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495 tons of separated plutonium

1280 tons of highly-enriched uranium
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http://nuclearsecrecy.com

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 verification

(for example, by comparison with historic krypton emissions)
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NUCLEAR ARCHAEOLOGY

THE CASE OF PLUTONIUM PRODUCTION




COMPUTER MODEL OF NRX/CIRUS

(40-50 MW, HEAVY-WATER MODERATED, NATURAL-URANIUM FUELED)

—| NRX-Reactor
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MANY ELEMENTS ARE PRESENT
AS IMPURITIES IN ALUMINUM

RESULTS FROM ANALYSIS OF HISTORIC ALUMINUM SAMPLE FROM
MANHATTAN COLLEGE ZERO POWER REACTOR (MCZPR)

Element Content Element Content

5 Boron 26 Iron
12 Magnesium 28 Nickel
14 Silicon 29 Copper
22 Titanium 30 Zinc
23 Vanadium 40 Zirconium

24 Chromium 82 Lead




ARCHAEOLOGY FOR CANADA'S NRX REACTOR
EVOLUTION OF SELECTED CHLORINE RATIOS, SIMULATED DATA

Example: measured 36Cl/33C| ratio = 0.55

Isotope ratio

Neutron fluence [1022 cm?]
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ARCHAEOLOGY FOR CANADA'S NRX REACTOR

“LOOKUP TABLES™ CAN BE USED TO MAP FLUENCE VALUE (IN FUEL CHANNEL)
T0 LIFETIME PLUTONIUM PRODUCTION OF REACTOR

Lifetime plutonium production [kg]

Neutron fluence [102%/cm?]
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FORENSIC ANALYSIS OF GRAPHITE SAMPLES COULD CONFIRM TOTAL PLUTONIUM
PRODUCTION IN NORTH KOREA WITHIN AN UNCERTAINTY OF +2 KG
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PLUTONIUM PRODUCTION REACTORS

BY TYPE AND COUNTRY

Graphite moderated Heavy-water moderated
H20 cooled CO; cooled H20 cooled D20 cooled

United States

Russia

United Kingdom
France
China

Israel

Pakistan
DPRK
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WHAT'S NEXT

FOR NUCLEAR ARCHAEOLOGY ?




NUCLEAR ARCHAEOLOGY FOR HISTORIC
PRODUCTION OF HIGHLY ENRICHED URANIUM
HAS YET TO BE DEMONSTRATED
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PREPARING FOR FUTURE VERIFICATION

MANY DIFFERENT MATERIALS, PROCESSES, AND SITES HAVE BEEN
INVOLVED IN FISSILE MATERIAL PRODUCTION

THE CASE OF PLUTONIUM

A. Glaser, PVTS-SGS Workshop, Beijing, June 2015



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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http://www.sellafieldsites.com
http://www.francetnp.fr

"THE CLOCK IS TICKING’

SHUTDOWN ENRICHMENT PLANTS AND PRODUCTION REACTORS
ARE BEING DECOMMISSIONED OR DEMOLISHED
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