ESTIMATING FISSILE MATERIAL PRODUCTION

TRANSPARENCY WORKSHOP: NUCLEAR WEAPONS AND FISSILE MATERIAL
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HIGHLY ENRICHED URANIUM, 2015

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

Metric tons

B | | Eliminated _ 1250
[] Excess (mostly for blend-down) Estimate
[[] Civilian material
[ ] Naval (irradiated fuel) 1,000
[ Naval (fresh)
Sl Stockpile available for weapons 750
20 MT*
— 10 MT*
B 20MT* 500
—20MT
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http://www.ipfmlibrary.org/gfmr15.pdf

SEPARATED PLUTONIUM, 2015

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

Metric tons

I [ | Civilian stockpile, stored outside country (Dec. 2014)

|:| Civilian stockpile, stored in country (Dec. 2014) Estimate

[ ] Excess military material

I Additional strategic stockpile
I Military stockpile

[ ] Disposed

103.3 MT

37.0MT
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MAKING FISSILE MATERIAL ESTIMATES

THE CASE OF PLUTONIUM







UNIT CELLS OF HEAVY WATER REACTORS

NRX-Reactor Dimona
(Canada) (Israel/France)

Dimona
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PLUTONIUM CONCENTRATION IN URANIUM

FOR VARIOUS NATURAL-URANIUM FUELED REACTOR TYPES
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ISRAEL

A TURNKEY FISSILE MATERIAL
PRODUCTION COMPLEX
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////
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, trittum 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

| I | I | 250 m
I ! I ! | 1000 ft
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TECHNICAL SPECIFICATIONS OF "EL-3"

SOME DATA CAN BE USED TO COMPLEMENT DATA OTHERWISE UNAVAILABLE FOR DIMONA

Outside diometer of vat 2584

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
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1985 VANUNU PICTURES AND TESTIMONY
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PLUTONIUM CONCENTRATION IN URANIUM

FOR VARIOUS NATURAL-URANIUM FUELED REACTOR TYPES
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€ “Unit 14: Here the fluid is concentrated to 450 grams/litre
5 of uranium with 170/180 mgms/litre of plutonium.”
(a1

A 180/450 mg/g = 0.4 g/kg, i.e., burnup: about 415 MWd/t
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DIMONA REACTOR, 1965-2015

POSSIBLE OPERATIONAL HISTORIES AND CUMULATIVE PLUTONIUM PRODUCTION

SCENARIO A Cumulative plutonium production: 520 kg

SCENARIO B

70 MW

SCENARIO C 70 MW

70 MW 140 MW 70 MW

70 MW 140 MW 70 MW




MORE THAN EVER EXPECTED?

50+ YEARS OF PLUTONIUM PRODUCTION AT DIMONA, 1964-2017

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)

Transparency Workshop, Center for Strategic and International Studies, Washington, DC, February 2017



FRANCE

AMBIGUITY BY DESIGN




HIDING IN PLAIN SIGHT

EARLY PLUTONIUM PRODUCTION FOR "PEACEFUL PURPOSES’

En 1958 } * i

\

“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.”

L'ELECTRICITE ATOMIQUE

Transparency Workshop, Center for Strategic and International Studies, Washington, DC, February 2017



2010 CEA FACTSHEET

www.ipfmlibrary.org/ceal0c.pdf

(Currently also available at www.francetnp.gouv.fr/IMG/pdf/dossier_de presse demantelement - 2015 v2.pdf)

Marcoule : G1, G2 and G3 reactors for plutonium production

In the 1950s, the Marcoule site of the French Atomic Energy Commission, in the
department of Gard, was selected for the first industrial-scale reactors for producing
plutonium.

