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ABSTRACT 
This paper considers the issues surrounding Plutonium and the current buildup in the civil and military stockpiles. 

These stockpiles need to be reduced and three alternatives are discussed for the use or disposal of Plutonium. This paper 
will continue the debate about what we can do with Plutonium in general and what opportunities it provides – do we 
bury it or ‘burn’ it? The alternatives debated are:– Mixed Oxide Fuel (MOx); Fast Reactors and their associated reactor 
islands and finally Immobilisation. The various consequences of disposal are also addressed. 

INTRODUCTION 
If we were to describe Plutonium in terms of its 

media coverage it must indeed be high profile but like 
many other “celebrities” that are subject to such attention 
it could make the claim that it is maligned and 
misunderstood. It seems that no matter what efforts people 
in the nuclear industry make, the word Plutonium still 
invokes reactions which are not favourable. It may seem 
in some cases like a hopeless task to try and turn back the 
tidal wave of negative opinion but there is firm evidence 
to demonstrate that Plutonium can be used in a positive 
manner. There are fears that the amounts of Plutonium in 
existence are growing and that in effect our high security 
stores are visualised as “scrapyards” containing a lethal 
and useless material. Although there appears to be dissent 
as to how to deal with Plutonium the dominant view is 
that the potential pernicious effects of Plutonium are 
advocated by a vocal minority.  

The nuclear industry, contrary to the beliefs of some 
outside, does not treat Plutonium and its accumulation as 
casually as it is sometimes accused of doing. On the 
contrary, when joining the industry as a complete novice 
the impression that was made was that Plutonium was 
analogous to a bank manager, treat it with the right respect 
and precautions and it will work for you. Treat it 
carelessly and without thought and it will work against 
you. The industry is all too aware of public concerns over 
military and civil Plutonium and the current stockpiles.  

This paper discusses three alternatives that may be 
used to address these concerns. These options are re-
evaluated in the light of new developments and changes in 
the current atmosphere. Re-evaluation should also 

encourage debate within the industry, which, if public, can 
demonstrate to those outside the industry the continuing 
efforts to address their concerns.  

DISCUSSION 
Opponents of the nuclear industry often describe 

Plutonium as “unnatural” and “man-made”, yet it has been 
found to occur naturally in the Oklo Nuclear reactor in the 
Gabon. (Meadley, 1995) Using the same criteria, plastics 
could be considered to be “unnatural” but they have 
become an accepted part of everyday life. Many people 
have tried to dispel the myths about Plutonium but it 
appears that the industry is a long way from convincing 
the majority of people. Contact with the public in the 
United Kingdom has led to the belief that better 
communication of old arguments combined with new 
improved rationale could be a main driver for changing 
their attitude. Whilst acknowledging that plutonium is a 
substance that is harmful to man in common with many 
other metals such as aluminium and mercury, the 
suggestion that it is one of the “substances most toxic to 
man” can definitely be challenged. Toxicity should not be 
confused with radioactivity. Like many substances, both 
Plutonium and Uranium are toxic to man when ingested 
into the body and similarly to mercury can cause kidney 
failure as well as other chemical related illnesses. The 
difference in attitude towards Plutonium and Uranium 
would appear to be due to the fact that both remain for 
many people, the symbol of potential military force due to 
their internal energies being used for weapons. 

Plutonium is handled in many institutions worldwide 
with extraordinary care. This care is carried out under 



 

 

robust and comprehensive international security and 
safeguards requirements. If Plutonium is used under these 
guidelines then the risks to the personnel employed and 
the public at large are considerably reduced. These 
measures are employed and reinforced because the 
industry and international bodies, like the public, are 
concerned about the safety of Plutonium and it is in the 
industry's interest to ensure that these measures are seen to 
succeed. The expense invested in such measures makes it 
clear that we do not treat these matters casually which has 
been the impression given by our vocal opponents. By the 
use of the word industry here, the global nuclear industry 
is indicated. None of us can have failed to notice the 
creeping negative opinion against nuclear power in 
Europe. Some of this can be associated with Plutonium 
stockpiles and what are seen as the potential challenges to 
dealing with them.  

