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Figure 1.  The Nuclear Fuel Cycle 

 
In Figure 2 we see the past behavior of the uranium price. Of particular note is the impact of 
political events in 1972-76: the war in Sinai, which led to the 1973-74 “energy shortage”, the 
related jump in oil prices, the strong (and later proven unrealistic) expectations for nuclear 
growth, used by the USAEC in its monopolistic enrichment contracting and horrendous LTFC 
contract, the Uranium Cartel, which led to the Westinghouse default - the combination of which 
jumped the uranium price from $6.00 to $40.00 US dol/lb U3O8 – a 650% increase in just three 
years.  Indeed, some sales occurred at up to $100 US dol/lb U3O8 to avoid a default in supply.  
Then prices dropped to relatively stable from 1988 to 2003, before climbing again in 2004-2005. 
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Figure 2.  Uranium Market Prices 1968-2005 
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This trend was followed by both the “spot” and the “long term” market as shown in Figure 3. 
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Figure 3.  Spot and Long Term Uranium Market Prices 

 
 

2. URANIUM MARKET SITUATION IN 2004-2005 
 

In January, 2004, CAMECO Corp., the largest uranium producer in the world, sent a message to 
its stockholders not to expect a major increase in dividends because of the uranium price 
increases, because of the fact that most of its contracts were “long term” contracts already in 
place, with price equations that protected its customers with low “ceiling prices” against a high 
volatility in price.  These contracts were generally negotiated directly by US or European utilities 
at “firm” prices or between a narrow range of “floor” and “ceiling” limits. Additionally the 
contracts contain a flexibility clause that allows the utility to change, within a certain range, the 
delivery period and the quantity delivered. 
 
It is important to recognize that the vendor has a portfolio of uranium quantities at different levels 
of prices and is assigning the cheapest portions of its production to the most reliable customers, 
in accordance with its production costs. This is precisely what CAMECO was telling to its 
stockholders, that even in the present market situation, its earnings will be limited and that a 
significant portion of the rich new mines about to open, were already sold at relatively low prices. 
Much of the output of mines like Cigar Lake, announced in December 2004 to start production in 
2007, is already sold to major U.S., European, and Japanese customers.  On the other hand, new 
suppliers, like Paladin and Southern Cross, are holding out for higher prices, and more recent 
newcomers, like Heathgate and Uranium Resources, are trying to renegotiate to higher prices. 
 
So the uranium price uncertainty is high as is shown in Figure 4, with forecasts for future prices 
all over the map depending on what supply/demand scenario one chooses to believe. 
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The Uranium Spot Price: 1991-2004
and Some Future Price Scenarios
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Figure 4.  Spot Price and Some Older Uranium Price Scenarios 
 
 

These scenarios depend on specific events and decisions that will impact the supply and demand 
in the uranium market, specifically:   

• the continued growth of nuclear power in the world;  
• tails-adjusted reactor requirements/consumption,  
• the likely entry of China into the western market as a major buyer;  
• the purchase of Western Mining by BHPBilliton and the likely tripling of Olympic Dam 

U3O8 production to some 33 million lb U3O8 per year;  
• new exploration initiatives, particularly in Saskatchewan’s uranium-rich Athabasca Basin, 

and likely discovery of new high-grade reserves;  
• decisions by uranium producers to close old mines, or open new mines in Australia, 

Canada, Namibia and the USA;  
• the availability of more military inventories of highly enriched uranium (HEU) and 

plutonium from Russia and the USA;  
• more re-enrichment of tails in Russia; and  
• future plutonium utilization through MOX fuel 
• the amount and timing of purchases, then resales, of the physical commodity by hedge 

funds and other types of speculators external to the fundamental nuclear fuel industry.  
 
