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FOREWORD
IAEA safeguards have evolved since their inception in the late 1960s. In 1980
the IAEA published the first IAEA Safeguards Glossary (IAEA/SG/INF/1) with the
aim of facilitating understanding of the specialized safeguards terminology within the
international community. In 1987 the IAEA published a revised edition of the
Glossary (IAEA/SG/INF/1 (Rev.1)) which took into account developments in the
safeguards area as well as comments received since the first edition appeared.
Since 1987, IAEA safeguards have become more effective and efficient, mainly
through the series of strengthening measures approved by the IAEA Board of
Governors during 1992–1997, the Board’s approval, in 1997, of the Model Protocol
Additional to the Agreement(s) between State(s) and the International Atomic Energy
Agency for the Application of Safeguards (issued as INFCIRC/540 (Corrected)), and
the work, begun in 1999, directed towards the development and implementation of
integrated safeguards. The IAEA Safeguards Glossary 2001 Edition reflects these
developments.
Each of the 13 sections of the Glossary addresses a specific subject related to
IAEA safeguards. To facilitate understanding, definitions and, where applicable,
explanations have been given for each of the terms listed. The terms defined and
explained intentionally have not been arranged in alphabetical order, but their
sequence within each section corresponds to the internal relationships of the subject
treated. The terms are numbered consecutively within each section and an index
referring to these numbers has been provided for ease of reference. The terms used
have been translated into the official languages of the IAEA, as well as into German
and Japanese.
The IAEA Safeguards Glossary 2001 Edition has no legal status and is not
intended to serve as a basis for adjudicating on problems of definition such as might
arise during the negotiation or in the interpretation of safeguards agreements or
additional protocols.
The IAEA Safeguards Glossary 2001 Edition appears as a publication in the
International Nuclear Verification Series. Other publications appearing in this series
are as follows:
IAEA/NVS/1
IAEA/NVS/2

Safeguards Techniques and Equipment (1997)
The Evolution of IAEA Safeguards (1998).

NOTE ON THE IAEA DOCUMENTS REFERRED TO
IN THE GLOSSARY
[ST]

Statute of the International Atomic Energy Agency, 1956.

[9]

INFCIRC/9/Rev. 2. Agreement on the Privileges and Immunities of
the IAEA, 1967.

[39]

GC(V)/INF/39. The Agency’s Inspectorate, 1961.

[66]

INFCIRC/66/Rev. 2. The Agency’s Safeguards System (1965, as
Provisionally Extended in 1966 and 1968), 1968.

[140]

INFCIRC/140. Treaty on the Non-Proliferation of Nuclear Weapons,
1970.

[153]

INFCIRC/153 (Corrected). The Structure and Content of Agreements
between the Agency and States Required in Connection with the
Treaty on the Non-Proliferation of Nuclear Weapons, 1972.

[179]

GOV/INF/179. The Treaty for the Prohibition of Nuclear Weapons in
Latin America and the Caribbean, 1967 (Tlatelolco Treaty).

[207]

INFCIRC/207. Notification to the Agency of Exports and Imports of
Nuclear Material (USSR, UK, USA), 1974.

[209]

INFCIRC/209/Rev. 2. Communications of 15 November 1999
Received from Member States Regarding the Export of Nuclear
Material and of Certain Categories of Equipment and Other Material,
2000.

[225]

INFCIRC/225/Rev. 4 (Corrected). The Physical Protection of Nuclear
Material and Nuclear Facilities, 1999.

[254]

INFCIRC/254/Rev. 4/Part 1. Communications Received from Certain
Member States Regarding Guidelines for the Export of Nuclear
Material, Equipment and Technology, 2000; INFCIRC/254/Rev. 4/Part
2. Communications Received from Certain Member States Regarding
Guidelines for Transfers of Nuclear-Related Dual-Use Equipment,
Materials, Software and Related Technology, 2000.

[267]

INFCIRC/267. The Revised Guiding Principles and General Operating
Rules to Govern the Provision of Technical Assistance by the Agency,
1979.

[274]

INFCIRC/274/Rev. 1. Convention on the Physical Protection of
Nuclear Material, 1980.

[322]

INFCIRC/322. Communication Received from the Resident
Representative of Italy on Behalf of the European Community, 1985.

[331]

INFCIRC/331/Add. 1. South Pacific Nuclear Free Zone Treaty, 1987
(Rarotonga Treaty).

[395]

INFCIRC/395. Agreement between the Republic of Argentina and the
Federative Republic of Brazil for the Exclusively Peaceful Use of
Nuclear Energy, 1992 (Guadalajara Declaration).

[411]

INFCIRC/411. Amendments to the Treaty for the Prohibition of
Nuclear Weapons in Latin America, 1993.

[512]

INFCIRC/512. The Text of the Cairo Declaration Adopted on the
Occasion of the Signing of the African Nuclear-Weapon-Free Zone
Treaty, 1996 (Treaty of Pelindaba).

[540]

INFCIRC/540 (Corrected). Model Protocol Additional to the
Agreement(s) between State(s) and the International Atomic Energy
Agency for the Application of Safeguards, 1997.

[548]

INFCIRC/548. Communication Received from the Permanent Mission
of Thailand Regarding the Treaty on the Southeast Asia Nuclear
Weapon-Free Zone, 1998 (Treaty of Bangkok).

[549]

INFCIRC/549. Communication Received from Certain Member States
Concerning Their Policies Regarding the Management of Plutonium,
1998.

[SCT]

IAEA/SG/SCT/5. Statistical Concepts and Techniques for IAEA
Safeguards, Fifth Edition, 1998.

[STR-327] International Target Values 2000 for Measurement Uncertainties in
Safeguarding Nuclear Material, 2000, Safeguards Technical Report.
[IAEA/NVS/1]

Safeguards Techniques and Equipment, 1997.

