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Attachment*

The FM(CO)T :
Verification issues

Introduction by Thomas E. Shea
International Atomic Energy Agency

Exercise on banning the production of fissile material for nuclear weapons
and other nuclear explosive devices: an essential step towards nuclear
disarmament and non-proliferation

Organised by the Permanent Mission of the Netherlands
To the Conference on Disarmament

Geneva, 25 September 2002

* The attachment is being circulated in the language

of submission only.
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The FM{C)T: Caveat
Verification Issues

"lnfarmat opcn-cddcd educational and informative meeling on FM{T)T
Convenad by Permanent Mission of the Netherlands to the Conierence on
Disarmament, 25 Seplember 2002

Subject has many controversial aspects
Obijeclives, scope and ireaty provisions
are for CD to decide

~ Different positions proposed over time,
many in conflict

intention 1o look al alernatives without
recommendations

» 1AEA safeguards seen as one reference
to view possible FM(C)T arrangements

Thomas E. Shea, PhD
International Atomic Energy Agency

ln 1993- the UN Generai v k

» Agreed by the CD}ion the_bas;s of1093:"

:ssues 'of ihe treaty s scope an

mater;ai for..,nuc!ea weapons or : :
vermcanon inthe Ad Hoc Commzttee

other nuc!eaz‘ expiosnve de\nces

Scope Options

The term “FM{C)T” is used in this
presentation as a range of views L . )

exists on whether the treaty might Fissile / Fissionable Material
be limited to a “production cut-off”’,
a broader “acquisition control” or a
general purpose “fissile material”
treaty
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The energy released by fissioning 1 kg of 2350 |
is approximately equalio 17,000; 080 kgs of TNT|
{17 kilo tonnes, or 17 kT) ‘ :

) nestras
» fisndinn
g8 produg
/ fentoon
D _k 3
Jestran \
tarpel
nucfeus fissinn
Ppraduct

&} neniron

Fusion reactions do not release as much energy per |
reaction as'fission, but because the materials are

}
!
very light, fusing 1 kg of D+T yields almost five times gl
the yield from fissioning 1 kg of plutonium or 2354, ;

Irittnn g,i i Hottum
Sl \"n, /

Dewterinm w Y ; REUEDY

\m.

* Induced fission cross section: indicates
likelihood that if struck by a neutron, will
fission

» Number of neutrons per fission

* Compressibility

= Spontaneocus fission

Radiation: heat from a emissions, y-rays

Metallurgy

.

v angl Usamsurn:

spRown, Pa i

RS
C o IMRLren.anefgy (V)

{ Fissile Material %

v" Plutonium {less than 80% 238Pu)

v" Uranium {enriched to at least 20% 2354}

v 233} {intense high energy gamma rays)

¥ Neptunium {2¥Np is fissionable, not fissile)

*  Americium {Heat, gamma rays)

*  Protactinium (amount)

*  Curium & Californium {intense spontansous
fission neutrons}

Fissile Material ~ A general definition

« For the purposes of the Treaty, any
nuclear material with fission properties
suitabie for use in an explosive nuclear,
as determined by the Conference of
States Parties

=>When negotiating the Treaty, specific
fissile materials could be defined as
subject to the ?reaty, with
stra:ghtfarward provisions for change,
as may arise
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Use of Fissile Material in-
Nuclear Weapons

The first nuc!ear weapons. “Lithla Bey" on: the ieft isa gun-
type weapon using 235U, {t was dropped on Hiroshima, with-
no'testing before hand. “FatMan" on'the right, is'a plutonium
implosion.weap heexplosive yield of each was on the.
orderof 15 KTai 0 T e ) :

;Gun-type eapons re

and are larger than 1mpiosion,v VP! _,:wéépon _

A madern thermonicioar..

