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Motivation – what and why
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• Nuclear terrorism: the ultimate threat

• One key bottleneck for state and non-state actors alike: obtaining weapons-

usable nuclear materials (WUNM)

• Security has been improved (especially since the 1990s)

• But there are still incidents – likely some material has not been recovered
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Motivation – what and why

HOW MUCH???  

Can we make a reasonable guess?

Not all estimates are equal.
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Why can’t we just use WUNM accounting?  

United States estimates that it produced/acquired a total of 111,700 kg of plutonium 

Current inventories and known removals account for 109,300 kg

2,400 kg unaccounted (likely none missing!)

Accounting for WUNM in Russia – not publicly available

Believed to be much worse!

Data sources

What we know - how much material has been intercepted/recovered. 
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• IAEA – Illicit Trafficking Database (ITDB)

• Stanford – Salzburg (DSTO) database – established in 1999 at 

Stanford, operated by University of Salzburg since 2004

• Center for Nonproliferation Studies - Global Incidents and Trafficking 

Database

L. Zaitseva,  Nuclear Trafficking: 20 Years in Review, Contribution to WFS Meeting, Erice (2010)
L. Zaitseva and F. Steinhäusler, Nuclear trafficking issues in the Black Sea region,  EU Non-
Proliferation Consortium, Non-Proliferation Papers 39 (2014)

Data sources
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Known WUNM seizures
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Known WUNM seizures
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What we know - how much material has been intercepted. Use 

this information, with some additional assumptions. 

These assumptions should be the most unrestrictive possible. 

Gott, Richard, J III. Implications of the Copernican principle 
for our future prospects, Nature 363, p 315 (1993)

Copernican principle

𝑟 = 19.72 ≈ 20 kg
Neglect differences in chemical 
and isotopic composition

𝑟 𝑥
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Gott, Richard, J III. Implications of the Copernican principle 
for our future prospects, Nature 363, p 315 (1993)
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Copernican principle

50% probability   𝑥 < 20 kg

75% probability 𝑥 < 60 kg

90% probability   𝑥 < 200 kg
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V. Stanev, S. Fetter, "Estimating the Amount of Weapon-usable Nuclear Material outside Government 

Control based on Reported Seizures”, Science & Global Security, Vol. 25, 125 (2017).

Estimates of recovered fraction

Can we do better?

Don’t have to assume complete ignorance.

𝑡 =
𝑟

𝑟 + 𝑥

𝑃 𝑥 < 𝑋|𝑟 =  
𝑟

𝑋+𝑟

1

𝑓 𝑡 𝑑𝑡 = 1 − 𝐶𝐷𝐹𝑓
𝑟

𝑋 + 𝑟

𝑓 𝑡 =
𝛤 𝛼 + 𝛽

𝛤 𝛼 𝛤 𝛽
𝑡𝛼−1 1 − 𝑡 𝛽−1 𝑃 𝑥 < 𝑋|𝑟 = 1 −

𝑟

𝑋 + 𝑟
=

𝑋

𝑋 + 𝑟

recovered WUNM fraction: Recovery is random act – assign distribution 𝑓 𝑡

Probability that the still-unrecovered amount is less than 𝑋: 

Model 𝑓 𝑡 with Beta distribution 𝛼 = 𝛽 = 1complete ignorance:

Reduces to Gott’s result
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Use what we know for other black markets to come up with 

reasonable guess for 𝑓 𝑡 .

Average recovery fraction:

heroin 6-16% 

methamphetamine 8-21%

marijuana 21-35%

cocaine 24-43%

ivory 4-19%

guns 9-35% 

art 6-20%

Is WUNM black market similar to other black markets?

J. D. Foss, "Plutonium and Picasso: A Typology of Nuclear and Fine Art 
Smuggling." InterAgency Journal, Vol 8, 34-43 (2017).

“….characteristics associated with smuggling and 

trafficking of nuclear material are no different than the 

characteristics associated with smuggling and trafficking 

other illicit commodities.”