[IAEA/NVS/2]

The Evolution of IAEA Safeguards, 1998.
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1. LEGAL INSTRUMENTS AND OTHER DOCUMENTS RELATED TO
IAEA SAFEGUARDS
Safeguards applied by the International Atomic Energy Agency (IAEA) are an important element of
the global nuclear non-proliferation regime. This section provides information on legal instruments
and other documents in the area of nuclear non-proliferation that establish the bases of the IAEA
safeguards system or are otherwise closely linked to the application of IAEA safeguards. These
include the Statute of the IAEA, treaties and supply agreements calling for the verification of nonproliferation undertakings, the basic safeguards documents, safeguards agreements and their
relevant protocols, and guidelines related to the implementation of IAEA safeguards.
1.1. Statute of the International Atomic Energy Agency
The Statute of the IAEA [ST] was approved in October 1956 by the United Nations Conference on
the Statute of the IAEA and entered into force in July 1957, as amended. According to Article II, the
IAEA shall “seek to accelerate and enlarge the contribution of atomic energy to peace, health and
prosperity throughout the world. It shall ensure, so far as it is able, that assistance provided by it or at
its request or under its supervision or control is not used in such a way as to further any military
purpose.” By Article III.A.5, the IAEA is authorized to “establish and administer safeguards designed
to ensure that special fissionable and other materials, services, equipment, facilities, and information
made available by the Agency or at its request or under its supervision or control are not used in such
a way as to further any military purpose; and to apply safeguards, at the request of the parties, to any
bilateral or multilateral arrangement, or at the request of a State, to any of that State’s activities in the
field of atomic energy”. Under this Article, the IAEA concludes agreements with the State or States
concerned which refer to the application of safeguards. Articles XII.A and XII.B deal with the rights
and responsibilities of the IAEA with respect to the application of safeguards and provide, inter alia,
for IAEA inspection in the State or States concerned. Article XII.C refers to actions which may be
taken by the IAEA in possible cases of non-compliance with safeguards agreements.
TREATIES AND SUPPLY AGREEMENTS
1.2. Treaty on the Non-Proliferation of Nuclear Weapons (Non-Proliferation Treaty, NPT)
The cornerstone of the nuclear non-proliferation regime. The Treaty was opened for signature in
1968, and entered into force in 1970; as of 31 December 2001, it is in force in 187 States. In 1995,
the Treaty was extended indefinitely. Pursuant to Article I, each nuclear weapon State party to the
NPT undertakes not to transfer, to any recipient whatsoever, nuclear weapons or other nuclear
explosive devices or control over such weapons or devices directly or indirectly; and not in any way
to assist, encourage or induce any non-nuclear-weapon State to manufacture or otherwise acquire
such weapons or devices or control over such weapons or devices.
Pursuant to Article II, each non-nuclear-weapon State party to the NPT undertakes not to receive the
transfer, from any transferor whatsoever, of nuclear weapons or other nuclear explosive devices or
control over such weapons or devices directly or indirectly; not to manufacture or otherwise acquire
such weapons or devices; and not to seek or receive any assistance in the manufacture of such
weapons or devices. Pursuant to Article III.1, each non-nuclear-weapon State party to the NPT
undertakes to accept IAEA safeguards on all source or special fissionable material in all peaceful
nuclear activities within the territory of such State, under its jurisdiction, or carried out under its
control anywhere. Pursuant to Article III.2, each State party to the NPT undertakes not to provide
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source or special fissionable material, or equipment or material especially designed or prepared for
the processing, use or production of special fissionable material, to any non-nuclear-weapon State for
peaceful purposes, unless the source or special fissionable material is subject to the safeguards
required by Article III.1. Article III.4 requires each non-nuclear-weapon State party to the NPT to
conclude a safeguards agreement with the IAEA, either individually or together with other States,
within 18 months of the date on which the State deposits its instruments of ratification of or accession
to the Treaty. Article IV affirms the right of all parties to the NPT to develop research, production
and use of nuclear energy for peaceful purposes and to facilitate and participate in the fullest possible
exchange of equipment, materials and information for the peaceful uses of nuclear energy.
Pursuant to Article VI, each of the parties undertakes to pursue negotiations in good faith on effective
measures relating to cessation of the nuclear arms race at an early date and to nuclear disarmament,
and on a treaty on general and complete disarmament under strict and effective international control.
Article IX.3 defines a nuclear weapon State as one which manufactured and exploded a nuclear
weapon or other nuclear explosive device prior to 1 January 1967. There are five such States: China,
France, the Russian Federation (the Soviet Union when the Treaty entered into force), the United
Kingdom and the United States of America. The text of the Treaty is reproduced in [140].
1.3. Treaty for the Prohibition of Nuclear Weapons in Latin America and the Caribbean
(Tlatelolco Treaty)
The Treaty establishing the first regional nuclear-weapon-free zone (NWFZ). The Treaty was opened
for signature in 1967 and entered into force in 1969; as of 31 December 2001, it is in force in 38
States in this zone. The Treaty prohibits the testing, use, manufacture, production or acquisition by
any means, as well as the receipt, storage, installation, deployment and any form of possession, of
any nuclear weapons by States in the zone. Pursuant to Article 13 of the Treaty, each party
undertakes to conclude a multilateral or a bilateral agreement with the IAEA for the application of
safeguards to its nuclear activities. The Treaty has two protocols. Pursuant to Additional Protocol I,
each State outside the Treaty zone which has de jure or de facto jurisdiction over territories within the
limits of the zone undertakes to apply to those territories the statute of denuclearization, as
established by the Treaty. As of 31 December 2001, this Protocol has been ratified by 32 States.
Pursuant to Additional Protocol II, each of the nuclear weapon States defined by the NPT undertakes
to respect the statute of denuclearization in the region and not to use or threaten to use nuclear
weapons against the Contracting Parties to the Treaty. As of 31 December 2001, this Protocol has
been ratified by China, France, the Russian Federation, the United Kingdom and the United States of
America. The text of the Tlatelolco Treaty is reproduced in [179], with amendments published in
[411].
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1.4. South Pacific Nuclear Free Zone Treaty (Rarotonga Treaty)
The Treaty establishing a nuclear-weapon-free zone (NWFZ) in the South Pacific region. The Treaty
entered into force in 1986; as of 31 December 2001, it is in force in 16 States of this zone. The Treaty
requires its parties to renounce the manufacture, acquisition, possession or control of any nuclear
explosive devices, and to prevent the stationing or testing of any such devices. Each State party to the
Treaty undertakes to conclude a comprehensive safeguards agreement with the IAEA required in
connection with the NPT, or an agreement equivalent in its scope and effect; and not to provide
source or special fissionable material, or equipment or material especially designed or prepared for
the processing, use or production of special fissionable material for peaceful purposes to any nonnuclear-weapon State unless subject to the safeguards required by Article III.1 of the NPT, or to any
nuclear weapon State unless subject to applicable safeguards agreements with the IAEA. The
Rarotonga Treaty has three protocols. Protocols 1 and 2 contain provisions similar to those in the two
protocols to the Tlatelolco Treaty. Protocol 3 to the Rarotonga Treaty requires each nuclear weapon
State party not to test any nuclear explosive device in the region. The text of the Treaty is reproduced
in [331].
1.5. Treaty on the Southeast Asia Nuclear Weapon-Free Zone (Bangkok Treaty)
The Treaty establishing a nuclear-weapon-free zone (NWFZ) in the Southeast Asia region. The
Treaty was opened for signature in 1995, and entered into force in 1997; as of 31 December 2001, it
is in force in nine States of the zone. The Treaty requires its parties not to develop, manufacture,
acquire, possess, control, station, transport, test or use nuclear weapons anywhere, and not to allow in
their respective territories any other State to develop, acquire, possess, control, station, test or use
such weapons. Each State party to the Treaty undertakes to conclude an agreement with the IAEA for
the application of ‘full scope’ (comprehensive) safeguards to its peaceful nuclear activities, and not to
provide source or special fissionable material, or equipment or material especially designed or
prepared for the processing, use or production of special fissionable material, to any non-nuclearweapon State except under conditions subject to the safeguards required by Article III.1 of the NPT,
or to any nuclear weapon State except in conformity with applicable safeguards agreements with the
IAEA. An Annex to the Bangkok Treaty provides for fact finding missions to States party in order to
clarify and resolve a situation which may be considered ambiguous or which may give rise to doubts
about compliance with the provisions of the Treaty; the Annex contemplates the involvement of
IAEA inspectors in any such mission. A protocol to the Treaty contains provisions similar to those in
Additional Protocol II to the Tlatelolco Treaty. The text of the Bangkok Treaty is reproduced in
[548].
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1.6. African Nuclear-Weapon-Free Zone Treaty (Pelindaba Treaty)
The Treaty establishing a nuclear-weapon-free zone (NWFZ) in Africa. The Treaty was opened for
signature in 1996; as of 31 December 2001, it is in force in 13 States. The Treaty requires its parties
not to conduct research on, develop, manufacture, stockpile, acquire, possess or have control of any
nuclear explosive device anywhere, and to prohibit the stationing or testing of any such device. Each
State party to the Treaty is required to declare any capability for the manufacture of nuclear explosive
devices; to dismantle and destroy any such device that it has manufactured prior to the coming into
force of the Treaty; and to destroy or convert to peaceful uses the manufacturing facilities, subject to
the IAEA’s verification of the dismantling, destruction or conversion. Each State party to the Treaty
undertakes to conclude a comprehensive safeguards agreement with the IAEA required in connection
with the NPT or equivalent in scope and effect to such an agreement; and not to provide source or
special fissionable material, or equipment or material especially designed or prepared for the
processing, use or production of special fissionable material for peaceful purposes to any nonnuclear-weapon State unless subject to a comprehensive safeguards agreement with the IAEA. There
are three protocols to the Pelindaba Treaty: Protocols I and III contain provisions similar to those in
the two protocols to the Tlatelolco Treaty; and Protocol II contains provisions similar to those in
Protocol 3 of the Rarotonga Treaty. The text of the Pelindaba Treaty is reproduced in [512].
1.7. Agreement between the Republic of Argentina and the Federative Republic of Brazil for
the Exclusively Peaceful Use of Nuclear Energy (Guadalajara Declaration)
The Agreement by which both States party undertake to prohibit and prevent in their territories and to
abstain from carrying out, promoting or participating in, the testing, use, manufacture or acquisition
of any nuclear weapon or other nuclear explosive device; and to establish the Common System of
Accounting and Control of Nuclear Materials and the Brazilian–Argentine Agency for Accounting
and Control of Nuclear Materials (ABACC) to verify, inter alia, that the nuclear materials in all
nuclear activities of the parties are not diverted to the purposes prohibited by the Agreement. The
Agreement entered into force in 1991; it is reproduced in [395].
1.8. Treaty Establishing the European Atomic Energy Community (Euratom Treaty)
The Treaty entered into force in January 1958. The States party are: Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden
and the United Kingdom. In accordance with Article 77 of Chapter VII of the Treaty, the European
Commission will satisfy itself that, in the territories of Member States: (a) ores, source materials and
special fissile materials are not diverted from their intended uses as declared by the users; and (b) the
provisions relating to supply and any particular safeguarding obligations assumed by the Community
under an agreement concluded with a third State or an international organization are complied with.
1.9. Bilateral co-operation agreement
An agreement providing for co-operation in the field of peaceful uses of nuclear energy which is
usually concluded between a supplier State and a receiver State and which covers conditions for the
supply of nuclear and other specified material, equipment and technology. Such an agreement may
contain undertakings not to use the supplied items so as to further any military purpose or not to use
them for nuclear weapons, other military purposes or other nuclear explosive devices. The agreement
may also contain undertakings of the receiver State to submit to IAEA safeguards a range of
facilities, equipment and nuclear and other material, as identified in each individual case.
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1.10. Project and supply agreement
Article III.A.5 of [ST] contemplates the application of IAEA safeguards to assistance provided by or
through the IAEA. A project and supply agreement with a State that has a comprehensive safeguards
agreement (CSA) generally provides that the safeguards requirements of the project and supply
agreement shall be met by the application of safeguards pursuant to the safeguards agreement. A
project and supply agreement with a State that does not have a CSA contains a safeguards annex that
provides for the application of safeguards based on [66].
1.11. Revised supplementary agreement relevant to safeguards
An agreement requiring that, where technical assistance is provided by or through the IAEA in any of
the sensitive technological areas specified in the Annex to [267], safeguards shall be applied pursuant
to an existing applicable safeguards agreement with the IAEA, or, if there is no such agreement,
pursuant to a safeguards agreement to be concluded before the provision of the technical assistance. If
the State concerned has a comprehensive safeguards agreement, this requirement is considered to be
met. Otherwise a safeguards agreement based on [66] must be concluded (except in the unlikely event
that an INFCIRC/66-type safeguards agreement is applicable).
BASIC SAFEGUARDS DOCUMENTS
1.12. The Agency’s Inspectorate
The document [39, Annex], referred to in INFCIRC/66-type safeguards agreements as the Inspectors’
Document, which was adopted by the IAEA Board of Governors in 1961. It is used only in
connection with INFCIRC/66-type safeguards agreements and addresses aspects of inspection
activities, including the procedure by which inspectors are to be designated to Member States; the
method of announcing and carrying out inspections and visits; the conduct of inspections, rights of
access, inspection procedures and the obligation to report to the State on the results of each
inspection; and the privileges and immunities of inspectors. The provisions of this document acquire
legally binding force only when and to the extent they are incorporated, by reference or otherwise,
into safeguards agreements. The document in itself does not constitute an agreement.