Plutonium is a difficult material to handle but many 
of these difficulties have been overcome in the past 
enabling us to reach our current status today. Thus it is not 
inconceivable that any residual challenges of the present 
day can also be dealt with. 

One of the arguments frequently raised as an issue 
against the industry is that the amounts of both civil and 
weapons grade plutonium are rising. However it must be 
highlighted that the Plutonium from LWR's is different in 
nature to that of Plutonium applied to military use. 
(Akimoto, 1994) The Plutonium from civil reactors has an 
isotopic composition that would in an explosive device 
impair the control of detonation. In fact the amount of 
heat and radioactivity emitted from LWR Plutonium 
would make it difficult to even manufacture a damaging 
explosive device. (Akimoto, 1994) In theory it would be 
possible for a determined individual to manufacture a 
device using Plutonium but this possibility should be 
tempered with the knowledge that the vigilance with 
which it is guarded makes this possibility remote. Civil 
grade Plutonium is monitored and inspected to the highest 
possible levels whilst military grade Plutonium is subject 
to security classification. (Hayes, 1994) Controls on both 
are very strictly applied. There are various processes that 
are able to convert Plutonium oxide, which is the state in 
which the Plutonium leaves the reactor, to Plutonium 
metal, which is the form required for military purposes. 
However these processes tend to be very complex and do 
not necessarily provide a product that is pure metal. 
(Jenkins, 1959) Metal product contaminants still include 
unreacted Plutonium oxide and it can be shown that it is 
much easier to convert Plutonium metal to oxide for use in 
reactors than it is to successfully carry out the reverse. 
This fact can go some way to directing the answers to the 
questions that arise more frequently nowadays as to what 
can be done with the accumulation of excess civil and 
military Plutonium worldwide. 

As nuclear disarmament has begun and continues, the 
amount of Plutonium for disposal from military sources is 
increasing. The reprocessing of nuclear fuel results in both 
Plutonium and Uranium being produced thus resulting in 

the rise of civil Plutonium stocks. It can be shown that 
although the military Plutonium is of different 
specification than the reactor Plutonium and therefore 
they are two separate entities, they could be considered 
for civil uses as one stockpile. Using this key premise, this 
paper considers three alternatives open to us in order to 
allay people's fears. Several options demonstrate the 
opportunities that can be provided by Plutonium. To put it 
simply – do we “burn” the Plutonium or bury it? 

The First Alternative: Mixed Oxide (MOx) 
Fuel 

It is widely acknowledged that Plutonium can be used 
in significant quantities in the manufacture of MOx fuel. 
This has now taken fruit and MOx is at the stage where it 
can be recommended for use in all existing licensed Light 
Water Reactors (LWR's) as a partial loading. This use is 
subject to the licensing of each individual reactor to burn 
MOx fuel. It is possible to operate the reactor with higher 
burn-up where MOx fuel is utilised. (Ledermann 1999; 
Fukuda 1999) Burn-up refers to the amount of electricity 
generated for a given amount of fuel. In terms of fuel 
performance it means that with higher burn-ups more 
electricity is being generated by the same amount of fuel 
and the reactor is therefore operating more efficiently. The 
intention is to develop the reactors so that they are fully 
loaded with MOx fuel converting them to full Plutonium 
burners. This would be in preference to a partial loading, 
where the enriched Uranium present uses the generation 
of more Plutonium within the assembly to generate energy 
that reduces the overall level of destruction within a 
reactor. (Ledermann 1999; Fukuda 1999) Indeed one 
driver behind reprocessing was the intention of 
developing and using Plutonium in MOx fuel to produce 
electricity mainly due to the high energy potential. One 
unit of Plutonium when burnt as MOx fuel, produces the 
equivalent amount of energy as burning around two 
million units of coal. 

