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HISTORICAL BACKGROUND  
AND CONTEXT 

! With the end of the Cold War (1989), the Russians 
and Americans signed the START 1 (1991) and 2 
(1993) treaties on the reduction of nuclear weapons. 

! In 1992, the Russian and American presidents 
announced their intention to render unusable for 
weapons purposes their military fissile materials 
declared in excess of their defense requirements 
(highly enriched uranium and weapon grade 
plutonium).  

! The technical solution is obvious for highly enriched 
uranium (HEU): after dilution with natural or low 
enriched uranium, the resulting uranium, enriched to 
about 4.4%, will be recycled as a nuclear fuel in 
civilian reactors, at market conditions.  

! For weapon grade plutonium (Wg Pu), differences of 
approach between the two countries on the issue of 
the civilian use of plutonium gave rise to different 
developments, at least initially. For the Russians, 
weapon grade plutonium, qualified as a “national 
treasure”, must also be converted to nuclear fuel and 
recycled in a reactor, to exploit its energy content 
(1 gram of Pu = 1 to 2 tons of oil). For the 
Americans, marked by 25 years of the “Carter 
doctrine” banning the reprocessing of spent fuel, 
plutonium is considered as a dangerous waste whose 
elimination first requires a review of the available and 
acceptable technical alternatives.  

! Added to these marginal considerations is the fact 
that for the Americans, the “clear and present danger” 
is essentially in Russia, where a vast multiannual 
assistance program worth hundreds of millions (M) of 
$ has been launched by the Americans (the “Nunn-
Lugar” program), above all to make secure the 
installations containing the military materials, while 
for the penniless Russians, recycling must be carried 
out in conditions they consider optimal, both 
financially (HEU sales) and technically (plutonium 
burning reactors, ideally FBR, for Wg Pu). 

! Finally, evident strategic considerations impose a 
certain parallelism of the two approaches, at least in 
form, ratified by bilateral agreements. Paradoxically, 
so far, this parallelism has been better served for the 
management of Wg Pu, still in its inception, than for 
that of HEU, which is more advanced.  

HIGHLY ENRICHED URANIUM (HEU) 

Declared surplus materials 

Russians: 500 tons of U enriched to 90% (of an 
estimated stockpile of + 1000 t) 

Americans: 200 tons of U enriched to 50% (average) 
including 175 t recyclable (the remainder chemically 
unfit). 

Setting aside the U employed for dilution, the 
quantities to be recycled represent the equivalent of:  

130,000 t of natural U or twice annual world 
requirements 
90 million SWUs or three times annual world 
requirements 

Hence it is clear that, over and above considerations 
of a technical order, the quantities in question demand an 
orderly, gradual placing on the market, at the risk of 
seriously disturbing its equilibrium. On the other hand, 
this recycling will serve to produce the equivalent of 
5,600 TWh or 2.5 times world nuclear electricity 
generation. 

Russian HEU recycling 

Keen to speed up the elimination of Russian HEU for 
its own obvious reasons, the US government drew up an 
ingenious but delicate scheme, which translated in 1993 
into an unprecedented politico-commercial agreement, 
under which it agreed to acquire Russia's 500 t of surplus 
HEU, with deliveries (in dilute form) spread over a 20-
year period.  

On the US side, management of the agreement was 
entrusted to USEC, the national enricher, then a 
government-owned corporation, which would only pay for 
the enrichment component of the low enriched uranium 
delivered by the Russians, at a price negotiated for five-
year periods.  

By contrast, since the USA has no uranium producer 
of sufficient size, the issue of the natural U component 
remained a bone of contention between the two countries 
for many years, until the contract signed in 1999 by the 
Russians with a group of three companies, COGEMA, 
Canada's Cameco and Germany's Nukem.  

Implementation of the US-Russian agreement is 
beleaguered today by the vicissitudes of the market and 
low prices: too low, on the one hand, to fulfil the 
expectations of the Russian authorities, while at the same 



 

 

time jeopardizing USEC (privatized today and traded on 
the stock exchange) which is forced to take delivery of its 
annual quota at the agreed price, while the Euro-Canadian 
joint venture had reason prevail in its negotiations with 
the Russians.  

Despite these impediments, the “HEU agreement” has 
so far served to dilute and recycle on the market some 80 t 
of Russian HEU. While there is still a long way to go, it is 
nonetheless an undeniable breakthrough, to which the 
nuclear power industry has made an incontestable 
contribution.  