1.13. The Agency’s Safeguards System (1965, as Provisionally Extended in 1966 and 1968)
The document [66], also known as the Safeguards Document, which was designed to facilitate and
standardize as far as possible the content of safeguards agreements with the IAEA. The document,
approved by the IAEA Board of Governors initially in 1965, covered reactors of all sizes, thereby
replacing earlier corresponding documents that covered only small research and experimental
reactors. It was subsequently extended in 1966 and 1968 to cover reprocessing plants, and conversion
and fuel fabrication plants, respectively. The provisions of this document acquire legally binding
force only when and to the extent they are incorporated, by reference or otherwise, into INFCIRC/66type safeguards agreements.
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1.14. The Structure and Content of Agreements between the Agency and States Required in
Connection with the Treaty on the Non-Proliferation of Nuclear Weapons
The document [153] providing for the application of IAEA safeguards on all nuclear material in all
peaceful nuclear activities in a State, which was approved by the IAEA Board of Governors in 1971.
It serves as the basis for the negotiation of comprehensive safeguards agreements (CSAs) between the
IAEA and non-nuclear-weapon States party to the NPT, as well as for negotiation of other CSAs not
concluded pursuant to the NPT. The document also provides the technical elements of the voluntary
offer agreements which the five nuclear weapon States have concluded with the IAEA.
1.15. Model Protocol Additional to the Agreement(s) between State(s) and the International
Atomic Energy Agency for the Application of Safeguards
The document [540], also known as the Model Additional Protocol, providing for those measures for
strengthening the effectiveness and improving the efficiency of IAEA safeguards which could not be
implemented under the legal authority of safeguards agreements. It was approved by the IAEA Board
of Governors in 1997. The IAEA uses the Model Additional Protocol for negotiation and conclusion
of additional protocols and other legally binding agreements as follows:
(a)
(b)

