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Background

Nuclear Weapon and Fissile Material Stocks, 2009




Country Nuclear Warheads

about 10,000

(with a large fraction awaiting dismantlement)

United Kingdom

Russia

Israel 100-200

India 60-70

AECL, Chalk River, December 15, 2009



Modern Thermonuclear Warhead

Neutron generator Primary (trigger)
Chemical explosive

Plutonium
Secondary

HEU

Beryllium

Lithium deuteride
(fusion fuel)

HEU

Deuterium-tritium gas

A modern thermonuclear warhead may contain both plutonium and highly enriched uranium
(Average estimated values are 4 kg and 25 kg of plutonium and HEU, respectively)

AECL, Chalk River, December 15, 2009



HEU Stockpiles, 2009

Global stockpile is about 1600 tons, over 99% is in weapon states
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The Naval HEU Problem
in a Disarming World
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Stockpiles of Separated Plutonium, 2009

Global stockpile is 500 tons, half is civilian and this stock is growing
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The Problem of CGivilian Separated
Plutonium in a Disarming World

Metric tons separated plutonium
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Verified Declarations of
Fissile Material Stock and Production




Why Declarations Matter

“The U.K. believes that transparency about fissile material
acquisition for defence purposes will be necessary if
nuclear disarmament is to be achieved; since achieving
that goal will depend on building confidence that any
figures declared for defence stockpiles of fissile material
are consistent with past acquisition and use. This report
Is a contribution to building such confidence.”

Historical Accounting for U.K. Defence Highly Enriched Uranium,
U.K. Ministry of Defence, March 2006, www.ipfmlibrary.org/mod06.pdf




Content of Declarations and
Sequencing of Information Release

Aggregate Total inventory

Initial
Declarations

(unverified)

Historical production data
By Type for different materials
(and selected characteristics)

By Site / Facility Same by site/facility

Location, mass, composition
of each item or container

By Item




Content of Initial Declarations

. Matenal available for weapons
(in warheads, warhead components and working stocks)

. Material that has been declared excess for weapons purposes
. Highly enriched uranium for naval and other military-reactor use

. Givilian matenial




The 1996 and 2001 U.S. Declarations
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Example from the U.S. Declarations

Plutonium Production by Year and Site

Hanford Site
B Savannah River Site
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Plutonium: The First 50 Years: United States Plutonium Production, Acquisition and Utilization from 1944 Through 1994
U.S. Department of Energy, DOE/DP-0137, 1996, www.ipfmlibrary.org/doe96.pdf

AECL, Chalk River, December 15, 2009



Example from the U.S. Declarations
Stockpile of Highly Enriched Uranium by Location (U.S. DOE Sites, 1996)

. Hanford 0.5 t

Idaho National
Engineering Laboratory 27.4 t

Brookhaven °

National Laboratory 0.3 t
Portsmouth Plant 21.7 t

* Rocky Flats 6.0 t
Oak Ridge National Laboratory 1.6 t
Y-12 Plant (> 189.0 t)

Los Alamos K-25 Plant 1.5 t

National Laboratory 3.5t «

«Sandia

National Laboratory 0.7 t * Savannah River 22.2 t

o Pantex (16.7 t)

Highly Enriched Uranium: Striking a Balance. 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, January 2001 (publicly released in 2006), www.ipfmlibrary.org/doe0l.pdf



http://www.ipfmlibrary.org/doe01.pdf
http://www.ipfmlibrary.org/doe01.pdf

Example from the U.S. Declarations
Stockpile of Highly Enriched Uranium by Category

. Stockpile available
for weapons

618
1994 (741-100-23)

one day before
declaration

. Fresh naval fuel reserve

Irradiated naval fuel

AaAAARRNNRNNNNNNN|..\y

. Excess (to be used as
civilian HEU)

Excess (irradiated,
for direct disposal)

457

(618-174+13)

Excess (to be blended
down)

Civilian HEU, fresh
(about 10 tons)

AANNANNNNNNNNNNNNNNNNNY

Civilian HEU, in spent fuel

250

(457-200-7) i_ : ' Blended down

—_ —

*(151-124+52+7)

800

Inventory [metric tons]

AECL, Chalk River, December 15, 2009



Approaches to Verifying
Historic Production of Fissile Materials




Atmospheric Krypton-85 Levels

July 1987

120W 60E 120E
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K. Winger, ]. Feichter, M. B. Kalinowski, H. Sartorius and C. Schlosser, “A New Compilation of the Atmospheric Krypton-85 Inventories from
1945 to 2000 and its Evaluation in a Global Transport Model,” Journal of Environmental Radioactivity, Vol. 80, 2005, pp. 183-215




Atmospheric Krypton-85 Levels

Total (from atmospheric
Kr® concentrations)

Remainder
(from Soviet Union) §

From Western
Europe & Japan
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Frank von Hippel, David H. Albright and Barbara G. Levi, “Stopping the Production of Fissile Materials for Weapons,”
Scientific American, September 1985

