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HEU

(weapon-usable)

Natural uranium Low-enriched uranium Highly enriched uranium Weapon-grade uranium

0.7% U-235 typically 3-5%, 20% U-235 and above typically more than 90% U-235
but less than 20% U-235

[]u-23s

Uranium —_—

credit; Alexander Glaser



Critical Mass of Uranium

Critical Mass [kg]
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| MCNP computed value for uranium sphere at
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Enrichment Cascade

(schematic)
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credit; International Panel on Fissile Materials

Total number of stages: 10
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credit; International Panel on Fissile Materials

Total number of stages: 32
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credit: International Panel on Fissile Materials, R. Scott Kemp
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credit: International Panel on Fissile Matenals, R. Scott Kemp
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Types of Separating Elements

Electromagnetic (Calutron)
Thermal Diffusion

Gas Diffusion

Gas Centrifuge
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Gaseous Diffusion Plants can be BIG
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The Gas Centrifuge
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Advantages for weapon programs




Some Famous Centrifuges

Length Speed Performance
[meters] [meters/second] [kg-SWU/year]
P-1, IR-1, L-1 Pakistan, Iran, Libya . 335 0.6-1.0
G-1, Iraqg-1 Germany, Iraq 0.5 450 1.8
G-2, P-2, NK-1? | Germany, Pakistan, North Korea? | 485 5
TC-21 Urenco 6.5 770 90
AC-100 USA 12.5 900 330

5,000 SWU / year =1 bomb / year

120,000 SWU / year =1 GWe power reactor



Country Facility Technology Declared Purpose  Capacity [1000-SWU/yr]
Argentina Pilcaniyeu Diffusion Civilian 20-300
Brazil Resende Centrifuge Gvilian 120
China Shaanxi Diffusion Gvilian 500-1000
China Lanzhou I Centrifuge Gvilian 500
China Lanzhou (new) Centrifuge Gvilian 500
France George Besse I Diffusion Civilian 10800
France George Besse II Centrifuge Gvilian 7500-11000
Germany Gronau Centrifuge Gvilian 2200-4500
India Ratehalli Centrifuge Military 15-30
Iran Natanz Centrifuge Gvilian 5-6 presently
Iran Qom Centrifuge Gvilian undetermined
Japan Rokkasho Centrifuge Gvilian <1050
Netherlands Almelo Centrifuge Gvilian 3800
North Korea Yongbyon Centrifuge CGivilian 8-11 (est)
Pakistan LELTTIF Centrifuge Military 20-30
Pakistan Dadwal Centrifuge Military unknown
Russia Angarsk Centrifuge Gvilian 2200-5000
Russia Novouralsk Centrifuge Gvilian 13300
Russia Zeleogorsk Centrifuge CGivilian 7900
Russia Seversk Centrifuge Gvilian 3800
United Kingdom Capenhurst Centrifuge CGivilian 5000
United States Paducah, KY Diffusion CGivilian 11300
United States Piketon, OH Centrifuge Gvilian 3800 planned
United States Eunice, NM Centrifuge Givilian 5900 planned
United States Eagle Rock, ID Centrifuge Gvilian 3300-6600 planned
United States Wilmington, NC Centrifuge Gvilian 3500-6000 planned
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Gun-Type Uranium Bomb

Gun barrel Conventional explosive
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Uranium “target” Uranium “bullet”




U.S. W33 Nuclear Weapon
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