(c)

With States and other parties to comprehensive safeguards agreements, containing all of the
measures provided for in this document as the standard;
With nuclear weapon States, incorporating those measures from this document that each such
State has identified as capable of contributing to the non-proliferation and efficiency aims of
the Model Additional Protocol when implemented with regard to that State, and as consistent
with that State’s obligations under Article I of the NPT;
With other States that are prepared to accept measures provided for in this document in
pursuance of safeguards effectiveness and efficiency objectives.

1.16. Agreement on the Privileges and Immunities of the IAEA
The Agreement between the IAEA and Member States granting, inter alia, certain privileges and
immunities to the IAEA, representatives of Member States and IAEA officials, including safeguards
inspectors, as necessary for the effective exercise of their functions. The Agreement also provides for
the recognition and acceptance of the United Nations laissez-passer issued to IAEA officials as a
valid travel document. Safeguards agreements concluded with States that are not IAEA Members
States or which are not party to the Agreement provide for the granting to inspectors of the same
privileges and immunities as those specified in the Agreement. The Agreement is reproduced in [9].
SAFEGUARDS AGREEMENTS, ADDITIONAL PROTOCOLS
THERETO AND UNDERTAKINGS RELATED TO
SAFEGUARDS IMPLEMENTATION
1.17. Safeguards agreement
An agreement for the application of safeguards concluded between the IAEA and a State or a group
of States, and, in certain cases, with a regional or bilateral inspectorate, such as Euratom and
ABACC. Such an agreement is concluded either because of the requirements of a project and supply
agreement, or to satisfy the relevant requirements of bilateral or multilateral arrangements, or at the
request of a State to any of that State’s nuclear activities. Specific types of safeguards agreements are
defined (see Nos 1.18–1.21).
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1.18. INFCIRC/153-type safeguards agreement
An agreement concluded on the basis of [153]. Such agreements include all types of comprehensive
safeguards agreement (see No. 1.19) and voluntary offer agreement (see No. 1.21).
1.19. Comprehensive safeguards agreement (CSA)
An agreement that applies safeguards on all nuclear material in all nuclear activities in a State. CSAs
can be grouped as follows:
(a)

(b)

(c)

A safeguards agreement pursuant to the NPT, concluded between the IAEA and a non-nuclearweapon State party as required by Article III.1 of the NPT. Such a safeguards agreement is
concluded on the basis of [153]. The agreement is comprehensive as it provides for the
IAEA’s right and obligation to ensure that safeguards are applied “on all source or special
fissionable material in all peaceful nuclear activities within the territory of the State, under its
jurisdiction, or carried out under its control anywhere…” [153, para. 2]. The scope of a CSA is
not limited to nuclear material actually declared by a State, but includes any nuclear material
that should have been declared to the IAEA. There may be non-peaceful uses of nuclear
material which would not be proscribed under the NPT and to which safeguards would not
apply during the period of such use (e.g. nuclear propulsion of submarines or other warships).
A safeguards agreement pursuant to the Tlatelolco Treaty or some other nuclear-weapon-freezone (NWFZ) treaty. The majority of States party to such treaties are also party to the NPT
and each has concluded a single safeguards agreement which refers expressly to both the NPT
and the relevant NWFZ treaty or which has subsequently been confirmed as meeting the
requirements of both treaties.
A safeguards agreement, such as the sui generis agreement between Albania and the IAEA, and
the quadripartite safeguards agreement between Argentina, Brazil, ABACC and the IAEA.

1.20. INFCIRC/66-type safeguards agreement
An agreement based on guidelines contained in [66]. The agreement specifies the nuclear material,
non-nuclear material (e.g. heavy water, zirconium tubes), facilities and/or equipment to be
safeguarded, and prohibits the use of the specified items in such a way as to further any military
purpose. Since 1975, such agreements also explicitly proscribe any use related to the manufacture of
any other nuclear explosive device. INFCIRC/66-type safeguards agreements can be grouped as
follows:
(a)

(b)

(c)

