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HIGHLY ENRICHED URANIUM, 2015

Stockpile available for weapons

Naval (fresh)

Civilian material

Excess (mostly for blend-down)

Naval (irradiated fuel)

Eliminated

Metric tons

*Estimate

11.7 MT26 MT*18 MT* 3.2 MT* 0.3 MT* 15 MT3.1 MT*

1.4 MT 
8.1 MT4.6 MT

616 MT*

517 MT

253 MT

142 MT

122 MT

147 MT

62 MT

20 MT* 
10 MT* 
20 MT*

20 MT

GLOBAL STOCKPILE IS ABOUT 1357 TONS, ALMOST 99% IS IN WEAPON STATES

Global Fissile Material Report 2015, International Panel of Fissile Materials, Princeton, December 2015, www.ipfmlibrary.org/gfmr15.pdf

http://www.ipfmlibrary.org/gfmr15.pdf
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SEPARATED PLUTONIUM, 2015

Military stockpile

Additional strategic stockpile

Civilian stockpile, stored in country (Dec. 2014)

Civilian stockpile, stored outside country (Dec. 2014)

Excess military material

Metric tons

*Estimate

1.8 MT* 0.59 MT* 0.03 MT 88 MT*0.17 MT*0.86 MT* 38.3 MT6 MT* 3.2 MT

49.3 MT

103.3 MT

51.2 MT

34.0 MT

37.0 MT

10.8 MT

0.2 MT* 
5.3 MT*

61.9 MT

6 MT*

Disposed

4.4 MT

2.1 MT 2.9 MT

GLOBAL STOCKPILE IS ABOUT 503 TONS, MORE THAN HALF IS CIVILIAN AND THIS STOCK IS GROWING

Global Fissile Material Report 2015, International Panel of Fissile Materials, Princeton, December 2015, www.ipfmlibrary.org/gfmr15.pdf

http://www.ipfmlibrary.org/gfmr15.pdf


MAKING FISSILE MATERIAL ESTIMATES
THE CASE OF PLUTONIUM
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PLUTONIUM CONCENTRATION IN URANIUM

8

FOR VARIOUS NATURAL-URANIUM FUELED REACTOR TYPES

Dimona

NRX/Cirus

Discharge burnup [MWd/t]



ISRAEL
A TURNKEY FISSILE MATERIAL 

PRODUCTION COMPLEX





250 m

1000 ft

Dimona, Israel
Coordinates: 31.00 N, 35.14 E

Dimona reactor

Plutonium separation plant (Machon 2)
According to Vanunu, Machon 2 has two floors 
above ground and six floors below ground; 
besides plutonium separation, lithium-6 
production, tritium extraction, plutonium pit 
production, and fabrication of other weapon
components are carried out in Machon 2.

Uranium metal production

Fuel fabrication

Pilot-scale enrichment plants
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U. M. Staebler and J. W. Crouch, Jr., Notes on Visit to Israel, Drast, 23 May 1961  
Available at www.gwu.edu/~nsarchiv/israel/documents/first, mirrored at www.ipfmlibrary.org/sta61.pdf

http://www.gwu
http://www.ipfmlibrary.org/sta61.pdf
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TECHNICAL SPECIFICATIONS OF “EL-3”

13

J. Robert, J. Hainzelin, and V. Raievski, “The EL-3 Reactor,” A/CONF. 15/P/335, Proceedings of the Second United Nations 
International Conference on the Peaceful Uses of Atomic Energy, Geneva, 1958, www.ipfmlibrary.org/rob58.pdf

SOME DATA CAN BE USED TO COMPLEMENT DATA OTHERWISE UNAVAILABLE FOR DIMONA 
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1985 VANUNU PICTURES AND TESTIMONY
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PLUTONIUM CONCENTRATION IN URANIUM

15

FOR VARIOUS NATURAL-URANIUM FUELED REACTOR TYPES

Dimona

NRX/Cirus

Unit 14: Here the fluid is concentrated to 450 grams/litre 
of uranium with 170/180 mgms/litre of plutonium.” 

