operational efficiency audits, and funding constraints, 
there is a potential for compromising safety to meet the 
dictates of other subjective analyses. A standard recently 
developed by a group of DOE contractors for storage of 
plutonium metal and oxides is typical of such 
compromises; it is still being examined and 
improvements are being proposed to meet the undefined 
long-term storage requirements.22-23 

An ideal safety standard for excess plutonium 
storage would be to chemically isolate all plutonium 
from miscellaneous matrices, convert the extracted 
plutonium into highly stable chemical configurations, 
and store it in a nondispersable form, under multiple 
containment and in inert atmospheres. The NAS study of 
excess plutonium issues did not recommend details of 
storage standards. Therefore, any standards proposed by 
DOE contractors could benefit from an independent review 
and acceptance by at least one of the organizations 
internationally recognized for standards development, such 
as the American Society for Testing Materials. Such peer 
review would also be valuable in assuring the public of 





the long-term safety of excess plutonium storage. 

A wealth of experience is available in the area 
of stabilizing and storing fissile materials for extended 
storage. Since the discovery of plutonium, people have 
learned to work with this material in safe conditions 
through numerous technological innovations. As a 
result, all plutonium handling is performed using 
multiple containment and in hardened facilities with 
redundant safety systems designed for confinement, 
ventilation, radiological protection, and criticality safety. 
Also in place are sophisticated security, materials 
accountancy, and verification systems that have proven 
effective in preventing and detecting diversion of 
plutonium. 

During the past fifty years, the nuclear fuel 
fabrication industry and nuclear weapons programs have 
developed highly reliable technologies to fabricate 
plutonium as metals and oxides, which can be stored for 
extended periods and are designed to withstand a variety 
of hostile environments. These technologies can be 
readily adapted for stabilizing and storing plutonium for 
an indefinite future. It is important to recognize that 
decisions made regarding standards for the stabilization 
and storage of plutonium is going to determine the safety 
as well as safeguardability of plutonium that are now in 
highly vulnerable conditions. 

VII. ELEMENTS OF A MANAGEMENT SCENARIO 

Bilateral arms reduction agreements between the 
US and the states of the FSU as well as voluntary 
pledges for further reduction in nuclear weapons by the 
two superpowers have created an optimistic environment 
for an overall reduction in nuclear arsenals. Although 
the responses of other weapons states to these bilateral 
reductions in nuclear stockpile have been disappointing, 
the world is presently predisposed to nuclear 
disarmament. There are abundant discussions of nuclear 
disarmament as part of a transition from the arms control 
regime to arms reduction. Unfortunately, this 
enthusiasm for arms reduction is joined by a campaign 
within the US to characterize plutonium as a liability. It 
is realistic to assume that plutonium cannot be 
disinvented nor eliminated. Furthermore, plutonium has 
demonstrated value to containing nuclear threats; and it 
has enormous energy potential. Therefore, it is prudent 
to approach future management of plutonium with the 
objective of reducing liabilities while preserving all 
options for its beneficial uses. 

allow us to handle all forms of plutonium and to 
chemically process them into stable configurations for 
long-term storage. This option has numerous advantages, 
including the ability to contain plutonium in minimum 
space and to maintain highly reliable safeguards through 
independent verification. Additionally, this option allows 
for carrying out other conceived options in the future. 

It is becoming abundantly clear that the 
generation responsible for creating plutonium in such 
abundance may not be capable of sensible management of 
this resource for the future. Therefore, it is appropriate 
for this generation to safely store this valuable material 
and let a future generation - one that in addition to the 
plutonium will inherit the real costs of producing this 
material - decide on a disposition option. To achieve this 
safe storage now, the initiatives below must be agreed 
upon. 

• The debate on alternatives for plutonium disposition 
should include the voice of informed outsiders as well as '> 
sober critics, along with vested interest groups. 

• In the US, address the recommendations of DNFSB and 
NAS, and assign near-term priorities to chemical 
separations, stabilization, and storage of excess 
plutonium from proposed weapons dismantlement in 
enduring configurations, preferably under IAEA 
safeguards. 

• Consider options for world-wide, near-term spent-fuel 
management, through judicious combinations of 
management and safeguards scenarios that would make 
contained plutonium inaccessible for nuclear weapons. 

• Determine appropriate world-wide long-term spent-fuel 
storage strategies that incorporate design features 
enabling future recovery of fissile, f e r t i 1 e , a n d 
strategically important materials. 

• In an open environment with international participation 
and cost-sharing, develop and continually improve 
technologies for extracting and using valuable resources 
from spent fuels and these technologies should be 
developed 

• Recognizing its limitations to influence the world 
community, the US should continue to participate in 
international plutonium management discussions, and 
should provide both technical and policy leadership in 
objective discussions about the future of plutonium 
management and beneficial uses of nuclear technologies. 

There is considerable knowledge base that will 
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