An agreement concluded pursuant to a project and supply agreement between the IAEA and a
State that does not have a comprehensive safeguards agreement (CSA), providing for the
supply by or through the IAEA of nuclear material, services, equipment, facilities and
information to the State and, in that connection, for the application of IAEA safeguards.
A safeguards agreement between the IAEA and one or more States, providing for the
application of safeguards to nuclear material, services, equipment or facilities supplied under a
co-operation arrangement between States, or, having been subject to such safeguards,
retransferred to States without CSAs. Some bilateral co-operation agreements concluded
before IAEA safeguards were operational provided for safeguards to be applied by the
supplier State; the parties to those agreements later requested the IAEA to apply its safeguards
instead. A safeguards agreement transferring the safeguards responsibility to the IAEA came
to be known as a safeguards transfer agreement (STA).
A unilateral submission agreement between the IAEA and a State, concluded at the request of
that State, for the application of safeguards to some of the State’s activities in the field of
nuclear energy.
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1.21. Voluntary offer agreement (VOA)
An agreement concluded between the IAEA and a nuclear weapon State which, under the NPT, is not
required to accept safeguards but which has voluntarily offered to do so, inter alia, to allay concerns
that the application of IAEA safeguards could lead to commercial disadvantages for the nuclear
industries of non-nuclear-weapon States. Under such an agreement, a State offers, for selection by the
IAEA for the application of safeguards, some or all of the nuclear material and/or facilities in its
nuclear fuel cycle. A VOA generally follows the format of [153], but the scope is not comprehensive.
The IAEA has concluded such a VOA with each of the five nuclear weapon States defined by the
NPT (i.e. China, France, the Russian Federation (the Soviet Union when the NPT entered into force),
the United Kingdom and the United States of America).
1.22. Additional protocol
A protocol additional to a safeguards agreement (or agreements) concluded between the IAEA and a
State, or group of States, following the provisions of the Model Additional Protocol [540] (see No.
1.15). A comprehensive safeguards agreement, together with an additional protocol, contains all of
the measures included in [540]. In the case of an INFCIRC/66-type safeguards agreement or of a
voluntary offer agreement, an additional protocol includes only those measures from [540] that have
been agreed to by the State concerned. Under Article 1 of [540], the provisions of the additional
protocol prevail in the case of conflict between the provisions of the safeguards agreement and those
of the additional protocol.
1.23. Small quantities protocol (SQP)
A protocol to a comprehensive safeguards agreement (CSA) concluded between the IAEA and a State
on the basis that the State has less than specified minimal quantities of nuclear material and no
nuclear material in a facility. This protocol holds in abeyance the implementation of most of the
detailed provisions of Part II of the CSA until such time as the quantity of nuclear material in the
State exceeds the prescribed limits or the State has nuclear material in a facility as defined in [153].
1.24. Suspension protocol
A protocol to a safeguards agreement with a State (or States), which suspends the application of
safeguards under that agreement in the State (or States) concerned while, and to the extent that, IAEA
safeguards are being applied under a later safeguards agreement (or agreements). Examples are
protocols to suspend the application of safeguards under project and supply agreements or under
safeguards transfer agreements in States where comprehensive safeguards agreements have come into
force.
1.25. Co-operation protocol
A protocol amplifying the provisions of a comprehensive safeguards agreement between the IAEA
and a State, or a group of States, and specifying the modalities of the co-operation in the application
of safeguards (e.g. arrangements to co-ordinate inspection activities of the IAEA and of the regional
(or the State) system of accounting for and control of nuclear material). Such co-operation protocols
have been incorporated into the agreements for the application of safeguards in the non-nuclearweapon States of Euratom, in Argentina and Brazil, and in Japan.
1.26. Subsidiary Arrangements
The document containing the technical and administrative procedures for specifying how the
provisions laid down in a safeguards agreement are to be applied. Under an INFCIRC/153-type
safeguards agreement, the State party and the IAEA are required to agree on Subsidiary
Arrangements. Under an additional protocol to a safeguards agreement (or agreements), if either the
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State or the IAEA indicates that Subsidiary Arrangements are necessary, then both parties are
required to agree on such Arrangements. Subsidiary Arrangements to safeguards agreements consist
of a General Part, applicable to all common nuclear activities of the State concerned, and of a Facility
Attachment, prepared for each facility in the State and describing arrangements specific for that
facility. In cases where several facilities are located in the same building and/or share a common store
or stores (e.g. for multiunit reactor facilities), one facility attachment may cover the whole facility
group. Subsidiary Arrangements may also consist of an attachment for a location (or group of
locations) outside facilities in the State that are defined as one material balance area.
1.27. Voluntary reporting scheme on nuclear material and specified equipment and nonnuclear material
The scheme established in 1993 for the voluntary reporting by States of nuclear material not
otherwise required to be reported to the IAEA under safeguards agreements, and of exports and
imports of specified equipment and non-nuclear material (see No. 12.13). States choosing to
participate in the scheme do so through an exchange of letters with the IAEA. The list of the specified
equipment and non-nuclear material, to be used for the purpose of the voluntary reporting scheme, is
incorporated in [540, Annex II].
GUIDELINES AND RECOMMENDATIONS
1.28. Zangger Committee Export Guidelines
The Guidelines agreed upon by a group of States party to the NPT in order to clarify States’
commitments under Article III.2 of the Treaty in relation to exports, for peaceful purposes, to nonnuclear-weapon States, of nuclear material and equipment or material especially designed or prepared
for the processing, use or production of special fissionable material. The Guidelines were first
developed during a series of meetings in 1971 under the chairmanship of
Dr. Claude Zangger of Switzerland, and are contained in communications which have been received
by the IAEA since 1974 from participating States. The Guidelines consist of a ‘trigger list’ that
includes source and special fissionable material and specified equipment and material especially
designed or prepared for the processing, use or production of special fissionable material, whose
export requires IAEA safeguards on the source or special fissionable material in question. The
Zangger Committee, as it became known, is not a committee of the IAEA. The Guidelines are
published in [209].
1.29. Nuclear Suppliers’ Group Guidelines
The Guidelines contained in communications received by the IAEA since 1978 from States taking
part in the Nuclear Suppliers’ Group (NSG). The Guidelines deal with export policies and practices
of NSG States with respect to transfers, for peaceful purposes, to non-nuclear-weapon States, of
nuclear material, equipment and technology, and of nuclear related dual use equipment, materials,
software and related technology. (See also No. 5.34.) The Guidelines currently consist of two parts.
(a)

Part 1 contains guidelines for nuclear transfers and incorporates a ‘trigger list’ that includes
source material and special fissionable material, and nuclear reactors and designated types of
nuclear plant (e.g. reprocessing plants), equipment especially designed or prepared for such
plants and related technology. These guidelines require, as conditions of supply, that the
importing State have a comprehensive safeguards agreement in force with the IAEA as well as
physical protection and controls on the retransfer of the items.