Estimates of recovered fraction

V. Stanev, S. Fetter, "Estimating the Amount of Weapon-usable Nuclear Material outside Government 

Control based on Reported Seizures”, Science & Global Security, Vol. 25, 125 (2017).
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Interesting parallels with fine art smuggling – hard to find buyers



Average recovery fraction:

heroin 6-16% 

methamphetamine 8-21%

marijuana 21-35%

cocaine 24-43%

ivory 4-19%

guns 9-35% 

art 6-20%

Estimates of recovered fraction

V. Stanev, S. Fetter, "Estimating the Amount of Weapon-usable Nuclear Material outside Government 

Control based on Reported Seizures”, Science & Global Security, Vol. 25, 125 (2017).
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Use what we know for other black markets to come up with 

reasonable guess for 𝑓 𝑡 .



50% probability   𝑥 < 65-95 kg
75% probability 𝑥 < 105-165 kg
90% probability   𝑥 < 180-320 kg

Estimates of recovered fraction

V. Stanev, S. Fetter, "Estimating the Amount of Weapon-usable Nuclear Material outside Government 

Control based on Reported Seizures”, Science & Global Security, Vol. 25, 125 (2017).
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Use what we know for other black markets to come up with 

reasonable guess for 𝑓 𝑡 .



Using variability as constrain 

Can we do even better? Need stronger assumptions...

Lets look at the data as function of time

Number of seizures of radioactive 

materials per year in the Black Sea 

region

L. Zaitseva and F. Steinhäusler, Nuclear trafficking issues in the Black 
Sea region,  EU Non-Proliferation Consortium, Non-Proliferation 
Papers 39 (2014)
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Assumption: recovery probability for 

WUMN ≈ recovery probability for all 

radioactive materials



Using variability as constrain 

Consider each year as independent sample of the same process.

Key assumptions:

1) Same number of incidents from year to year

2) Constant recovery probability

Mean: 

But we also have the standard deviation!

𝑛 = 𝑞𝑁𝑡𝑜𝑡

𝜎 𝑁𝑡𝑜𝑡 = 𝑛 1 −
𝑛

𝑁𝑡𝑜𝑡

Binomial model:

each year is an independent sample 

with 𝑁𝑡𝑜𝑡 trials; 

recovery with probability 𝑞
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V. Stanev, S. Fetter, "Estimating the Amount of Weapon-usable Nuclear Material outside Government 

Control based on Reported Seizures”, Science & Global Security, Vol. 25, 125 (2017).



Using variability as constrain 

𝑞 = 1 −
𝜎2

𝑛

𝑛 = 6.0 𝜎2 = 8.1 not compatible with the model!
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Consider each year as independent sample of the same process.

Key assumptions:

1) Same number of incidents from year to year

2) Constant recovery probability

V. Stanev, S. Fetter, "Estimating the Amount of Weapon-usable Nuclear Material outside Government 

Control based on Reported Seizures”, Science & Global Security, Vol. 25, 125 (2017).



Using variability as constrain 

𝑞 = 1 −
𝜎2

𝑛

The number of seizures in 1994 is 15.

More than 4𝜎 above the mean for all years except 1994 -

clearly an outlier. 

Removing 1994 from the record:

𝑛 = 6.0 𝜎2 = 8.1

𝑛 = 5.6 𝜎2 = 4.3 𝑞 = 0.24

not compatible with the model!
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Consider each year as independent sample of the same process.

Key assumptions:

1) Same number of incidents from year to year

2) Constant recovery probability

V. Stanev, S. Fetter, "Estimating the Amount of Weapon-usable Nuclear Material outside Government 

Control based on Reported Seizures”, Science & Global Security, Vol. 25, 125 (2017).



Using variability as constrain

Overdispersion

𝜎𝑑𝑎𝑡𝑎 = 𝜙𝜎𝑚𝑜𝑑𝑒𝑙

Not very satisfying aproach. Ignored the year with most seizures.
Additional variation in the model - changes from year to year.

𝜙 =  
𝑛𝑖 − 𝑛𝑚𝑒𝑎𝑛

2

𝑛𝑚𝑒𝑎𝑛𝑑𝑓

1
2

Randomly combine years by two  

𝑛 = 12.0 𝑞 = 0.15

75% probability 𝑥 > 80 kg

V. Stanev, S. Fetter, "Estimating the Amount of Weapon-usable Nuclear Material outside Government 

Control based on Reported Seizures”, Science & Global Security, Vol. 25, 125 (2017).
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Good-Turing

𝑃 𝑚 > 5𝑘𝑔 = 0!