The MOx alternative is one that is currently being 
implemented. It is a fully developed process that 
manufactures MOx by mixing Uranium and Plutonium 
oxides. Using this in a reactor recycles the Plutonium but 
also consumes and degrades it. The spent fuel resulting 
from the burning of MOx fuel is proliferation resistant due 
to the low quantities of fissile Pu – 239. It is also highly 
radioactive and generates heat once removed from the 
reactor making it a less attractive option for any other 
purposes. Thus the burning of MOx fuel can be 
demonstrated to reduce the risks of Plutonium misuse. In 
detail, weapons-grade Plutonium requires a high fissile 
content of above 90% and a low Pu-240 content. 
(Ledermann, 1999) However as a result of the burn-up 
within a reactor the Pu-240 content rises whilst the fissile 
material is burnt up in the production of energy. The 
amount of fissile material used is dependent on how high 
the burn-up is of the fuel; a comparatively low burn-up 
will reduce the fissile content to 55%. (Ledermann, 1999) 



 

 

Currently MOx has been introduced into European 
LWR reactors and the Japanese utilities are also seeking 
to introduce MOx into their reactors. As the MOx loading 
is gradually increased so too will the consumption of 
Plutonium. The feasibility of full MOx core loading is 
currently being investigated. (Rouviere, 1999) Presently 
both loading and irradiation are limited but future 
strategies for higher burn-ups are being evaluated. 
((Ledermann 1999; Fukuda 1999) Full MOx loading 
potentially increases the amount of Plutonium burnt and 
simplifies the fuel assembly design by curbing enrichment 
zoning which would be required under a partial loading 
scheme. (Rouviere, 1999) During the evaluation it has 
been found that these improvements must be balanced 
against the necessary reactor changes such as increasing 
the number of control rods, increasing the boron 
enrichment of the rods which are required. Although 
further more complex analysis is required before 
implementation of full loading can take place, the work 
has already shown that the benefits of this alternative can 
be maximised. (Rouviere, 1999). 

Calculations by software programs of the IAEA 
(VISTA calculations) predicted that if the figure of 8 
tonnes of MOx being used in LWR’s in 1995 could be 
extrapolated worldwide and if it could be assumed that 
30% of the reactor core was MOx; then 25 tonnes of 
Plutonium would be absorbed every year in fabricating the 
fuel. (Fukuda, 1999) The IAEA estimated that about 76 
tonnes of Plutonium were contained in discharged spent 
fuels worldwide in the beginning of 1998 of which only a 
small amount had been used to manufacture MOx fuel. By 
the end of 1998, the VISTA estimates calculated that 
about 180 tonnes would be in existence based on known 
Plutonium usage. This scenario predicted further increases 
unless the Plutonium is utilised for the manufacture of 
MOx fuel. Additional calculations show that under 
multiple recycling with partial MOx loading, the trend is 
towards a reduction in the inventory.  

The predicted rises in Plutonium inventory are 
affected by each country's policies on fuel reprocessing 
and MOx manufacture. The Plutonium stockpiles and the 
fuel cycle plans vary from country to country. However it 
must be noted that these from the IAEA do not include the 
amount of Plutonium in existence from military uses, if 
they did then the stockpiles would be much larger. If as 
has already been suggested, the civil and military 
Plutonium stockpiles are treated as one for fuel 
manufacture then the use of weapons grade Plutonium 
within MOx fuel should be encouraged. Thus the 
Plutonium would be converted to a beneficial product for 
the generation of energy. This has commonly been known 
as a “swords to ploughshares” philosophy. It is in this vein 
that since 1998, several international collaboration efforts 
have, and are, being pursued. These include testing MOx 
fuel produced from weapons grade Plutonium to validate 
the reactor physics and the safety codes; evaluation of 
fabrication processes for weapons grade Plutonium into 
MOx fuel and the expansion of Russian fuel production 

facilities for the eventual conversion of the BN-600 
reactor to a hybrid and then a full MOx core. (Fukuda, 
1999) The latter would it is hoped turn an LWR into a full 
Plutonium burner.  