(b)

Part 2 contains guidelines for transfers of nuclear related dual use equipment, materials,
software and related technology, and includes a list specifying such dual use items that could
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make a major contribution to a nuclear explosive device or an unsafeguarded nuclear fuel
cycle activity. The basic principle agreed by the adhering States is that they should not
authorize transfers of the dual use items “for use in a non-nuclear-weapon State in a nuclear
explosive activity or an unsafeguarded fuel cycle activity, or…in general when there is an
unacceptable risk of diversion to such an activity…”. The Guidelines also stipulate that
suppliers, in considering transfers of dual use items, should take into account, inter alia,
whether the recipient State “has an Agency safeguards agreement in force applicable to all its
peaceful nuclear activities”.
The NSG Guidelines are published in [254, Parts 1 and 2]. In addition, a communication from the
European Community on a common policy in connection with the Guidelines, received by the IAEA
in 1985, is reproduced in [322].
1.30. Guidelines for the Management of Plutonium
Guidelines contained in communications received by the IAEA in 1997 from certain Member States
regarding policies adopted by these States, with a view to ensuring that holdings of plutonium are
managed safely and effectively in accordance with international commitments, including their
obligations under the NPT (and, for States that are members of the European Community, also under
the Euratom Treaty), and with their safeguards agreements with the IAEA. The Guidelines describe,
inter alia, the nuclear material accountancy system, physical protection measures and international
transfer procedures applicable to the plutonium subject to the Guidelines. They further specify the
information to be published by the participating States in respect of plutonium management,
including annual statements of their holdings of civil unirradiated plutonium and of their estimates of
plutonium contained in spent civil reactor fuel. The Guidelines are published in [549].
1.31. Physical protection recommendations
IAEA recommendations for the physical protection of nuclear material and nuclear facilities, revised
and published in 1999 and reproduced in [225]. The Convention on the Physical Protection of
Nuclear Material, for which the IAEA is depository, establishes international standards, inter alia, for
the protection of international shipments of nuclear material and promotes international co-operation
in the exchange of physical protection information. The Convention entered into force in 1987; the
text is reproduced in [274].
Note: Physical protection comprises those measures that the States themselves apply to prevent or
deter the theft of nuclear material during use, storage and transport, and to preclude the
sabotage of nuclear facilities by subnational entities.
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2. IAEA SAFEGUARDS: PURPOSE, OBJECTIVES
AND SCOPE
Safeguards are applied by the IAEA to verify that commitments made by States under safeguards
agreements with the IAEA are fulfilled. It is therefore necessary to define the objectives of safeguards
in technical terms relevant to each type of safeguards agreement so that safeguards can be applied in
an effective manner. What follows is an explanation of terms used in connection with safeguards
objectives and with the scope of application of safeguards relevant to the safeguards agreement and
additional protocols.
2.1. Objectives of IAEA safeguards
Under a comprehensive safeguards agreement (CSA), safeguards are applied to verify a State’s
compliance with its undertaking to accept safeguards on all nuclear material in all its peaceful nuclear
activities and to verify that such material is not diverted to nuclear weapons or other nuclear
explosive devices. In this regard, the technical objective is specified: “the timely detection of
diversion of significant quantities of nuclear material from peaceful nuclear activities to the
manufacture of nuclear weapons or of other nuclear explosive devices or for purposes unknown, and
deterrence of such diversion by the risk of early detection” [153, para. 28]. To address fully the
verification of a State’s compliance with its undertaking under a CSA, a second technical objective is
pursued, viz. the detection of undeclared nuclear material and activities in a State (see No. 2.5). The
implementation of measures under additional protocols based on [540] significantly strengthens the
IAEA’s capability to achieve this objective (see No. 3.6).
For an INFCIRC/66-type safeguards agreement, the objective is to ensure that the nuclear material,
non-nuclear material, services, equipment, facilities and information specified and placed under
safeguards are not used for the manufacture of nuclear weapons or any other nuclear explosive
devices or to further any military purpose. To achieve this, the IAEA applies essentially the same
technical objective in regard to detection of diversion of the nuclear material specified and placed
under safeguards, as well as the detection of any misuse of the non-nuclear material, services,
equipment, facilities or information specified and placed under safeguards. This is also the case for
the nuclear material and/or facilities to which safeguards are applied under a voluntary offer
safeguards agreement concluded between a nuclear weapon State and the IAEA.
2.2. Non-compliance
Violation by a State of its safeguards agreement with the IAEA. Examples would be:
(a)

(b)

(c)
(d)

Under an INFCIRC/153-type safeguards agreement, the diversion of nuclear material from
declared nuclear activities, or the failure to declare nuclear material required to be placed
under safeguards;
Under an INFCIRC/66-type safeguards agreement, the diversion of the nuclear material or the
misuse of the non-nuclear material, services, equipment, facilities or information specified and
placed under safeguards;
Under an additional protocol based on [540], the failure to declare nuclear material, nuclear
activities or nuclear related activities required to be declared under Article 2;
Under all types of agreement, violation of the agreed recording and reporting system,
obstruction of the activities of IAEA inspectors, interference with the operation of safeguards
equipment, or prevention of the IAEA from carrying out its verification activities.

11

In the event of non-compliance, pursuant to Article XII.C of [ST], the IAEA Director General shall
report to the IAEA Board of Governors, which would call upon the recipient State or States to
remedy forthwith any non-compliance which it finds to have occurred, and would inform all
members and the Security Council and General Assembly of the United Nations.
2.3. Diversion of nuclear material
A particular case of non-compliance (see No. 2.2) that would include:
(a)

(b)

Under an INFCIRC/153-type safeguards agreement, the undeclared removal of declared
nuclear material from a safeguarded facility; or the use of a safeguarded facility for the
introduction, production or processing of undeclared nuclear material, e.g. the undeclared
production of high enriched uranium in an enrichment plant, or the undeclared production of
plutonium in a reactor through irradiation and subsequent removal of undeclared uranium
targets;
Under an INFCIRC/66-type safeguards agreement, the use of the nuclear material specified and
placed under safeguards in such a way as to further any military purpose.