Thls WB? thennonitiear wartoad I | mMK! sontinaial
misehs. Pazked intng mutisle indagen: ﬁ 9'?: {fryvamia
VERY, ﬂtnmtt uw)gnzpmaam:ammnﬁsska sl s targe.

uraaa.mmmmm

Plutonium Prociuction

Pu does not exist in nature; it is
produced through nuclear
transmutation.

Plutonium is produced by nuclear transmutation, when a’
neutron is absorbed by 291, The half-life.of 29py is 24,400 yrs..

Neutron capture

231} Beta decay, Ty, = 23.5 min

#39Np Beta decay, Ty, = 2,35 days
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Plutonium Production

« Obtain uranium ore and process to fuel form
= Produce fuel

» Irradiate in nuclear reactor

= Transport to reprocessing plant

« Chopl/dissolve fuel cladding

« Separate fission products

+ Separate and purify plutonium

+« Convert to metal i

Waorld War Hl era reprocessing plant for
utonium extraction and purification

ot

A2 kg plutohium metal button
ade” ptuz’qnium; ﬁ}e ragdioactivity 0
plistenium gan be handled with sppropriats protes

Production of
High Enriched Uranium (HEU) -

Uranium is found in mineral ores and in. -

water. As found in nature, the
-l o 3 percentage of the 235U isotope is 0.71%.
%;‘;km.;o§,,a,,.¢¢.,,ng ok R . T ot e st o e The 235U content of uranium is “enriched”
to high levels for use in nuclear weapons.

P}
averaest raacters, S9pAniig he hghiaval wasta from ursrwien & ghtoroume Te smsiler bieck Suidng an the
Rp% is the winbcalion yisrd for by waste
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'HEU for Nuclear Weapons

« Obtain uranium ore

« Process to enrichment feed form (UF; In
most cases)

« Enrich 25U to desired level {up to 93%

used in nuclear weapons)

Convert HEU to metal

‘Uranium Enrichment
- Technologies

Gaseous Diffusion

Centrifuge

Electro-magnetic {Calutron)
Aerodynamic (South African & Becker)
Chemical Exchange

Atomic Vapor Laser Enrichment
Molecular Laser Enrichment

Plasma Enrichment

B

s

: oolmg tower :
“foreground that provide over. 3000 MWe powe

Gaseous Ditfusion Wranium Enrichment Process

Naturat Uranigim
781 RSy

[ Enrishag Wiaghom

£ Bapisted Lirankars
% (T-Hz;
f o LITHY

e
Foroue Msmbrdne

Uranium enrichment based on isotopic mass differences
requires thousands of stages / machines. Shown are

gaseous centrifuges.
Piutonium isotopic enrichment has been demonstrated, but.

is not cormmon,

‘Other Issues:

» Should exports /imports be controlled?

« if submarine reactor spent fuelis
reprocessed should the HEU recovered be
considered 1o be production?

« if fresh fuels intentionatly contain high
ievels of fission products to inhibit
diversion and theft, how should such
materials be treated?
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’ .Present Situation

5 NPT States possess nuclear weapons -
China, France, Russia, UK, US. 2 other States
have tested - India, Pakistan. 1 other State
possesses fissile material not subject 1o IAEA
safeguards — Israel

Cuba announced it would sign NPT and ratity
Tlateloleco. All States with nuclear activities
other the 8 above will be subject to compre-
hensive IAEA safeguards, including a ban on
production of fissile material for use in
nuclear weapons or other nuclear explosives

States Party to a comprehens:ve
IAEA Safeguards Agreement are,
in effect, already sab;ect to.a ban
on production of fissile matena! ‘
forusein nuclear weapans or
: other nuclear explossves

Versf:cat;on ander IAEA Safeguardsez

~Aiming to detect:”

+ Diversion of significant quantities of
nuclear material from declared fiows /
inventories

« Misuse of declared facilities or certain
eguipment for unreported production of
fissile material

« Clandestine production / processing of
fissile materials in undeclared facilities

