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The changes that have taken place at the end of the 80’s and the beginning of the 
90’s have led to considerable changes in the natural and enriched uranium market. The 
easing up of relations among the countries and the end of the cold war has led to a 
considerable decrease of natural uranium requirements. The agreement signed between 
Russia and the U.S.A. in 1993 on the implementation of 500 t. of Russian high-enriched 
uranium caused he beginning of uranium price reduction campaign. 
 
 

Uranium extraction 
 

Mine production is the main source of uranium for nuclear fuel. Currently Canada 
is the biggest uranium manufacturer, where more than 30% of the world uranium 
extraction is implemented. The main characteristic of Canadian uranium deposits is the 
high concentration of uranium in the uranium ore and the possibility for an open 
extraction method, which makes the uranium extraction competitive. It is foreseen that 
the percentage of the extracted uranium in Canada will increase by means of 
development new uranium deposits, such as McClean Lake and McArthur River. 

Australia takes the second place in the field of the natural uranium production in 
the world and the assessments of extraction are about 5000t. The biggest uranium 
deposits in the world are located in Australia, which means that the uranium extraction 
will keep its positions as an important branch of economy. 

The uranium extraction in Russia, Uzbekistan and Ukraine is around 1600t and 
according to the forecasts the amount of uranium extracted in these countries will 
remain the same unchanged. 

In 2000, COGEMA signed a Contract with the Government of Kazakhstan for 
development of uranium deposits. Therefore we can expect increase of extraction in this 
country. Furthermore that France practically closed its uranium extraction. The 
distribution of world uranium extraction is shown on Fig.1. 
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The expansion of Russia on the natural uranium market has led to an abrupt 
reduction of the natural uranium prices to extremely low levels. Fig. 2 

 
 
 
 
 

Anti-dumping measures undertaken by U.S.A. and some other countries have not 
had a deep impact, which caused closing of several uranium mines. U.S.A. double 
reduced its uranium extraction. 
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By 1993, the Bulgarian average uranium extraction is about 50 t. but later 
uranium extraction has been closed. 
 
Uranium demand 

World annual uranium requirements in 1998 were estimated at about 59 600 tU, 
almost double what is produced. 

At the beginning of 1999 there were 434 nuclear power units operating in the 
world with total net capacity of 351Gwe connected to the grid. A total of 36 new reactors 
are under construction with a capacity of about 28Gwe. Recently the growth in nuclear 
power however has slowed considerably.  
 Fuel utilization in thermal reactors can primarily be improved by optimizing in-core 
management and recycling plutonium. In addition, reactor availability, power levels and 
fuel burn up affects requirements. 
 

Enrichment 
 

Enrichment costs take the highest portion of WWER and PWR reactor fuel cost 
price. The enrichment is the most complex technological process for nuclear fuel 
preparation for these reactor types. Therefore only few countries can afford operating of 
such enrich facilities. Presently 93% of all world rectors in operation need enrich, as the 
demands for 1993 amount to 34 MSWU. 

The price reduction of natural uranium and not the same price reduction of 
separation work unit result in increase of enrichment portion to the nuclear fuel price. 
The forecast demands for 2003 are about 36 MSWU. Nuclear fuel for rector type WWER 
1000 is enrich in Russia according to the centrifugal method also applied by Urenco. 
The SWU price trend is given on Fig. 2. 
 
 

 
 
 
 
 



 
 
The distribution of main Enrichment companies is given on Fig. 4 
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Forecasts: 

1. Urenco portion has increased and this is due to the up-to-date technology, better 
separation ability and due to the fact that it is used for additional uranium 
dressing resulted by spent fuel treatment. 

2. Eurodif will keep its portion due to the fact of modernization performed, as well 
due to the increase portion of Framatome ANP in fuel supplies. 

 
 
Production of Fuel 
 

The increased demands for nuclear safety improvement and the economic 
characteristics of nuclear fuel cycle lead to substantial investigations of nuclear fuel 
behavior during operation. The results of the investigations made and the considerable 
operation experience so far is used for improvement of nuclear fuel production, as well 
for improvement of the fuel produced itself. 
The main directions for fuel assemble improvement for WWER reactors are: 

-Switch to 3,6% enrichment for WWER-440 and 4,4% for WWER-1000 that 
results in reduction of the amount of fuel assemblies for refueling, reduction of the 
amount of spent fuel, the number of transportations and operations during refueling; 

-Icreasing fuel burnup. As a result of this optimization the fuel component is 
improved in terms of the electricity cost price. 