The Second Alternative: Fast Reactors 
A second alternative which is well known within the 

industry is to use the Plutonium produced as a result of 
reprocessing fuel from LWR's as the initial charge fuel in 
fast reactors. Fast reactors require larger quantities of 
Plutonium in the fuel in comparison to MOx assemblies. 
In addition, fast reactors are less sensitive to the purity of 
the Plutonium than LWR reactors and therefore require 
less processing in the manufacture of the fuel. (Kasai, 
1999) Development work on FBR's has demonstrated that 
the fuel can be burnt for longer periods of time at higher 
power ratings thus utilising the fuel as efficiently as 
possible before reprocessing would be required. In 
comparison, low burn-up, pure Uranium systems like 
LWR’s are known to have a higher level of Plutonium 
production and inherently a less efficient use of the fuel. It 
is the ability of fast reactors to extract the latent energy in 
the fuel that gives them their efficiency. Designs are in 
place for their use within a closed fuel cycle (Kasai, 1999) 
where several LWR's supply the charge fuel for a single fast 
reactor. This places power production; fuel reprocessing 
and fabrication in one unit thus reducing some of the risks 
perceived in the shipment of fuel and spent fuel. In the 
operation of a fast reactor in this context, the reactor can be 
engineered such that the only external feeds required would 
be Plutonium and depleted Uranium. Currently there is a 
worldwide glut of depleted uranium although how much is 
uncertain due to the as yet undeclared amounts available 
from stockpiles in existence such as those held by the 
Russian Federation. (Fukuda, 1999). 

Once the closed fuel cycle or the reactor island 
reaches steady state, the Plutonium is effectively 
“immobilised” in the cycle thus maintaining the objectives 
of the Non-Proliferation Treaty. Fast reactors are multi-
purpose. Their use can be moderated to suit the needs of 
the fuel cycle. They can be used to burn Plutonium or 
actinides or breed Plutonium depending on the Plutonium 
and Uranium supply and demand. Initially the intention 
would be to use up the Plutonium from the stockpiles. In 
burning this Plutonium, a drive towards balancing the 
production and consumption can be made. The possibility 
of being able to burn other actinides also provides a 
possible way of reducing the amount of high level waste 
produced. In a plutonium burning thermal reactor the fuel 
needs to be disposed of as waste after only one or two 
uses, in a fast breeder the number of times the material 
can be re-used is higher further reducing the amount of 
high level waste produced. (Kondo, 1998) In addition, 
Plutonium that is unusable in an LWR reactor can be 
burnt in a fast reactor.  

The key factor working against the concepts 
described above is it’s stage in development. Cutbacks in 



 

 

research and development programmes have slowed down 
considerably the development of the fast reactor 
programme. Safety fears over their operation based on 
previous incidents also contributed to the gradual decline 
in resource allocation. However the issues, which led to 
these incidents, have been treated as learning points in the 
operation of a demonstration reactor. 

Out of a total of 21 reactors that have been 
constructed, 9 are currently still working. (Masao, 1999) 
Plant operational experience has now reached 
approximately 280 reactor years. (Kondo,1998; Masao, 
1999) These reactors currently operating have proved to 
be safe with consistently high loading factors. Cost 
effectiveness of fast reactors versus LWR’s has not yet 
been completely resolved. Various designs are still being 
considered which make the fast reactor more competitive 
with LWR's. However time will be required to investigate 
these designs and implement them. The relative costs, for 
example, manufacturing one fuel pin for a fast reactor may 
be more expensive than performing the same operation for 
a LWR fuel pin. However that must be tempered by the 
fact that the fast reactor pin will produce more energy and 
less high level waste. (Kondo, 1998) The question arises 
as to whether the benefit obtained is worth the investment. 
Depending on the design of reactor, varying cost estimates 
demonstrate that in comparison to LWR reactors, the FBR 
may cost between 3-20% more, however the fuel cycle 
cost is expected to be lower. (Masao, 1999) Further work 
may lower these costs further by investigating issues such 
as other fuel alternatives or other reactor coolants.  

These costs were assessed based on conventional 
fuel, reprocessing and a stand-alone unit and therefore 
depend on the assumptions made. The economics of 
operating a closed fuel cycle on a small scale at steady 
state for a period of time would be a more realistic 
assessment for the costs of the reactor island.  