American HEU recycling 

In 1996, the US Department of Energy (DOE) 
announced 200 t of HEU surplus, including 175 t 
considered recyclable. These materials include 50 t of 
which ownership was transferred to USEC upon its 
privatization in 1998, for recycling on the market. The 
remainder was to be diluted and gradually marketed by 
the DOE over a 20-year period. The non-recyclable 25 t 
was to be diluted to 0.9% and disposed of as low-level 
waste.  

Note that the DOE has placed a part of these 
demilitarized materials (around 10 tons) under 
international IAEA control, in a highly symbolic gesture, 
presented to the press at the time as a first for a military 
nuclear power, overlooking the fact that Great Britain and 
France have been submitting their civil installations and 
materials to such international controls for decades.  

WEAPONS GRADE PLUTONIUM (Wg Pu) 

Declared surplus materials 

Declared surpluses on either side amount to around 
50 tons each, roughly corresponding to potential power 
generation of about 700 TWh, or two years of nuclear 
power production in France. Clearly the potential impact 
on the market is far below that of demilitarized HEU.  

The elimination or recycling of this material is 
nonetheless proceeding more slowly, for two main 
reasons:  

• The Americans have spent substantial time and 
effort persuading themselves that the use of 
Wg Pu in civil reactors, combined with the 
disposal as a waste of what cannot be recycled, is 
a good solution.  

• The Russians, who once again are in no hurry to 
eliminate a material considered above all as an 
energy resource, are waiting for the Americans 
and other countries to finance their program 
early start.  

Matters are heading today towards a bilateral 
agreement between the Russians and Americans, expected 
to be signed by May 2000, which will set the conditions in 
which the two countries will proceed in parallel. It is 
already known to concern the management of 34.5 t on 

either side, and not 50 t. Along the way, the Russians 
realized that the 50 t declared by the Americans also 
included non-weapon grade Pu. Hence the agreement will 
only cover an equivalent quantity of really weapon grade 
Pu declared as a surplus on either side and slated for 
recycling, or disposal, within 15 years after the startup of 
the installations.  

Management of American weapon grade Pu 

Between 1992 and 1996, the DOE and the U.S. 
Academy of Sciences conducted a series of studies to 
assess the different technical alternatives (about 30 at the 
outset) for eliminating weapon grade Pu. This led to the 
definition, by the Academy of Sciences, of the “Spent 
Fuel Standard” concept, the first reference to the civil 
cycle on the US side, designed to “make weapon grade Pu 
as inaccessible and unattractive for military use as the 
plutonium content of spent fuel from commercial 
reactors”. This concept was approved since by the DOE.  

On completion of these studies, the DOE decided in 
1997 to follow a dual or hybrid approach, consisting in 
converting about 33 t of Pu to MOX fuel to be loaded in 
US civil reactors, and “immobilizing” the remaining 17 t 
in a ceramic (similar technology to MOX pellet 
fabrication) encapsulated in fission products (similar to 
vitrification technology employed at the La Hague 
reprocessing plant) and intended for deep disposal.  

Following a request for proposals issued in 1998, the 
DOE picked a group of Franco-American companies in 
March 1999, including COGEMA, to implement the 
MOX option, with plant commissioning scheduled in 
2007 and fuel irradiation by 2022 in six reactors 
belonging to the utilities Duke Power and Virginia Power.  

COGEMA, alongside Duke Engineering and Stone & 
Webster, started operations on the basic contract for plant 
design and fuel qualification, mobilizing around 240 
persons per year for three years. The total amount of the 
project is estimated by the DOE at 1.4 B $. 

This contract is in itself a striking recognition of 
Europe's experience in civil Pu management technologies 
(the other two competing joint ventures included a British 
company and a German company respectively). The 
DOE's choice ultimately means the use of:  

• The A-MIMAS process developed and employed 
by COGEMA and Belgonucleaire. 

• The design, technology and operating experience 
generated by the MELOX plant (near Marcoule).  

• Design of the MOX fuel based on Fragema 
know-how.  

• Reactors selected by the DOE similar to the EDF 
reactors refueled with MOX since 1987.  

The management of Russian weapon grade Pu 

The French government signed a Franco-Russian 
intergovernmental agreement in 1992 to initiate studies on 
the recycling in MOX form of Russian declared surplus 



 

 

WgPu. A similar agreement was signed by Germany and 
Russia in 1993.  

In 1996, a conference of governmental experts organized 
after the G8 summit in Moscow produced a consensus in 
favor of the MOX solution and terminated with the 
announcement of a rapprochement between the French, 
Germans and Russians on the subject (AIDA/MOX program). 
This rapprochement and the solutions considered received the 
blessing of the G8 summit in Denver in 1997. A trilateral 
agreement was signed by the three governments in 1998. 