Ver:ﬁcat:on underiEAEA Safeguards
e Gufdeimes

* Detection amounts chosen to prevent
production of the first nuciear weapon

+ Detection timeliness geared to “abrupt” &
“protracted” diversion strategies

» Detection probabilities geared to strategic
value of material

2001 IAEA Safeguards Costs

« Safeguards Staff: 618
» Regular budget expenditure: $70M

» Extra-budgetary program expenditure:
$20M
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LJAEA Sateguards implementation }g
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'Environmental Sampling

¢ + Baseline samples
% collected in all
enrichment facilities
and hot celis

» IAEA Clean Lab

* Environmental
Sampie Labs in IAEA
Member States and
Euratom

Couectmg environmental samplgs..The detection capability;
18 gutticient to find:and analyze particles .contalning onithe
order of 0. 000606000950001 grams of nuclear.materia

Approved by |AEA Board of
Governors: 72

Signed: &7

in Force: 28
{As of 23 September 2002)

FM(C)T Verification

FM(C)T verzficat:on effectlveness &
~ costs depend upon:

« The SCOpPeE of the Treaty
» The amounts of fissile material that are
important 1o detect {treaty violation)

+ The maximum acceptable time interval between
a violation and its detection

= The degree of certainty desired
» The number of facilities, their operational
status and locations
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Approaches vary widely in the
international community

Within the Eight
States:

* Focus restricted to
FM / related facilities

* Focus makes treaty

negotiable

Effective within

limited scope

+ Lower cost

= Protects sensitive
information

Outside the Eight:

» Wide Scope: similar to
comprehensive IAEA
safeguards

= Effective {compare with

non-nuclear weapon
States)

» Broad scope = [east

diseriminatory

My understanding of the views of
the Russian Federation

» FM Definition:

- P > 85% 28py

— HEU: > 50% 5y
+ Subject to verification:
~ enrichment plants

— reprocessing plants,
separated Pu

—relevant production

No verification:

~Former military
and dual-use
facilities

~Fuel production
facilities for naval
propulsion

the United

My understanding of the views of

Kingdom

FM Definition:

- Unirradiated Pu < 80%
2sspu

- Unirradiated U > 20% or
more 235 or 234

~ Neptunium, Americium
Subject to verification:

~ Al enrichment facHities
~ Reprocessing facilities
-~ Until material no longer
meets FM definition

-~ Decommissioned / closed
tacilities

Not subject to
werification:

~ Existing civil and
military stocks

~ Spent fust (before
reprocessing}

My understanding of the views of
o oodapan . - .
Not subject to verification

- Existing Stocks
Possible option:

* Declare fissile material
[ facilities at EIF,
excluding FM for
nuclear weapons ...

» Material / faclities not
verified, but provide
basis for future
verification.

Subject to verification:
-~ Civil processes and
facilities that invoive
FM untit the material no
longer meets the FM
Definition

- Navai fuel production
{using 2 “special
verification regime”

My understanding of the views of
the South Africa

Covered:

» All peaceful faciiities

containing FM (e.q.
earichment, reprocessing, MOX fust
fabrication, HEU downgrading)

» Former FM production
facilities

» Material declared
excess to defense needs,
using & “special verification regime”
for sensitive characteristics

» Facilities producing
HEU for naval resctors

Not covered:

= FM in existing
weapons and reserves
« Weapon fabrication,
storage and dismantiling
facilities

» Fuel fabrication and
reprocessing facilities
for naval reactors

» No mention of civit
stocks, undeclared
production

Basic Questions

* The treaty could require each Party not to
produce, import {7} or otherwise acquire (7)
fissite material for use in nuclear weapons ...

= Would it also affect supply? For example,
would each Party to the Treaty be prohibited
from transferring to any recipient
whatsoever fissile materialfor ... ?