Fast reactor development is governed by political and 
economic factors. Public opinion in Japan was canvassed 
for the future of the fast reactor and the majority indicated 
that more transparency and information would be required 
before fast reactors would be considered acceptable. The 
public also stated that development without a specific goal 
lacked sense. (Kondo, 1998) The opponents to fast 
reactors based on one incident, wish to throw this 
opportunity away when it offers a viable means of 
pursuing one of their goals of lowering Plutonium 
stockpiles. Bowing to pressure would leave the nuclear 
industry with one less alternative to be investigated, one 
less opportunity to pursue and one less practical means of 
utilising Plutonium and providing energy.  

The Third Alternative: Immobilisation 
Immobilisation is often toted as the best alternative 

available for disposing of the stockpiles of military and 
civil Plutonium. It is perceived to be the quickest option 
for ensuring that the Plutonium is placed out of reach of 
“subversives”. However it can also be viewed as a means 

to try and prevent the nuclear industry from utilising the 
Plutonium in fuel and removing a potential long-term 
solution to the world’s energy needs. The fact remains that 
the nuclear industry is attempting to be responsible in 
using up this material in a useful manner. 

Disposing of Plutonium in a waste form does not 
reduce the level of Pu-239 present. This is the isotope that 
is desirable for weapons use. This should be compared 
with the first two alternatives discussed, both of which 
burnt the Plutonium thus reducing the levels of this 
isotope.  

Current waste disposal is concentrated on 
immobilising High Level Waste in borosilicate glass 
matrices. Plutonium is a high alpha emitter and for 
borosilicate glass the presence of long-lived alpha emitters 
causes problems as the process of alpha decay affects the 
boron present in the glass causing the boron atoms to emit 
neutrons. This creates vacancies in the glass matrix thus 
affecting its integrity. The capacity of the glass to 
maintain the immobilisation of large concentrations of 
alpha emitters over a period of time is doubtful. Certain 
ceramic materials are able to absorb much higher levels of 
alpha emission than normal waste disposal processes. 
Hence ceramic options are being pursued. The 
incorporation rate with some ceramics is as high as 50% 
but this has only been assessed for high level waste rather 
than Plutonium. Incorporation of Plutonium can be 
expected to be lower to maintain the conditions of the 
non-proliferation treaty, which would require the 
Plutonium to be unrecoverable. In order to truly evaluate 
the worth of immobilisation there must be a proven, 
operable and established practice where the cost versus 
the benefit needs to be assessed along with the long-term 
stability of the waste form. An assessment of the cost of 
storing Plutonium in a purpose built store would need 
evaluation depending on the duration of storage. Some 
previous cost comparisons have demonstrated that burning 
Plutonium can generate cost savings in comparison to 
storing the Plutonium (Verbeek, 1994) 

Several scenarios have been produced to immobilise 
Plutonium. (Gray, 1999) These are still in the conceptual 
stage and therefore not proven. The practicalities of these 
scenarios have not yet been assessed. Various scenarios 
involved long-term cooled fuel and would require the 
shipping of spent fuel assemblies to the treatment plant 
and the final repository. In order to immobilise the 
Plutonium; a processing plant similar to a reprocessing 
plant is required. Thus it seems pointless to immobilise 
the Plutonium when at this point it could be re-fabricated. 
If a comparison were made between transporting of the 
spent fuel to an immobilisation plant and the reactor 
island concept; the risks associated with the transport 
would not exist within the self-contained unit. Expensive 
additives may also be required to ensure the ceramic 
matrix is not recoverable and to make the Plutonium 
inaccessible which would not be required for the fuel 
route. The expense of these substances may make the 
immobilisation process inadvisable on its own. It can be 



 

 

seen that unlike the two earlier alternatives the 
immobilisation routes are all suggested concepts and 
much work will be required to provide a workable 
economic treatment process. A further feature is that 
continuous monitoring would be required of the store to 
maintain its stability and protection of the public from the 
release of high level waste. 

Irreversible immobilisation of the Plutonium may 
seem like the best option at present. However, in a 
growing world with rising energy demand it may be that 
Plutonium is found to be vitally necessary for energy 
production. If this route if followed from a knee-jerk 
response to public attitudes, an open door with a possible 
solution would have been very firmly closed. Taking this 
on board, do we really want to place the Plutonium 
beyond our reach? 