2.4. Misuse
A particular case of non-compliance under an INFCIRC/66-type safeguards agreement (see No. 2.2)
that would include the use of the non-nuclear material, services, equipment, facilities or information
specified and placed under safeguards to further any proscribed purpose.
2.5. Undeclared nuclear material and activities
The term ‘undeclared nuclear material’ refers to nuclear material which a State has not declared and
placed under safeguards but is required to do so pursuant to its safeguards agreement with the IAEA.
For a State that has an additional protocol in force, undeclared nuclear material also covers nuclear
material which that State has not declared but is required to do so pursuant to Article 2 of [540]. The
term ‘undeclared activities’ refers to nuclear or nuclear related activities which a State has not
declared to the IAEA but is required to do so pursuant to its safeguards agreement or, where
applicable, its additional protocol. Examples would include activities involving undeclared facilities
or locations outside facilities (see No. 2.6), or the undeclared manufacture of items referred to in
Annex 1 of [540].
2.6. Undeclared facility or location outside facilities (LOF)
A nuclear facility or a LOF, including closed-down facilities or LOFs and facilities under
construction, about which a State has the obligation to notify the IAEA in accordance with its
safeguards agreement and for which no such notification has been given.
2.7. Deterrence of diversion
An objective of the application of IAEA safeguards (see No. 2.1). If a State is considering the
acquisition of nuclear material for a nuclear explosive device, then IAEA safeguards may be expected
to have a significant deterrent effect through the provision of the risk of early detection. Thus,
although essentially non-quantifiable, the level of deterrence may be expected to be higher the greater
the IAEA’s detection capabilities and the more the State wishes to proceed undetected.
Note: Deterrence by the risk of early detection resulting from IAEA safeguards should not be
confused with the deterrence against theft or sabotage that is provided by the physical
protection of nuclear material and facilities at the national level (see No. 1.31).
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2.8. Assurance of non-diversion of nuclear material
Assurance that nuclear material placed under safeguards has remained in peaceful nuclear activities
or has been otherwise adequately accounted for. Safeguards under all types of agreement are
designed to provide the international community with credible assurance of non-diversion of nuclear
material from declared activities. To this end, the IAEA conducts and evaluates verification activities
on nuclear material placed under safeguards (see No. 12.20) and reports the results in the safeguards
conclusion on non-diversion, drawn annually for each State with a safeguards agreement in force (see
Nos 12.25 and 13.10).
2.9. Assurance of the absence of undeclared nuclear material and activities
Assurance that a State with a comprehensive safeguards agreement (CSA) and an additional protocol
in force does not possess undeclared nuclear material and activities (see No. 2.5). In addition to
providing assurance of non-diversion of nuclear material from declared activities (see No. 2.8),
safeguards implemented under a CSA with an additional protocol in force are designed to provide the
international community with credible assurance of the absence of undeclared nuclear material and
activities in a State. To this end, the IAEA conducts a comprehensive State evaluation, including the
evaluation of all information available on a State’s nuclear programme and related activities, and
carries out activities under the additional protocol (see No. 12.20). Where such evaluation and
verification activities allow the IAEA to draw a conclusion of the absence of undeclared nuclear
material and activities, and where a conclusion of non-diversion of nuclear material has also been
drawn, this is reflected in the safeguards conclusion, drawn annually for a State with both a CSA and
an additional protocol in force, that all of the nuclear material in that State had been placed under
safeguards and remained in peaceful nuclear activities or was otherwise adequately accounted for
(see Nos 12.25 and 13.10).
SCOPE OF IAEA SAFEGUARDS
2.10. Coverage of IAEA safeguards
The scope of application defined by the relevant safeguards agreement. Under a comprehensive
safeguards agreement (CSA), safeguards are applied on “all source or special fissionable material in
all peaceful nuclear activities within the territory of the State, under its jurisdiction or carried out
under its control anywhere…” [153, para. 2]. Thus such agreements are considered comprehensive
(or ‘full scope’). The scope of a CSA is not limited to the nuclear material declared by a State, but
includes all nuclear material subject to IAEA safeguards. Under an INFCIRC/66-type agreement,
safeguards are applied only to the items specified in the agreement, which may include nuclear
material, non-nuclear material, services, equipment, facilities and information. Under a voluntary
offer agreement with a nuclear weapon State, safeguards are applied to the nuclear material and/or
facilities specified in the agreement.
2.11. Starting point of IAEA safeguards
The expression often used to refer to the point in a nuclear fuel cycle from which full safeguards
requirements specified in comprehensive safeguards agreements start to apply to nuclear material.
Under para. 34(c) of [153], the application of full safeguards requirements specified in the agreement
begins when any nuclear material of a composition and purity suitable for fuel fabrication or for
being isotopically enriched leaves the plant or the process stage in which it has been produced, or
when such nuclear material, or any other nuclear material produced at a later stage in the nuclear fuel
cycle, is imported into a State. However, under paras 34(a) and 34(b) of [153], when the State exports
to a non-nuclear-weapon State, or imports, any material containing uranium or thorium which has not
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reached the stage of the nuclear fuel cycle described in para. 34(c) of [153], the State is required to
report such exports and imports to the IAEA, unless the material is transferred for specifically nonnuclear purposes. Furthermore, under Article 2.a.(vi) of [540], the State is required to provide the
IAEA with information on source material which has not reached the composition and purity
described in [153, para. 34(c)]. That information is to be provided both on such material present in
the State, whether in nuclear or non-nuclear use, and on exports and imports of such material for
specifically non-nuclear purposes.
2.12. Termination of IAEA safeguards
Safeguards in a given State normally continue on nuclear material (and subsequent generations of
nuclear material produced therefrom) until the material is transferred to another State which has
assumed the responsibility therefor, or until the material has been consumed or has been diluted in
such a way that it is no longer usable for any nuclear activity relevant from the point of view of
safeguards, or has become practicably irrecoverable. Under paras 13 and 35 of [153] and para. 27 of
[66], safeguards may be terminated for material transferred to non-nuclear use, such as the production
of alloys or ceramics. Paragraph 26 of [66] provides that termination is also possible in the case of the
substitution of material not under safeguards for safeguarded material. Under Article 2.a.(viii) of
[540], the State is to provide the IAEA with information regarding the location or further processing
of intermediate or high level waste containing plutonium, high enriched uranium or 233U on which
safeguards have been terminated. (See also No. 6.25.)
2.13. Exemption from IAEA safeguards
Under para. 37 of [153] and para. 21 of [66], a State may request exemption for nuclear material up to
certain specified limits. Under para. 36 of [153], a State may also request exemption for nuclear
material related to the intended use (e.g. in gram quantities as a sensing component in instruments; in
non-nuclear activities, if the material is recoverable; or of plutonium with an isotopic concentration of
238
Pu exceeding 80%). Paragraphs 22 and 23 of [66] also provide for exemptions related to reactors.
Under para. 38 of [153], if exempted nuclear material is to be processed or stored together with
safeguarded material, reapplication of safeguards on the exempted material is required. Under Article
2.a.(vii(a)) of [540], the State is to provide the IAEA with information on the nuclear material that
has been exempted from safeguards under paras 36(b) or 37 of [153]. (See also No. 6.24.)
2.14. Non-application of IAEA safeguards
Refers to the use of nuclear material in a non-proscribed military activity which does not require the
application of IAEA safeguards. Nuclear material covered by a comprehensive safeguards agreement
may be withdrawn from IAEA safeguards should the State decide to use it for such purposes, e.g. for
the propulsion of naval vessels. Paragraph 14 of [153] specifies the arrangements to be made between
the State and the IAEA with respect to the period and circumstances during which safeguards will not
be applied. Any such arrangement would be submitted to the IAEA Board of Governors for prior
approval.
2.15. Suspension of IAEA safeguards
Under INFCIRC/66-type agreements, this may be agreed upon between a State and the IAEA for
limited periods and for limited quantities of nuclear material while the material is transferred for the
purpose of processing, reprocessing, testing, research or development [66, para. 24]. Under para. 25
of [66], safeguards on nuclear material in irradiated fuel which is transferred for reprocessing may be
suspended if the State, with the agreement of the IAEA, has substituted therefor nuclear material
otherwise not subject to safeguards.
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2.16. Substitution
A provision available under paras 25 and 26 of [66] to achieve suspension or termination of IAEA
safeguards on specific quantities of nuclear material by submitting to safeguards nuclear material not
otherwise subject to safeguards, in an amount and of a quality at least equal to those of the material
on which safeguards are being suspended or terminated. Substitution is not available under
comprehensive safeguards agreements because all nuclear material in all peaceful nuclear activities in
the State is subject to safeguards.