* What about facilities, equipment or material
for production?
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Elements of FM(c)T Verification Verification under an FM(C)T
-- a wide range of views exist

« Access to INFORMATION
+ Access for INSPECTIONS Former Military Production Facilities
- Capability for ANALYSIS

- Responsibility for EVALUATION

. Authority to RESOLVE ANOMALIES

. provisions for presenting verification findings
1o a designated body

. Conditions for bringing SUSPICIONS to the
UN SECURITY COUNCIL

Peaceful Nuclear Facilities and Stocks
Clandestine Production Facilities

Non-Explosive Military Applications

=
B

Excess Military Stocks

Verification under.an EM(C)T:

Verification under an FM(C)T: ;
' i "Peacefgi"?bjpc!é’arFac@ifitié@;'and¢’8’€b¢ks;;' - :

Former Military Production Facilities

Civil Reprocessing Plants
Existing Pu Stocks (?)

Enrichment Plants

HEU Stocks (?)

Conversion / fuel fabrication plants
Reactors fusled with fissile material
Other reactors

Hot celis

Waste conditioning plants & geological
repositories (7)

» HEU Enrichment Plants
« Plutonium Reprocessing Plants
+ Plutonium Production Reactors {7}

=»1f shut down, monitoring simple and
inexpensive. If in operation, costs and
complexities increase, especiaity if
sensitive operations / materials near by.

L] - . * L] » L] . *

Verification under an FM(C)T: D
Verification under an FM(C)T: Non-Explosive Military Applications
Clandestine Production »Faciiﬁties ‘

WTransparency on submarines (?) J

» Undeclared Facilities "
3. Verification of working inventory and

« Infrastructure — i.e., R&D, production
- L. scrap {?7)
capability similarto that covered under
INFCIRC/540 2. Transparency measures for naval reactor

fuel fabrication (managed access) (?)

i,‘t. Stocks for Naval Reactor and Space Power
| _reactor manutfacturing (?)
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Verification under an FM(C)T:
Alternatives for Excess Military Stockt

5. Proportional declaration of excess
stocks

E_._Veriﬁcation of excess stocks; and J

3. Voluntary submission of excess stocks
with classified characteristics; and

2. Voluntary submission of excess military
stocks in unclassified form; and

ﬁ‘ No provisions, or

Stocks

Fissiie material produced through peaceful

nuctear activities

Fissile material declared as excess 1o the

defence requirements of a Slate

Strategic reserves of fissile material

maintained for military applications

« Working stocks of fissile material in military
programs

» Fissile materials in deployed and stockpiled

weapons and naval reactors

What types of inspections would-
; be included? «

« Routine, ad hoc inspections (declared
activities)

« Complementary and managed access
{unreported operations of clandestine
tacilities)

- Special inspections (suspicions arising from
inspections or access)

» As in CTBT & CWC: challenge-type
Inspections?

Verification Methods,
Applications and.Costs: -+
Examples:

Verification Methods |
for Declared Facilities under FM(C)T |

» Design information verification

» Material accountancy
Containment/surveiliance

Envirenmental sampling {(Note Security
Concern}

» Remote monitoring

» Open-source & other info, satellite imagery

.

-

i Declared Reprocessing Plants:
| Operational Categories

5. Full reprocessing operations -- may
require continuous inspection

presence
4, Non-reprocessing operations

3. Operational standby

2. Under decommissioning
o 1. Decommissioned or abandoned
| snsanens §
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Approximate Verification Costs
for Reprocessing Plants.

Pinnl Number Equipment Totai inspection
Categary of Plants Costs: Alf. Iospection Cust Per
PlantsiCat,  Saye/Year Yeoar
bl L] o g 360,000
2 12 $280,000 58 380,000
3 2 $2,400,006 40 280,000
L 32 3,000,000 368 2,600,000
3 13 15,060,000 6560 47,200,000
TOTALS a7 25,000,000 02 58,004,000

‘Note that these estimates areintended to be indicative; the
_actual amounts depend upona host of factors, - 1h 08

Questions for Verification of
Reprocessing Plants

+ Where would inspections begin? At the
spent fuel storage pond? The Head-
End? The Pu separation process?