AECL, Chalk River, December 15, 2009



Nuclear Archaeology

“A set of methods and tools to estimate historic fissile material production
through on-site measurements at fissile-material production and storage sites”




Nuclear Archaeology for Plutonium

In Graphite-moderated Reactors: Graphite Isotope-Ratio Method (GIRM)

Measurements of the degree of transmutation of trace elements
in the graphite moderator of a production reactor to estimate the cumulative neutron flow
through the graphite and thereby the cumulative plutonium production in this reactor

GIRM has been applied to several case studies of historical plutonium production,
including the U.S. Hanford reactors, the U.K. Calder-Hall-type reactors,
and the French Marcoule G-Series reactors
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Nuclear Archaeology for Plutonium
(U.S. Hanford B Reactor, 1944-1968)

B-Reactor
(Hanford)
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Nuclear Archaeology for Plutonium
(U.S. Hanford B Reactor, 1944-1968)

B-Reactor
(Hanford)

=2

‘;' e~y
e
"4-\3
o
o

Sampling Pos.i\tion
&

gutiz tidhi

014, 0. 4.4, 4.4.4
' w.sz-
el ]
(HHHHATARARAS

TR AMANNY

N

1[

. ——
1% I g
| >

Graphite

AECL, Chalk River, December 15, 2009



Graphite Isotope-Ratio Method (GIRM)
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Jungmin Kang, “Using Graphite Isotope Ratio Method to Verify DPRK's Declaration of Plutonium Production,” under review




North Korea’s Yonghyon Reactor
(Design based on the U.K. Calder Hall Reactor)

Photo: Keith Luse Demolition of cooling tower, June 26, 2008




North Korea’s Yonghyon Reactor

Credit: CNN/Brian Rokus




Plutonium Production Reactor Types

Graphite moderated Heavy-water moderated Driver fuel
with external
H,0 cooled CO; cooled H20 cooled D20 cooled DU targets
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A. Glaser, Isotopic Signatures of Weapon-grade Plutonium from Dedicated Natural-uranium-fueled Production Reactors and
Their Relevance for Nuclear Forensic Analysis, Nuclear Science & Engineering, September 2009

AECL, Chalk River, December 15, 2009



Natural-Uranium-Fueled Reactors

B-Reactor ] Calder Hall | NRX-Reactor
(Hanford) (United Kingdom) (Canada)

B Uranium

[ Light water

[] Carbon Dioxide
[ Graphite

[ Heavy Water

A. Glaser, Isotopic Signatures of Weapon-grade Plutonium from Dedicated Natural-uranium-fueled Production Reactors and
Their Relevance for Nuclear Forensic Analysis, Nuclear Science & Engineering, September 2009

AECL, Chalk River, December 15, 2009



Nuclear Archaeology for
Uranium Enrichment
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Integrated Assessment
of Fissile Matenal Production




Integrated Operation of the U.S.
Gaseous Diffusion Plants

93%

Shipments to
industry and
government

Product stockpile
2 to 4%

Interplant shipments
Feed at 0.9 to 1.1%
various %

Natural feed
0.711%

Feed at
various % Natural

Interplant shipments feid
0.30 to 0.55% 0.711%

Tails
0.20 to 0.40 %

97.65%

Shipments to
industry and
government

Feed at
various %

Natural feed
0.711%

Interplant shipments
0.30 to 0.55%

Highly Enriched Uranium: Striking a Balance. 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, January 2001 (publicly released in 2006), www.ipfmlibrary.org/doe0l.pdf



http://www.ipfmlibrary.org/doe01.pdf
http://www.ipfmlibrary.org/doe01.pdf

Isotopics of Weapon-Grade Plutonium

93.8% Pu-239, produced from natural and pre-irradiated uranium
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238p,,,T0Tp,

A. Glaser, Isotopic Signatures of Weapon-grade Plutonium from Dedicated Natural-uranium-fueled Production Reactors and
Their Relevance for Nuclear Forensic Analysis, Nuclear Science & Engineering, September 2009




Production Modes Leave Characteristic
Signatures in the Fissile Materials

ENRICHMENT INDICATOR

Clean HEU

REACTOR INDICATOR

Low Pu-238
content in
plutonium

REACTOR ENRICHMENT INDICATOR

Low Pu-238

N K/ ) v
0 _-I content 1n Pu
'-'- and U-236 in HEU

INDICATOR

Low and high
Pu-238 content
in plutonium




The Way Forward

Verified Declarations of Fissile-Material Stocks and Production

Most former production facilities are already shut-down or in various
stages of decommissioning

To retain the option of verifying declarations:

Need to preserve production reactors (and depleted uranium tails)
in a condition that will permit nuclear archaeology

Some precedents and many opportunities for cooperative initiatives

Start with joint demonstration exercises
to establish the methods and tools for all types of relevant plants