-Optimization of parasitic neutron captures. This has been achieved for WWER 
reactors by replace of steel structural grid, utilization of fuel with 2.1mm to 1.5mm tube 
thickness; 

-Improvement of heat transfer to the coolant that for WWER fuel is achieved by 
improvement of structural grid design and helium pressure optimization of the fuel rod; 

-Reduction of the chemical corrosion achieved by appropriate material choice 
used for fuel production; 



-Reduction of fuel failure of cladding integrity, which improves the safety and the 
operation characteristics. Meeting these objectives is achieved by means of structural 
grid design and the fuel assembly design as a whole; 

-Improvement of fuel hydraulic characteristics, which leads to reliable operation; 
-Improvement of the fuel behavior in emergency situations imposed by high 

requirements for nuclear safety. This achieved by means of structural grid design the 
fuel assembly design as a whole. 
 

Russia is the main manufacturer of nuclear fuel for WWER-440 and WWER-1000 
reactors. Presently the numbers of rectors supplied with nuclear fuel by Russia are: 27 
WWER-440 and 20 WWER-1000 
 

Since 1995 BNFL has also started to manufacture nuclear fuel as currently it 
supplies fuel for Finland, Czech Republic and supplies are foreseen for Ukraine. 
 
The distribution of the nuclear fuel market is given on Fig. 5 
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Back End of Nuclear Fuel Cycle 
 
The options for spent fuel implementation are as follows: 
 

• Spent Fuel Treatment 
• Direct Disposal 
• Postponed decision 

 
Spent Nuclear Fuel Treatment is implemented in France, Great Britain, Japan, 

Switzerland, Belgium, and Germany and partially in Russia. (According to the economic 
surveys made in Russia the fuel treatment of RBMK reactors is not economically 
profitable). 
 
The main advantages of chemical treatment are: 

- considerable reduction of the amount of radioactive wastes; 
- considerable reduction of the activity of the radioactive wastes, Fig.2 Pu takes 

90% of the Spent Fuel radioactivity; 
- Possibility for repeated uranium utilization, as well as of the accumulated 

plutonium, which has a significant impact to the environment (more beneficial 
uranium usage and a decrease of the necessity of new uranium mine deposits). 

 
Countries that implement direct disposal are USA, Canada, Sweden, Finland, etc.; 

 
The main advantages of direct disposal are: 

- A comparatively low price around 10-20%; 
- The low transportation demands; 
- Technological difficulties are comparatively few while few countries in the world 

that can afford operating of Spent Fuel Treatment Facility. 
- Currently there is a good response by the society  

 
The third option – postponed decision has been implemented in seventeen 

countries in the world as Czech Republic, Korea, Hungary, etc. 
 
The advantages of the postponed decision option are:  
The postponed decision option presently is the most economically cost-effective option 
for small countries like Bulgaria. According to the economic analyses done for this option 
it is obvious that taking into account the costs for spent fuel storage will result in 
increase of fuel component and the electrical production cost effectiveness by no more 
than 10% against the fuel component without taking into consideration the costs related 
to the back end of the Nuclear Fuel cycle. The erection of such spent fuel storage allows 
the country operating this fuel to take a decision on when this fuel can be treated or 
disposed. This decision depends on the natural and enriched uranium market situation. 
Presently the treatment process will increase the fuel component in the prime cost more 
than 30% which will have a significant impact on the prime cost of the electricity 
produced. 
 



Another advantage is that gradually the radioactive waste treatment technology is 
improved which leads to reduction of the specific treatment costs. 
 
The advantage is that the time for storage decreases vastly the residual heat and the 
SNF activity, which will impact significantly to the transportation costs and SNF 
treatment. 
Presently a number of investigations have been performed on the possibility part of the 
radioactive products to be burned up during next refueling. 
 
Currently in chemical treatment there is a separation of the uranium and plutonium only. 
Probably for the future we will extract these radioactive products from SNF, where for 
the next reactor refueling will be burnt up (like americium and neptunium). 
 

Conclusions 
 

Based on the survey made of the natural and enriched uranium market situation, 
as well of the possible options for resolving the issue of the Spent Nuclear Fuel the 
following can be summarized: 
 
At present the best economically justified solution for Bulgarian SNF is interim storage. 
Taking into account the costs for erection and operation of storage facility will not 
significantly change the electricity prime cost. On the contrary, compared to the chemical 
treatment option we will achieve a significant reduction of the fuel component in the 
prime cost of electricity.  
 
Concerning the natural uranium an assessment of Bulgarian uranium deposit status 
should be performed by western companies as well of the possibility of partial recovery 
of the uranium extraction in Bulgaria that will lead to substantial foreign investments and 
a positive effect to the economical status of the municipalities where these deposits will 
be implemented. 
 
Economic evaluation should be performed on the necessity of switch to four-year fuel 
cycle of the fuel campaign, taking into account the following factors: price of fresh 
nuclear fuel; storage costs and future chemical treatment or disposal. 
 