180/450 mg/g = 0.4 g/kg, i.e., burnup: about 415 MWd/t 

Example from Vanunu Transcripts:
“0.4 g/kg

415 MWd/t

Discharge burnup [MWd/t]
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DIMONA REACTOR, 1965–2015
POSSIBLE OPERATIONAL HISTORIES AND CUMULATIVE PLUTONIUM PRODUCTION

SCENARIO A

SCENARIO B

SCENARIO C

SCENARIO D

SCENARIO E

1965 1975 1985 1995 2005 2015

Cumulative plutonium production: 520 kg

720 kg

870 kg

1010 kg

870 kg140 MW

140 MW 70 MW

70 MW

40 MW

40 MW

40 MW

40 MW

40 MW

40 MW

40 MW

70 MW

70 MW

70 MW

70 MW

Power uprate prior to Vanunu’s arrival*

Decision not to qualitatively expand nuclear arsenal*

Tritium production becomes main mission of Dimona*

*Possible circumstances or explanations
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MORE THAN EVER EXPECTED?
50+ YEARS OF PLUTONIUM PRODUCTION AT DIMONA, 1964–2017

PLUTONIUM MOST LIKELY A “BYPRODUCT” TODAY

Israel’s arsenal is believed to include 100–150 warheads; if our 

estimates are reasonable, Israel has plutonium for 2–3 times as many 

warheads (and could cease fissile material production)

ISRAEL HAS AVAILABLE A LARGE PLUTONIUM STOCKPILE

Estimated inventory on the order of 850 kg ± 130 kg 

with a current production rate of 10–18 kg/year, depending on  
power level of Dimona (40–70 MW thermal)

Sources: authors’ archives (top) and Channel 10 (bottom)



FRANCE
AMBIGUITY BY DESIGN
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HIDING IN PLAIN SIGHT
EARLY PLUTONIUM PRODUCTION FOR “PEACEFUL PURPOSES”

Based on the premise of refraining 
from any military applications in the 
field of atomic energy, France 
therefore had to embark on a vast 
program of plutonium production.”

“

Sciences et Avenir, March 1956
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2010 CEA FACTSHEET
www.ipfmlibrary.org/cea10c.pdf

(Currently also available at www.francetnp.gouv.fr/IMG/pdf/dossier_de_presse_demantelement_-_2015_v2.pdf)

http://www.ipfmlibrary.org/cea10c.pdf
http://www.francetnp.gouv.fr/IMG/pdf/dossier_de_presse_demantelement_-_2015_v2.pdf
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PUBLIC HISTORIC DOCUMENTS CAN OFTEN HELP 
RECONSTRUCT PRODUCTION HISTORIES

(MUCH BETTER WOULD BE FORMAL DATA EXCHANGES OF HISTORIC PRODUCTION RECORDS)

Le retraitement des combustibles irradiés: La situation de la Hague et Marcoule, Analyses et positions de la CFDT 
Rayonnement, Syndicat National du Personnel de l'Energie Atomique, No. 92, Février 1981
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FRANCE

FRANCE HAS MATERIAL FOR 1000+ NUCLEAR WEAPONS

Based on our estimates, on the order of 70–80% of the military 

plutonium and HEU are outside the weapons stockpile (and without 

apparent military use)

FRANCE HAS FEWER THAN 300 NUCLEAR WEAPONS TODAY

The amount of fissile material in this weapons stockpile 

is on the order of 1–1.5 tons of plutonium and 3–5 tons of HEU

Sources: www.defense.gouv.fr (top) and www.francetnp.fr (bottom)

HOW MUCH FISSILE MATERIAL IS ENOUGH?



WHAT’S NEXT?
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FISSILE MATERIALS BY CATEGORY

Military Naval Excess Civilian Disposed of

Weapon equivalents

144 tons

931 tons

303 tons

62 tons

664 tons

61 tons

89 tons

269 tons

4.4 tons

Plutonium 
Highly enriched uranium

GLOBAL STOCKPILE OF PLUTONIUM AND HIGHLY ENRICHED URANIUM, 2015

Assumptions for weapon equivalents: 3 kg of weapon-grade plutonium, 5 kg of reactor-grade plutonium, 15 kg of highly enriched uranium 
(As of 2015, more than 220,000 weapon-equivalents in the global stockpile of fissile material) 

Source: Global Fissile Material Report 2015, International Panel on Fissile Materials, Princeton, NJ, www.ipfmlibrary.org/gfmr15.pdf

http://www.ipfmlibrary.org/gfmr15.pdf
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TRANSPARENCY SCORECARD, 2017

United States Russia Britain France China

Yes No Yes 
(no details)

No No

Yes No No No No

Yes 
(nothing new)

Yes 
(nothing new)