« Would inspections follow the uranium
stream?

+ Would wastes be subject to inspection?
» The analytical iaboratory?

Ohe way to’ keep the costs; down
Unaﬁended & Remote. Mamtormg

Status & State-of-Health

. information reported by mspectec& State

» information from Technical Cooperation

+ Information provided by other States

* Open source information

« Satellite imagery

* information collected by inspectors

» Environmental sampling (Security Concern)

= Inspector access (including managed access)

{ Undeclared Pu production might be accomplished by

i

secretly inserting natural uranium inthe core of a
nuclear reactor subject to inspections.

Commercial satellite imagery is used mutme)y InTAEA
Sateguards — especially in preparation for complementary
ageess visits,
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Gption 2 was explored
_junder Yrilateral mitluiive.
Fintting: Any form of
Hsalic materiai can be
veritisd whheuy divuiging

Would excess military fissile

material stocks be included in

the FM{(C}T? H so, when and
how?

Esasinn 6 mutiesy.
pEm e s iReas

from Defence Prcgrammes o B

1. Voluntary submittal of unclassified excess
material blocks possible re-use

Systoms b
2. Verification of clagsified fissile material
allows early submitial of much larger

Duia
Barier
Tiwashol iw“‘”g
¢
amounts (Trilateral Initiative)_ _ _ _ _

3, Additional atiributes could aliow verification Information Barriers _devemped under the ‘Frsiazerai
of weapon-heritage -Initiative allow ‘attribUte verification™ | -
” . measurements o' be carried out on. nuclear
4. Use of seals / perimeter monitoring could warhead components without divu!gmg sensttwe
allow verification of dismantiement i o ' mformazson. ;

Cetector

Verification Challenges J

Military security associated with nuciear
o weapon programs and naval reactor
Verification Challenges programs {whether or not excess

military stocks covered)
Dual-use Facilities

New uranium enrichment plants, high
density, zero emissions

* Work demand and ramping-up — what
comes first, second, ...

* Convergence — what, when and how?

(Depend on Scope of Treaty)

»
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Given recent developments;
could the FM(C)T contribute to -
preventing nuclear terrorism?

Prevention of Nuclear Terrorism
under the FM{C)T:

» First line of defence: fissile material
protection, control and accounting (MPC&A)
- apply strict international standards

* Encourage adherence to the Convention on
the Physical Protection of Nuclear Material

» Engage all FM{C)T States in common
framework to enhance safety and security of
fissile materials

The FM(C)T and Nuclear
Terrorism:

» The FM(C)T could set requirements for
standardized laws or regulations
governing ownership, access and use of
fissile materials and associated
facilities.

Guiding Future Peaceful
Applications of Nuclear Energy

* Proliferation resistance and physical
protection principles for nuclear energy
systems

» Balancing production and use: management
of accumulations of fissile material stocks

* Transparency measures, e.g., “prudent and
legitimate” reviews of plans for nuclear
facilities

%A nuclear power plant in Japan with four reactors ©
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IAEA “INPRO” PROGRAM

« Invites IAEA Member States to joinin
development of innovative reactors,
including proliferation-resistance
features

Future Generation IV Nuclear
Energy Systems will employ
plutonium recycle

* Gas-Cooled Fast Reactor

« Molten Salt Reactor

* Sodium Cooled Reactor

* Lead Alloy-Cooled Reactor System
* Supercritical Water- Cooled Reactor
» Very High Temperature Reactor

FM(C)T: Veification by anew -
Organization or hy‘tbéfiAEA? -

Potential conflicts / overlaps with
- 1AEA safeguards would need to:
. be identified and. managed

+ Responsibilities of FM{C)T Parties to IAEA
under existing obligations

= Duplicate inspections with different
methods and criteria

» Financing
The resulting regime could have a “Hybrid”
character

»

FM(C)T: Verification by IAEA -

if IAEA asked to develop verification system,
Treaty itself could be short: a few pages of
basic principles

Verification could foliow an IAEA model
agreement, which could be approved by CD
before the FM{C)T is concluded

Extensive use of existing IAEA provisions
would facilitate negetiation, minimize
discriminatory status

Implementation sooner, less gxpensive

FM(C)T / IAEA Agreements for full-
scope safeguards States

» Require INFCIRC/153 comprehensive

safeguards + full INFCIRC/540 protocol

» Additional requirements? FM{C)T Protocol ?

