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BACKGROUND



Graphic/concept by Alex Wellerstein and Tamara Patton 
Status as of end of 2016

1340 tons of highly enriched uranium (HEU)

520 tons of separated plutonium

Each block corresponds to 12 kg of HEU, 
the amount necessary to make a fission bomb; 

about 111,670 bombs-worth total

Each block corresponds to 4 kg of plutonium, 
the amount necessary to make a fission bomb; 
about 130,000 bombs-worth total

There is enough nuclear explosive material 
worldwide to make over 200,000 nuclear weapons
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ESTIMATING INVENTORIES CAN BE HARD
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Plutonium: The First 50 Years, DOE/DP-0137, U.S. Department of Energy, Washington, DC, February 1996, www.ipfmlibrary.org/doe96.pdf

(AN EXAMPLE FROM THE 1996 U.S. PLUTONIUM DECLARATION)

http://www.ipfmlibrary.org/doe96.pdf


K Reactor, Savannah River Site, i.imgur.com/CPrBoCK.jpg
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DEVELOPING THE TOOLS FOR POSSIBLE 
NUCLEAR ARCHAEOLOGY IN NORTH KOREA
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Uranium mine at Pyongsan   
Credit: Google Earth

Inside North Korea’s Yongbyon Reactor 
Credit: CNN/Brian Rokus, 2008

Operating records shared in 2008 
Credit: Chung Sung-Jun
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Verified elimination of a nuclear weapons program may 
require robust methods to reconstruct past activities in order 
to enable comprehensive, verifiable, and irreversible disarmament.

Our topic area seeks to develop “new tools and methods for 
monitoring past and present fuel cycle activities.” 

We envision a framework that allows reconstruction of a state’s fissile-material production 
history by examining the role of state-of-the-art modeling tools, operating records, and other 
available data.

MONITORING, TECHNOLOGY, VERIFICATION

 The framework would complement “traditional” nuclear archaeology techniques.



Hanford, WA — West Valley, NY 
February 1969

CASE STUDY
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DECLARED PLUTONIUM PRODUCTION AT HANFORD
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Plutonium: The First 50 Years, DOE/DP-0137, U.S. Department of Energy, Washington, DC, February 1996, www.ipfmlibrary.org/doe96.pdf

http://www.ipfmlibrary.org/doe96.pdf
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Table 1. Fuel Reprocessed and Plutonium Recovered at NFS West Valley 

Lot Fuel Reactor Process Receivedb Recovered’ 

No Source Name Date MTUd kg Pu kg Pu 
I 

2 Atomic Energy Commission N-Reactor 4-22-66 19.7 1.7 1.2 

1 5-20-66 28.8 2.3 2.5 

3 7-15-66 46.7 50.9 50.2 

4 Commonwealth Edison Dresden-l 11-12-66 50.0 191.0 182.2 

Yankee Atomic Electric Yankee Rowe 6-7-67 49.8 285.1e 278.6 

Atomic Energy Commission N-Reactor 9-2-67 26.6 52.6 50.4 

12-2-67 26.1 47.4 46.9 

l-6-68 42.4 75.4 77.0 

5-5-68 38.8 79.1 78.0 

6-29-68 55.3 115.7 114.4 

Consolidated Edison’ Indian Point-l 11-15-68 1.1 

Atomic Energy Commission N-Reactor 2-13-69 48.9 102.5 90.2 

13 Yankee Atomic Electric Yankee Rowe 5-l 4-69 19.6 176.0 171.6 

14 Atomic Energy Commissiong N-Reactor 8-16-69 30.3 

15 Commonwealth Edison Dresden-l 10-l-69 21.5 104.6 102.3 

16 Consolidated Edison Indian Point-i 1 l-23-69 15.6 107.6 104.2 

17 Yankee Atomic Electric Yankee Rowe 6-2-70 9.3 95.6 91.5 

18 Northern States Power Pathfinder B-14-70 9.6 7.1 7.0 

19 Consumers Power Big Rock Point 11-26-70 18.4 72.8 72.7 

20 1 Consolidated Edison ( Indian Point-l 1 1-11-71 1 7.6 1 68.1 1 63.0 

21 Atomic Energy Commission N-Reactor 2-25-71 15.8 25.4 22.8 

22 Puerto Rico Water Resources Bonus Superheater” 4-15-71 1.7 0.9 
Authority Bonus Boiler 4-18-71 2.4 4.0 6.5 

23 Pacific Gas and Electric Humbolt Bay 5-20-71 20.8 87.2 86.0 

24 Yankee Atomic Electric Yankee Rowe 7-16-71 9.5 95.7 91.0 , , , , , 
25 Carolinas-Virginia Nuclear Power Associates CVTR-PARR 10-4-71 3.5 11.6 11.8 

26 Consumers Power Big Rock Point 11-30-71 5.8 27.9 28.4 
I 1 I I I I 

27 Nuclear Fuels Services, Erwin, Tennessee’ SEFOR 12-12-71 0.1 95.5 95.2 

Total 

Note: Footnotes for Table 1 can be found on the page 12. 

625.7 1,983.7 1,925.6 
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UNDERSTANDING “LOT 12”
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Recovered 90.2 kg of plutonium 

Inventory difference of (102.5 – 90.2) kg = 12.3 kg 

Corresponds to 12300 g / (2.1 g/kg) ≈ 5800 kg of spent fuel equivalent

NUCLEAR FUEL SERVICES, WEST VALLEY, NY (+42.4506, –78.6547)

HANFORD N-REACTOR

48,900 kg of uranium in spent fuel containing an estimated 102.5 kg of plutonium 

About 2.1 g of plutonium per kilogram of fuel 

Approximate average burnup: ~ 3000 MWd/t (with about 85% Pu-239)

(+46.6744, –119.5695)

(FUEL FROM HANFORD N-REACTOR, PROCESSED IN FEBRUARY 1969)

Source: U.S. Department of Energy (top) and Antepenultimate/Wikipedia Commons



CREATING SYNTHETIC 
NUCLEAR FUEL CYCLE HISTORIES
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NOTIONAL NUCLEAR FUEL CYCLE
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WITH (UNDECLARED) MILITARY DIMENSION

BASIC CYCLUS CONCEPTS

Cyclus uses a time-step approach to march 
through time and determine what actions are 
taken by each agent at each point in time.

• New agents may enter the system (deployment) 

• Each agent prepares for exchange of material 

• Agents engage in material trades 

• Each agent acts aster the exchange of material 

• Agents may leave the system (decommissioning)

Source: fuelcycle.org

Source: John Kinney, IAEA

http://fuelcycle.org