Yes 
(nothing new)

No No

Partial Partial 
(but no longer)

Partial 
(some plutonium)

No No

Approximate No Yes 
(upper limit)

Yes 
(upper limit)

Relative 
(out of date)

Yes 
(strategic only)

Yes 
(strategic only)

Yes 
(planned)

Yes No

Yes No Yes 
(no details)

Yes 
(no details)

No

Partial Partial No No No

Number of total warheads

Number of deployed warheads 

Dismantlements

Verification

Fissile material stockpiles

Production histories

Excess/Disposal

Verification

INFORMATION ON NUCLEAR WARHEAD AND FISSILE MATERIAL INVENTORIES AND STATUS
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THE UNITED STATES HAS ALREADY MADE 
BASELINE DECLARATIONS

HIGHLY ENRICHED URANIUM:
STRIKING A BALANCE
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OFFICIAL USE ONLY
Contains information which may be exempt from public
release under the Freedom of Information Act (5 U.S.C.
552), exemption number 2.  Approval by the Department of
Energy prior to public release is required.

Reviewed by: _________________ Date: ______________

OFFICIAL USE ONLY - DRAFT

OFFICIAL USE ONLY - DRAFT

A HISTORICAL REPORT ON THE UNITED STATES

HIGHLY ENRICHED URANIUM PRODUCTION,
ACQUISITION, AND UTILIZATION ACTIVITIES

FROM 1945 THROUGH SEPTEMBER 30, 1996

U.S. DEPARTMENT OF ENERGY

NATIONAL NUCLEAR SECURITY ADMINISTRATION

OFFICE OF THE DEPUTY ADMINISTRATOR

  FOR DEFENSE PROGRAMS

REVISION 1

DECEMBER 2005

1996 and 2001 U.S. Declarations on Plutonium and HEU 

(BUT COULD UPDATE THEM MORE FREQUENTLY)
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POSSIBLE REPORTING FORM

Specifying average isotopics (uranium-235 content in HEU and plutonium-239 in plutonium) 
would enable further consistency checks of the declarations

FOR A FISSILE MATERIAL (BASELINE) DECLARATION

Global Fissile Material Report 2013, International Panel on Fissile Materials, Princeton, October 2013, www.ipfmlibrary.org/gfmr13.pdf

http://www.ipfmlibrary.org/gfmr13.pdf
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NOTIONAL PRODUCTION SCENARIO
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(AND ALTERNATIVE WAYS OF DECLARING HISTORIC FISSILE MATERIAL PRODUCTION)
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WILL WE EVER KNOW HOW MUCH  
FISSILE MATERIAL EXISTS WORLDWIDE?

RECONSTRUCTING HISTORIC FISSILE MATERIAL PRODUCTION 

Many aspects of declared production histories can be reviewed 
for consistency even without dedicated verification efforts

Source: Ole Ross and www.francetnp2010.fr

DATA EXCHANGE AND NUCLEAR ARCHAEOLOGY

Verification could begin with data exchanges (e.g. sharing of available 
operating records) and, eventually, envision onsite inspections

Nuclear archaeology is based on nuclear forensic analysis 
of samples taken at former production facilities

(for example, by comparison with historic krypton emissions)
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TEST BEDS FOR NUCLEAR ARCHAEOLOGY
To begin countries could offer single sites or facilities as test beds and 

invite partners with similar production facilities to engage in “site-to-site exercises” to  
jointly demonstrate verification approaches and measurement techniques

Lest: Windscale Piles, www.sellafieldsites.com  
Right: G2/G3, Marcoule, www.francetnp.fr

http://www.sellafieldsites.com
http://www.francetnp.fr
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MANY NON-NUCLEAR WEAPON STATES HAVE 
CANDIDATE FACILITIES THAT COULD BE USED TO DEMONSTRATE 

METHODS REQUIRED FOR NUCLEAR ARCHAEOLOGY

NRX, Canada Ågesta Reactor (105 MWt), near Stockholm, Sweden
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“THE CLOCK IS TICKING”
SHUTDOWN ENRICHMENT PLANTS AND PRODUCTION REACTORS 

ARE BEING DECOMMISSIONED OR DEMOLISHED

Demolition of the K-25 uranium enrichment plant began 
in December 2008 and has been completed in 2012 
Source: Bechtel Jacobs

China’s unfinished underground plutonium  
production complex (Project 816), near Chongqing 

Source: CQTV