Does not seem reasonable. 

Average mass of 21 observed seizures - 0.95 kg

So far used the number of seizures. Implicitly assumed the same 

mass distribution for the unrecovered material. 

V. Stanev, S. Fetter, "Estimating the Amount of Weapon-usable Nuclear Material outside Government 

Control based on Reported Seizures”, Science & Global Security, Vol. 25, 125 (2017).
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Good-Turing

So far used the number of seizures. Implicitly assumed the same 

mass distribution for the unrecovered material. 

What if that is not true (some seizures of samples)? 

How do we account for things we have not seen yet?

V. Stanev, S. Fetter, "Estimating the Amount of Weapon-usable Nuclear Material outside Government 

Control based on Reported Seizures”, Science & Global Security, Vol. 25, 125 (2017).
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Good-Turing

Laplace: add one

Turing and Good:  

where

Good, I., The population frequencies of species  and the estimation of 
population parameters, Biometrika 40, p 237 (1953)

𝑃𝑛
∗ =  𝑛𝑛

∗ 𝑁𝑃𝑛 =  𝑛 𝑁

𝑛0
∗ =

𝜈1
𝑁

Estimate the number of 

things we have not seen from 

the frequency of items seen 

only once 
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So far used the number of seizures. Implicitly assumed the same 

mass distribution for the unrecovered material. 

What if that is not true (some seizures of samples)? 

How do we account for things we have not seen yet?



Good-Turing

𝑃 𝑚 = 𝛾0𝑒
 −𝛾0(𝑚  𝑚0

Exponential fit with single adjustable parameter 𝛾0

𝑃 𝑚 > 5𝑘𝑔 ≈ 0.002

Good-Turing corrected fit

𝑃 𝑚 > 5𝑘𝑔 ≈ 0.095𝑃 𝑚 = 𝛾𝑒  −𝛾 (𝑚  𝑚0

Average mass per item - 2.13 kg

We may be a factor of 2 off (0.95 vs 2.13 kg)

V. Stanev, S. Fetter, "Estimating the Amount of Weapon-usable Nuclear Material outside Government 

Control based on Reported Seizures”, Science & Global Security, Vol. 25, 125 (2017).
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So far used the number of seizures. Implicitly assumed the same 

mass distribution for the unrecovered material. 

What if that is not true (some seizures of samples)? 

How do we account for things we have not seen yet?



Good-Turing

In fact, there are many reported but unconfirmed seizures.

The most dramatic one: attempted diversion of 18.5 kg of HEU from nuclear facility in Chelyabinsk.

How does it change our estimates?

If a large amount of WUNM is intercepted, should the estimates for the total go up or down?

V. Stanev, S. Fetter, "Estimating the Amount of Weapon-usable Nuclear Material outside Government 

Control based on Reported Seizures”, Science & Global Security, Vol. 25, 125 (2017).
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So far used the number of seizures. Implicitly assumed the same 

mass distribution for the unrecovered material. 

What if that is not true (some seizures of samples)? 

How do we account for things we have not seen yet?



Conclusion

• With the available data we can make some educated guesses

• Simple estimates require less assumptions

• Even questionable assumptions can be useful – how to approach and think about the data 

Estimate: total amount of uncontrolled WUMN ranging from 40 to 110 

kg, best estimate of about 80 kg

Applying Good-Turing correction roughly doubles it, to 80 to 250 kg, 

with a best estimate of 180 kg

Enough for up to a dozen nuclear weapons 

26



Conclusion

Thank you!  

• With the available data we can make some educated guesses

• Simple estimates require less assumptions

• Even questionable assumptions can be useful – how to approach and think about the data 

Estimate: total amount of uncontrolled WUMN ranging from 40 to 110 

kg, best estimate of about 80 kg

Applying Good-Turing correction roughly doubles it, to 80 to 250 kg, 

with a best estimate of 180 kg

Enough for up to a dozen nuclear weapons 
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