The long-term effects and the consequences of 
disposing of Plutonium should be more fully investigated. 
Irretrievable disposal of Plutonium removes the 
possibility of using it for electricity generation and 
therefore being used to possibly stabilise the costs of that 
generation by dampening the influence of fluctuating 
uranium prices. The costs ahead would be able to be 
predicted with more confidence by removing the 
dependence on mined Uranium. For those nations who do 
have Plutonium and depleted Uranium stocks this could 
be a means of providing energy security making them 
more self-sufficient. Much has been discussed elsewhere 
about how energy stability can lead to more stable 
political environments and increased wealth. Is it 
responsible to remove this opportunity when it could be a 
real possibility? In a country like Japan where utilising 
stockpiles could make the country more self sufficient as 
long as the use is carried out within recently strengthened 
guidelines stipulated by the IAEA and other independent 
international bodies, surely these assurances will be 
sufficient. Although there are arguments about whether 
nuclear power is truly “sustainable” it is a fact that nuclear 
power is here and despite efforts to eliminate it is still 
continuing to supply 16% of the world’s electricity. In the 
current environment of rising oil prices due to increased 
demand from world economies recovering from the 
recession, nuclear power remains constantly in the 
background and can continue to provide this energy 
supply.  

This is an important year for nuclear power in terms 
of the climate change conferences and the decisions about 
whether to include nuclear power as one of the flexible 
mechanisms with which governments can gain credit for 
reducing carbon dioxide emissions in line with their 
Kyoto targets. Although the nuclear industry realises that 
nuclear power is not the only option, it is currently one of 
the significant methods helping to reduce these emissions 
at this moment in time. The use of stockpiles of Plutonium 
to sustain and possibly increase this aid will maintain this 
goal whilst additionally achieving the goal of placing this 
Plutonium beyond people who could misuse it.  

Unfortunately, in today’s climate, various countries 
are moving away from nuclear power as a source of 
energy. There have been various consequences mentioned 
of energy shortfalls that may occur and the fact that in 
some cases countries will end up importing power from 
nuclear means elsewhere – a policy known as NIMBY – 
Not In My Backyard. In some cases this has meant that 
increased power must now be produced from fossil fuel 
energy sources which are perceived as less “dangerous” or 
the power will be imported from fossil fuel power stations 
in neighbouring countries thus moving the carbon dioxide 
burden.  

CONCLUSIONS 
In the nuclear industry we have never advocated 

reliability on one source of energy but we do believe that 
the industry does have its part to play and indeed it can do 
so.  

This paper has only discussed three possible options 
for treating Plutonium stockpiles, however at this moment 
in time all of these options are open to us. Of these 
options, the only one currently available for the immediate 
reduction of Plutonium stockpiles is the MOx alternative.  

Active work is being carried out on reactor island 
concepts for the fast reactor with implementation planned 
for 2030. This is still a long way off and much work is 
required to ensure best practice and the safest, most 
economic way of constructing and operating these units is 
discovered. Given collaboration efforts between various 
countries and companies and the finances available this 
could prove to be successful if the public support the 
initiative.  

Immobilisation is also under investigation but 
whereas fast reactors have been built on a demonstration 
scale and already a large amount of operational 
experience has been gained, a vast amount of work is 
required for the investigation of a stable waste form. The 
processing required to ensure the Plutonium is stabilised 
and the demonstration of this will need to be carried out as 
well as its ability to store Plutonium over a long period of 
time. The future of the waste must also be considered 
against where it is to be stored and the volumes produced. 

By disposing of Plutonium we create reliability on 
finite resources and we lose the advantage of time to 
enable us to investigate other research and development 
opportunities to make other sustainable sources of energy 
available.  

We have the means to reduce Plutonium stockpiles in 
a useful manner converting perceived “scrapyards” to raw 
material stores and we need to communicate this in a more 
effective manner to the public. I believe that the Young 
Generation Network of the European Nuclear society can 
contribute towards this to demonstrate to the policy 
decision makers that there is support for our industry and 
that remaining silent for fear of alienating some of the 
public encourages the vocal minority of our opponents. 
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