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Uranium: Birth to Death Cycle
“Everyone is entitled to their own opinion, but not their own facts”

Daniel Patrick Moynihan
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Mining
Resources
• Australia possesses largest portion of presently known resources
• Resource availability determined by price
• Mines and deposits in Canada, Australia, Kazakhstan, Russia

Demand 
• Estimated to grow from 40,000t to 80,000t by 2030
• Small displacement by MOX (mixed oxide fuel)

Regulation
• Local, federal and international
• Future policy



Energy Exports for 2003-04

Fuel Volume Energy in 
petajoule

Value in millions

Black coal

Crude oil

LPG

LNG

Uranium oxide

Total

218.4 Mt 6,208 53% $10,882 57%

17,526 Ml 679 6% $5,055 26%

2,916 Ml 75 1% $647 3%

7.914 Mt 431 4% $2,174 11%

9,099 t 4,277 37% $365 2%

11,669 100% $19,123 100%

Source: ABS Year Book Australia 2006



Fuel Costs

Process
Amount 
Required Unit Cost Cost

Fraction 
of Total

Front end fuel
U3O8 8kg $90 $720 27%

conversion 7kg U $12 $84 3%

enrichment 4.8 SWU $122 $586 22%

fuel fabrication kg $240 9%

Total fuel in $1,630 62%
Fuel Back End

Reprocessing/disposal kg $1,000 38%

Total Fuel Cycle $2,630 100%

Fuel cost:  $8.20 / MWh for front and back ends

~$US cost to get 1kg of Uranium as UO2 reactor fuel in mid April 2006:



Conversion and Enrichment
Conversion*
• 5 major suppliers with 60,000t U capacity
• USA, Canada, France, UK, Russia
• Plants 6,000 to 12,000t capacity

Enrichment* 
• Technology: Diffusion, Centrifuge (Laser – Silex Systems) 
• 6 primary suppliers with 50m SWU’s capacity
• USA, France, Europe, (UK, GER, NL), Russia, Japan, China
• Demand met by modular expansion
• Regulation

Fabrication
• Mostly linked to reactor suppliers

* Capacity for about 10,000t fuel



Nuclear Power Generation
Power station characteristics
Large 1,000 to 1,500 MWe station size

500 to 1.000 MW units
High Capital Cost $2m to $3m per MW
Low Fuel Cost $8/MWh front & back ends (10-20% of costs)

Base Load Station Run 24 hours a day to maximise returns

Integration into network Optimum positions

Regulation Siting and safety

Co-products Desalination



Projected Electricity Prices – Finland 2003



OECD Projected Costs 2005



24 Hour Electricity Generation
Cumulative  Victoria 23 January 2006
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24 Hour Electricity Generation
Individual Power Stations Victoria 23 January 2006

0.0

500.0

1,000.0

1,500.0

2,000.0

2,500.0

0:3
0

3:3
0

6:3
0

9:3
0

12
:30

15
:30

18
:30

21
:30

Time

Power 
MW

Coal Anglesea
Coal Hazelwood
Coal Yallourn
Coal Loy Lang B
Coal Loy Lang A
Gas Thermal Newport
Coal Morwell
Gas Turbine Jeeralang
Gas Turbine  Somerton
Gas Turbine Valley Power
Gas Turbine Bairnsdale
Hydro Dartmouth
Hydro Eildon
Hydro Hume
Hydro McKay
Hydro Kiewa



Wind Power Supply E.ON Netz 2005



Reprocessing and Disposal
Reprocessing
• Technology – Australian Synroc not in use (yet)
• Standard vitrified waste
• Plants in France and UK serve customers worldwide
• Customers take back waste and stripped fuel (for MOX)

Disposal 
• Deep geological burial preferred
• Europe (Finland, Sweden) and US repositories (Yucca Mountain)



High Level Waste Radioactivity



Capital Costs

Stage Plant
Capital 
Cost Revenue

Asset 
intensity

capacity output million million / $ sales
Conversion 6,000t 6,000t $125 $75 1.7

Enrichment 8,000,000 
SWU

1,500t $2,750 $900 3.1

Fuel 
Fabrication
Reprocessing 1,500t 1,500t $3,300 $1,500 2.2

Disposal 1,500t $2,700 $1,500 1.8

Power 
Station

1,000 MW 7,900 
GWh

$2,500 $315 7.9



National and International Issues

Public Perception
– Three Mile Island
– Chernobyl
– Waste Disposal

Weapons proliferation

Contribution to international problems

Regulation in Australia



Risk Mitigation
Activity Range of Costs per Fatality averted in $US

Medical screening 
and care

Cancer 
screening

$20,000 Kidney 
Dialysis

$400,000

Traffic safety Highway 
maintenance

$40,000 Tyre
inspection

$800,000

Miscellaneous Smoke 
alarms in 
homes

$500,000 Coke fume 
hazards

$9,000,000

Very hazardous 
occupations

Coal mining $40,000,000 Other Mining $70,000,000

Radiation related 
activities

X-Ray 
equipment

$7,200 High level 
waste

$400,000,000



Accident Rates

No. Immediate fatalities / GW 
year

Coal 0.876

Oil 0.436

Natural Gas 0.093

Hydro 4.265 (0.561 excl Chinese dam collapse)

Nuclear 0.006
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