At the same time, the Americans initiated bilateral 
cooperation with the Russians. Fairly soon, the principle 
of coherence led to exchanges between the five countries 
concerned in order to dovetail these two cooperation 
programs, which boast the same objective.  

Today, work done in connection with the trilateral 
agreement concerns:  

• The design of two installations in Russia for the 
conversion of Wg Pu (CHEMOX) and its 
fabrication as fuel (DEMOX) 

• Qualification studies of MOX fuel for loading in 
existing Russian reactors (BN 600 and VVER 
1000) 

• Studies on the adaptation of Russian reactors to 
MOX refueling.  

European civil technologies are making a significant 
contribution to this effort:  

• CHEMOX draws on Russian technologies and 
technologies employed by COGEMA at the La 
Hague plant 

• DEMOX makes use of a Russian process for BN 
600 fuel, the A-MIMAS process for BN 600 and 
VVER 1000 fuel, MELOX plant technology and 
experience, as well as equipments from the 
German Hanau plant belonging to Siemens.  

• The qualification of the MOX fuel and 
adaptation of the reactors draw on the experience 
and skills of the CEA, Framatome and Fragema, 
and Germany's GRS.  

• Belgonucléaire and Italy's ENEA are participating 
in some of these operations. At the same time, the 
Japanese are aiding the Russians for the 
development of their process for BN 600 fuel.  

The thorny issue of financing the investment 
corresponding to the installations to be built or adapted 
remains to be resolved. Estimated for the time being at 
some 800 M$ (by way of comparison, the production of a 
B2 bomber costs 2 B $), the Russians expect financing 
from the Western countries, starting with the Americans. 
The latter, who have already announced a public 
contribution of 200 M $ and appear ready to substantially 
increase the figure, are aiming at the G8 summit in 
Okinawa, in July 2000, to secure complementary 
commitments permitting the effective launching of the 
Russian program. The Japanese and Canadians also seem 
ready to contribute. However, the European countries 
have still not declared their position.  

In addition to this program, developments are under 
way concerning a new reactor system, the HTR, capable 
of consuming plutonium. The Russians and Americans 
have gone to some expense on this matter, in support of 
the GT-MHR project developed by the US company 
General Atomics, with the assistance of France's 
Framatome and Japan's Fuji. If these projects culminate, 
the HTR could ultimately offer a complementary solution 
for recycling Pu from Russian weapons. They nonetheless 
presume that all questions associated with the 
development and demonstration of these reactors and of 
their fuel cycle will have been resolved, as well as the 
financing of their construction, in the knowledge that a 
GT-MHR of 300 MW capacity (planned size) roughly 
consumes the same amount of Pu as a VVER 1000 (about 
250 kg per year). 

CONCLUSIONS 

And now a few remarks to conclude: 
6 We stand at the onset of a process that will be lengthy 

and which is unlikely to stop with the elimination of 
the 700 t of HEU and 2 x 34.5 t of WgPu concerned 
so far. If the announced negotiation of the third 
START treaty concludes favorably, additional 
tonnages will have to be recycled, particularly on the 
Russian side whose estimated inventory is larger.  

6 The time scales necessitated by the management of 
these materials should be no surprise. On the one 
hand, the aim is to reduce an arsenal built up during 
45 years of a Cold War. And this return to civilian 
life of materials of military origin must be achieved in 
conditions of safety and bilateral or international 
safeguards (IAEA), which obviously did not 
constitute the primary concern of the powers who 
produced them. Besides, insofar as it enlists the 
services of civilian industry, this return must be 
carried out with due respect for the equilibrium of 
markets that are severely mauled today, in other 
words, in an orderly and progressive manner.  

6 Finally, it is important to recognize that without the 
contribution of the nuclear power industry, the 
elimination of military fissile materials would raise 
problems at another scale and would inevitably lead 
to regrettable waste. It is to be hoped that this will jog 
the minds of those who urge a rapid end to nuclear 
energy, when all the evidence demonstrates that the 
best way to eliminate surplus weapon grade materials 
is to recycle them in a reactor, in other words, to 
destroy them or to denature them while generating 
electricity.  

6 The civilian nuclear industry is happy to contribute 
concretely and significantly to the solution of a 
problem of surplus nuclear weaponry, while at the 
same time utilizing technologies successfully 
developed for power generation and for waste 
management.  