» Challenge Inspections {If for the other
States?)

v'Other fissile materials

v Proliferation resistance / physical
protection

v Conferance of States Parties
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Option 1: FM(C)T / IAEA Agreements for|
the (8) States having fissile material
not subject to IAEA safeguards

« Fuli proyisions of INFCIRC/153 + 540, plus

« FM{C)T Protocol reguirements: As for full-
scope safeguards States, plus

+ provisions for suspended implementation of
some of the 153/540 provisions on materials
7 facilities subject to national security;

» provisions for phasing out suspensions

Option 2: FM(C)T / 1AEA Agreements for
the (8) States having fissile material
not subject to IAEA safeguards

« New verification agreement adopting
relevant provisions of INFCIRCH 53 + 540,
plus

« FM(C)T Protocol requirements: As for
full-scope safeguards States

" FM(C)T: Option 1: Verification by -

 New Organization (NotIAEA).

« A discriminatory regime could be created
vis & vis NNWS

« Arrangement could undermine NPT
safeguards system

« Could lead to duplicate inspections in
facilities subject to IAEA safeguards in
eight States (also in NNWS?)

» Expensive: new organization requires
infrastructure, support

. Extended, complex CD negotiation

Verification Costs. -

Costs: Depend on:

« decisions to be made by CD and

« infarmation to be provided by States on
facilities that would be subject to inspection

« future status of facilities and ramping up
pricrities

Figure about the same as for JAEA safeguards
in non-nuclear weapon States — on the order
of $100M per year

The idea of an FM(C)T is old.
Could negotiations begin now?

-

| Could contemporary events make it
possible to complete the FM(C)T?

» Most of the eight States have apparently
stopped and the others might soon be ready
to stop production of fissile materials

« Russia and the United States already have a
bilateral “Plutonium Production Reactor
Agreement” which stops Pu production in the
two States andincludes reciprocal
inspections
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Contemporary events ...

+ (3B Giobal Partnership against the spread of
weapons and materials of mass destruction

« Cuba announced it will sign NPT and ratify
Tiatelolco. It will accept a comprehensive
IAEA safeguards agreement, leaving only
China, France, india, Israel, Pakistan, Russia,
the United Kingdom and the United States
with unsafeguarded fissile material

« Progress towards G8 financing of Russian
disposition of nuctear weapon plutonium

Contemporary events ...

» The Trilateral Initiative conclusion: concepts
and technologies developed could allow for
JAEA verification of any form of weapon-
origin fissile material without divulging
sensitive information

Progress io strengthen and extend the
Convention on the Physical Protection of
Nuclear Material

‘Contemporary events ...

» Global warming and increasing reliance
on nuclear power, including
“nrojiferation-resistance and physical
protection” features comprising
technical, institutional and verification
measures

» Generation IV International R&D on six
advanced nuclear energy systems, with
Pu

“The FM(C)T could:" -

» Be a significant step towards nuclear
disarmament, faciiitating further steps

« Prevent future nuclear arms race and
encourage progress towards disarmament

» Reinforce NNWS commitments, preserve
integrity/durabitity of non-proliferation
regime

» Rationalize nuclear commoerce

= Reduce risks of proliferation & nuclear
terrorism
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Shea has taken an active role in IAEA activities related to proliferation-resistant reactors, in both
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He retired from the IAEA at the end of January 2002, and since then has been a consultant to the
US Department of Energy Pacific Northwest National Laboratory, working as an expert in the
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