The tech

graphite Having 250 megawatts of thermal power per unit, the G2 and G3 reactors operated
from 1958 to 1980 and from 1959 to 1984, respectively. During this period, they

The G1 ( produced plutonium for national defence purposes and also supplied the electricity grid

in 1956. with 11 billion kWh.
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PUBLIC HISTORIC DOCUMENTS CAN OFTEN HELP
RECONSTRUCT PRODUCTION HISTORIES

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

HOW MUCH FISSILE MATERIAL IS ENOUGH 7

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

Transparency Workshop, Center for Strategic and International Studies, Washington, DC, February 2017



WHAT'S NEXT?




FISSILE MATERIALS BY CATEGORY
GLOBAL STOCKPILE OF PLUTONIUM AND HIGHLY ENRICHED URANIUM, 2015

Weapon equivalents

70,000
B Plutonium



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

TRANSPARENCY SCORECARD, 2017

INFORMATION ON NUCLEAR WARHEAD AND FISSILE MATERIAL INVENTORIES AND STATUS

United States Russia Britain France China

No Yes Yes Relative

Number of total warheads Approximate (upper limit) (upper limit) (out of date)

Yes Yes Yes

(strategic only) (strategic only) (planned) e

Number of deployed warheads

Yes Yes

Dismantlements Yes No (no details) (no details)

Verification Partial Partial No No

Fissile material stockpiles Yes No Yes. No
(no details)

Production histories Yes No No No

Yes Yes Yes No
(nothing new) (nothing new) (nothing new)

Partial Partial
(but no longer) (some plutonium)

Excess/Disposal

Verification Partial No

Transparency Workshop, Center for Strategic and International Studies, Washington, DC, February 2017



THE UNITED STATES HAS ALREADY MADE
BASELINE DECLARATIONS

(BUT COULD UPDATE THEM MORE FREQUENTLY)
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Plutonium: P

. HigHLY ENRICHED URANIUM:
The First 50 Years U, Dopartmnd o Enry ¢ crep Uraniy
STRIKING A BALANCE

A HistoricAL REPORT ON THE UNITED STATES
HicHLY ENRICHED URANIUM PRODUCTION,
AcauisiTioN, AND UTILIZATION ACTIVITIES
From 1945 THrRouGH SEPTEMBER 30, 1996

U.S. DEPARTMENT OF ENERGY
NATIONAL NUCLEAR SECURITY ADMINISTRATION
OFFIce oF THE DEPUTY ADMINISTRATOR

FOR DEFENSE PROGRAMS

DecemBER 2005

REvisioN 1

United States plutonium production, acquisition, OFFICIAL USE ONLY
and utilization from 1944 through 1994 Contains information which may be exempt frer public

release under the FTi m of Information Act (5 U.S.C.
552), exemption number 2. oval by the Department of
Energy prior to publi ease is requi

Reviewsd by: _Bive Bentonl Date: 2[ ‘7‘

OFFICIAL-USE-ONLY - DRAFT
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POSSIBLE REPORTING FORM

FOR A FISSILE MATERIAL (BASELINE) DECLARATION

Inventory as of (DATE)

Military, available for weapons

Military, reserved for non-weapon purposes
Military, in irradiated fuel

Excess military, not available for IAEA safeguards
Civilian, not available for IAEA safequards
Civilian, available for IAEA safequards

Excess military, available for IAEA safeguards

Transparency Workshop, Center for Strategic and International Studies, Washington, DC, February 2017
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NOTIONAL PRODUCTION SCENARIO

(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

(for example, by comparison with historic krypton emissions)

Transparency Workshop, Center for Strategic and International Studies, Washington, DC, February 2017



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
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MANY NON-NUCLEAR WEAPON STATES HAVE
CANDIDATE FACILITIES THAT COULD BE USED TO DEMONSTRATE
METHODS REQUIRED FOR NUCLEAR ARCHAEOLOGY

Transparency Workshop, Center for Strategic and International Studies, Washington, DC, February 2017



"THE CLOCK IS TICKING’

SHUTDOWN ENRICHMENT PLANTS AND PRODUCTION REACTORS
ARE BEING DECOMMISSIONED OR DEMOLISHED
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