One of the main parameters impacting uranium consumption is the tails assay.  Figure 4 presents 
three cases of demand forecasts made by the World Nuclear Association (WNA) in London in 
September 2003, soon to be updated in September 2005.  These reactor requirements were 
calculated at various tails assays for different countries, but the western world average used in 
2003 was 0.33 w/o.  Two years later, however, because of the dramatically higher uranium prices, 
and/or to rebuild natural uranium inventories, utility fuel managers have compensated by 
stipulating lower tails assays when ordering enrichment, with the average for 2006 being about 
0.27 w/o.  This caused a 12.5% reduction in western world consumption of U3O8 and conversion 
services, which is about 7,500 MTU (or about 20 million lb U3O8) per year less than expected. 
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3. THE URANIUM SCENARIOS 

 
One uranium scenario is the current Base Case from Nuclear Resources International, Inc. (NRI), 
a 28 year old nuclear fuel consulting company in Atlanta, Georgia shown in Figure 5, below. 
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Figure 5.  West Uranium Supply/Demand Forecast – Base Case 

 
In this figure we show by the heavy dotted line how the reactor requirements (uranium 
consumption) are reduced going forward as a result of the higher uranium prices/lower tails.    
 
This Base Case Scenario takes only what has been officially stated as firm plans to date.   

• Cigar Lake will come into operation in 2007 (confirmed by Cameco last December 2004).   
• We will have no problems with the uranium covered by the US/Russia HEU Agreement 

for the supply of enriched uranium (HEU-I) during the period 2005-2013. 
• Namibia’s Rössing mine will continue in production until 2011, to be joined by Langer 

Heinrich in 2007. 
• The French managed mines in Niger (Somair and Cominak) will continue in operation. 
• The aggressive expansion of the in-situ leaching projects in Kazakhstan will be a reality.  

 
On the other demand side, not included is the potential of China becoming a massive importer of 
uranium from the West.  China already has bought from Kazakhstan, and has an eye on the 
expansion of the Australian mine of Olympic Dam. 
 
It is pretty certain that all of these projects will be carried out.  But what else can we expect?  
Economic theory dictates that at higher prices of uranium, more producers will be attracted and 
new reserves will be exploited.  By one count, there are already some 160 new entrants in the 
form of “junior” mining companies. Also we have at hand the possibility to re-enrich the 
inventory of uranium tails by means of ultracentrifuge enrichment, the technology that all 
enrichers worldwide are switching to, including Brasil. Reprocessing and recycling opens the 
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door to further quantities of uranium and plutonium to be recycled in present reactors. Finally, 
with more advanced and efficient reactors such as fast reactors or the use of thorium fuel (India) 
we could have additional savings of uranium. But these technologies will be implemented 
depending on how real is the future crisis in the supply of uranium. 
 
Figure 6 shows NRI’s estimate of what will happen if everyone on the supply side does all they 
say they intend to do, and the demand side continues to respond to the higher uranium and 
conversion prices with lower tails (two scenarios, shown by the heavy dashed brown lines, for 
two different future levels of prices). 
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Figure 7.  West Uranium Supply/Demand Forecast – Achieving Equilibrium 
 
 

4. A STRATEGY FOR GOING FORWARD 
 
What are the actions that a wise utility should contemplate in case covering its future supply of 
uranium hexafluoride? 

• Create or increase its “strategic” inventory of uranium hexafluoride (actually many fuel 
managers are doing this and it is causing a further increase in prices). 

• Create a portfolio of contracts for the supply of uranium hexafluoride and enrichment. 
• Use enrichment tails option in its enrichment contracts as necessary. 
• Look for higher burnup fuel and advanced fuel management strategies. 
• Study the option of reprocessing and recycling with the possibility to use Mixed Oxide 

Fuel (MOX) or thorium fuel.  
• Study the possibility of national production of uranium by in-situ leaching or phosphate 

byproduct. 
• Most importantly, be proactive with suppliers, and aggressively innovative. 
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The first action to be studied is the creation of a strategic inventory to cover the possibility of a 
real shortage in the uranium market. This could be implemented in many ways and not 
necessarily as a physical inventory, but as an option to purchase certain material.  Until this day 
most utilities did not carry a large inventory, except in Finland, France, and Japan. There was 
always the option to go to the “spot” market and get the material as needed or have a short term 
contract for two or three reloads. Today the risk of relying on the “spot” market only is too big in 
the face of a real potential crisis that could possibly stop the operation of some reactors for some 
time. 
 
