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} Nuclear material
◦ Highly enriched uranium 

(HEU)
◦ Plutonium

} Non-nuclear weapon 
components

} Delivery systems



} Obtaining nuclear 
material hardest part

} Nat. U cannot be used 
directly but is the 
starting point

} Consists mainly of two 
kinds of atoms 
(isotopes)
◦ U-235 0.7%
◦ U-238 99.3%



} U-235 increased 
(enriched) to at least 
80% and typically 90% 
or more

} Centrifuge has become 
dominant enrichment 
technology in the last 
20-30 years



} Ordinary chemical processes cannot be used 
to increase the percentage of U-235 since all 
uranium atoms have the same chemical 
properties

} Need to take advantage of the slight weight 
difference between the two atoms

} In a gas centrifuge the centrifugal force 
slightly separates the two atoms
◦ Gas is uranium hexafluoride



} Centrifuges have limited throughput  
} Need to operate a number of centrifuges in 

parallel
◦ Stage

} One pass though a centrifuge stage only 
enriches the uranium slightly

} Need to operate many stages in series
◦ Cascade





} Small plants, short 
equilibrium time, many 
parallel cascades 

} Technology stolen, 
distributed

} Nuclear weapons in 
Pakistan and N. Korea

} Easy to produce HEU 
from LEU plant 
◦ Batch recycle



} 3.5% U can be passed through a cascade 3 
times to produce HEU
◦ Only slight modifications to the cascade are needed
◦ Only 6 days required for Iran to start producing 60%

} In the 1st pass, 3.5% is enriched to 20%
} In the 2nd pass, 20% is enriched to 60%
} In the 3rd pass, 60% is enriched to 90%

} About three-quarters of the total time is for 
the first pass (enriching to 20%) 





} Some enrichment technologies should not be 
transferred to nonweapon states if bomb 
material is not to become quickly accessible.  
This is true for gas centrifugal technology 
and facilities—1979

} Even when centrifuge plants are configured to 
enrich uranium to a low 3%, batch processing 
can produce 90% enriched uranium in less 
than a week—1995 



} Violated safeguards as 
early as 1991

} By late 1990s had 
nuclear weapon 
program
◦ Five weapons by 2003

} Centrifuge enrichment 
the key to weapons
◦ Additional safeguard 

violations



} Allowed Iran to retain 
centrifuge enrichment

} Kick the can down the 
road

} Slowed but did not 
stop Iranian progress

} No Iranian admission 
of weapon program

} 5.5 of 10 years key 
restrictions elapsed



} Policy failed
◦ Demonstrated price Iran 

willing to pay for nuclear 
weapons

} Iran producing 20% 
enriched U since 
01/21, 60% since 
04/21

} Deploying advanced 
centrifuges



} Destroyed centrifuge 
assembly facility 
(07/20) and disabled 
18 cascades (04/21)

} Deployment of 
advanced centrifuges 
and higher 
enrichments 
compensate



} 21 IR-1 cascades, 3 IR-2m cascades, 3 IR-4 
cascades and 1 IR-6 cascade

} 1,800 kg U enriched between 3.7% and 5% 
(assume 4.5%)

} 80 kg of U enriched to 20% and 4 kg to 60%
} Goal 20 kg of HEU can be reached in about 2 

months
} Second 20 kg about 2 months later
} UF6 to metallic U in a week or two



} Can be developed in 
parallel 

} Substantial 
development before 
2004

} Assistance from Russia 
and perhaps Pak and 
NK

} Mated in hours



} Iran has 10+ ballistic 
missile programs

} In 2020 major missile 
attacks with 5 days 
notice

} In 2003 planned to put 
on 1,300 km Shahab 3

} May have 2,000 km 
range missiles today



} Iran could produce sufficient HEU for a 
nuclear weapon in just two months
◦ Second weapon two months later

} As Iran deploys more advanced centrifuges 
and continues enriching this time will only 
shrink 

} Production of non-nuclear components can 
proceed in parallel and may only take months

} Current ballistic missiles provide delivery 
system 