The next action is to establish a portfolio of uranium contracts and conversion services, or 
uranium hexafluoride with good price formulas and flexibilities. This will enable in the future the 
utility to optimize the supply from its own contracts, not from the market. This possibility will be 
more difficult as the market is controlled by a few suppliers and currently in a “sellers market”.  
While this situation prevail, it will be difficult to purchase uranium. In time new suppliers and 
new reserves will arrive, lowering the prices.  In the past, in the face of a difficult “sellers 
market”, the utilities formed “purchasing groups” that have more power of negotiation with the 
suppliers or created “pools” of uranium or enrichment services, creating common inventories or 
depending on common sources of supply. 
 
It is important to understand that the supplying capacity of a vendor is also limited and carefully 
planned from the economic and operational point of view.  So, in certain cases a vendor cannot 
comply 100% with its requirements if all its customers required the maximum quantities in their 
contracts. 
 
Another important action to reduce the impact of higher uranium prices in the market is to 
optimize the tails in their enrichment contracts. In some cases this is possible and the enrichment 
contracts allow for this optimization, sometimes with an economic penalty, which makes more 
difficult to use this option. When signing a new enrichment contract, the utility should be aware 
of the possibility to use this option at minimum cost. 
 
Other options to reduce the impact of higher uranium prices in the market are to improve the fuel 
design with higher burnup and less uranium utilization, to return to annual refueling cycles, to 
recycle uranium and plutonium as MOX fuel or to use thorium fuel. These options require having 
a good technical capability in fuel design and fuel management; with capacity to make nuclear, 
thermal hydraulic and safety analysis of the fuel assemblies and fuel cores, in order to license the 
new designs. Sometimes they also require irradiating MOX fuel or qualifying other vendor’s fuel 
designs or manufacturing, before buying and inserting new reloads. 
 
Finally, for the specific case of Mexico, there is the option to open new sources of supply through 
in-situ leaching of deposits already identified in the north of the country, or by extracting uranium 
from the phosphoric rock in Baja California, a project that was identified some time ago and 
could be evaluated again, in front of the new market perspective for the next decade.   
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4. CONCLUSIONS 

 
To summarize: what is the reason for the recent increase in the price of uranium?  First, we 
should recognize a short-term contraction occurred in the market supply in 2003-04 caused by 
very specific things (Olympic Dam technical problems, McArthur River flooding, the U.S. 
conversion plant down twice in the same year, the Canadian conversion plant downed by a labor 
dispute, and the Russian sales authority, Techsnabexport, summarily firing its long-time U.S. 
sales agent on two months notice).  
 
Second, we should note that unless a lot of people in all corners of the world aggressively attempt 
to add new supplies of uranium, there will be a major uranium shortage within the next 15 years. 
 
We will recognize that it is very important for nuclear power plant operators, like Laguna Verde, 
to follow closely what is happening in the market and to implement a proactive, innovative, and 
aggressive purchasing strategy to minimize the future impact in the nuclear fuel cycle costs. 
 
One possible strategy is to establish a strategic uranium inventory and/or a number of long term 
contracts (e.g. ten year contracts), with different reliable suppliers that will damp the potential 
volatility of uranium prices in the future, in the transition period between a relatively dry market 
and new mines coming on line. 
 
It is important to note that the elements to be considered as a “good customer” in the international 
uranium market, in order to obtain the best contracts and prices are: simplicity in the purchasing 
practices, good communication with the suppliers, good and reliable operation of the nuclear 
power plant, good plant organization and internal communication, and creativity in the supply: a 
portfolio of several contracts to cover the short term and long term requirements. And most 
important of all, be proactive – get to know personally the whole market and all suppliers. 
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