15

3. SAFEGUARDS APPROACHES, CONCEPTS
AND MEASURES
Approaches to safeguards implementation are designed to allow the IAEA to meet the applicable
safeguards objectives. What follows is an explanation of the basic concepts underlying the
development and application of safeguards approaches at the level of the facility and the State, and
the measures available to the IAEA under safeguards agreements and under additional protocols.
3.1. Safeguards approach
A set of safeguards measures (see No. 3.6) chosen for the implementation of safeguards in a given
situation in order to meet the applicable safeguards objectives (see No. 2.1). The safeguards approach
takes into account the specific features of the safeguards agreement (or agreements) and, where
applicable, whether the IAEA has drawn a conclusion of the absence of undeclared nuclear material
and activities in the State (see No. 12.25). Safeguards approaches are developed for each facility
under safeguards (see No. 3.3). In addition, safeguards approaches may be developed for generic
facility types (see No. 3.2) and, mainly under integrated safeguards (see No. 3.5), for the State as a
whole (see No. 3.4).
3.2. Model (generic) facility safeguards approach
The recommended approach for a particular facility type developed for a postulated reference plant.
The approach specifies the IAEA inspection goals (see No. 3.22) and safeguards activities for that
reference plant, taking into account relevant diversion assumptions; available safeguards measures
(see No. 3.6), including the technical capabilities of those measures; facility design information (see
No. 3.28) and facility practices (see No. 3.27); the capabilities of the State system of accounting for
and control of nuclear material (SSAC) (see No. 3.33); and the IAEA’s experience in safeguards
implementation. Model safeguards approaches are developed for most of the common facility types.
3.3. Facility safeguards approach
The approach selected for safeguards implementation at a specific facility, developed by adapting the
model approach (where such exists) to account for actual conditions at the facility as compared with
the reference plant. The provisions for implementing the facility safeguards approach are
incorporated in the Subsidiary Arrangements (see No. 1.26).
3.4. State level safeguards approach
A safeguards approach (see No. 3.1) developed for a specific State, encompassing all nuclear
material, nuclear installations and nuclear fuel cycle related activities in that State. A State level
safeguards approach defines the application of safeguards measures at each facility and location
outside facilities in the State and, where an additional protocol is in force, the safeguards measures
(see No. 3.6) that would enable the IAEA to draw and maintain a conclusion of the absence of
undeclared nuclear material and activities in that State (see No. 12.25).
3.5. Integrated safeguards
The optimum combination of all safeguards measures available to the IAEA under comprehensive
safeguards agreements and additional protocols (see No. 3.6) to achieve maximum effectiveness and
efficiency in meeting the IAEA’s safeguards obligations within available resources. Integrated
safeguards are implemented in a State only when the IAEA has drawn a conclusion of the absence of
undeclared nuclear material and activities in that State (see No. 12.25). Under integrated safeguards,
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measures may be applied at reduced levels at certain facilities, compared with the measures that
would have been applied without this conclusion.
3.6. Safeguards measures
Methods available to the IAEA under safeguards agreements and additional protocols based on [540]
to achieve the applicable safeguards objectives (see No. 2.1). Paragraph 29 of [153] provides for the
use of nuclear material accountancy as the safeguards measure of fundamental importance (see No.
6.1), with containment and surveillance as important complementary measures (see No. 8.6). These
measures are applied for verifying that nuclear material inventories and flows are as declared by the
State (and, under INFCIRC/66-type safeguards agreements, that non-nuclear material, services,
equipment, facilities and information specified and placed under safeguards are not being used to
further any proscribed purpose). Additional measures aimed at strengthening the effectiveness and
improving the efficiency of safeguards were approved by the IAEA Board of Governors during
1992–1997. From a legal perspective, these measures may be categorized as follows: (a) measures
that can be implemented under the existing legal authority of safeguards agreements (e.g.
environmental sampling at locations to which IAEA inspectors have access during inspections and
visits (see Nos 9.1 and 11.14)); and (b) measures that can only be implemented under the legal
authority of additional protocols (e.g. complementary access (see No. 11.25)).
3.7. Diversion strategy (diversion path)
A (hypothetical) scheme which a State could consider to divert nuclear material (see No. 2.3) or to
misuse items subject to IAEA safeguards (see No. 2.4). Diversion strategies are postulated for
purposes of developing safeguards approaches (see No. 3.1). Diversion strategies would include: the
undeclared removal of nuclear material from a safeguarded facility or the use of a safeguarded
facility for the introduction, production or processing of undeclared nuclear material (e.g. the
undeclared production of high enriched uranium in an enrichment plant, or the undeclared production
of plutonium in a reactor through irradiation and subsequent removal of undeclared uranium targets).
In developing safeguards approaches, the IAEA assumes that a diversion strategy would include one
or more concealment methods (see No. 3.9).
3.8. Acquisition strategy (acquisition path)
A (hypothetical) scheme which a State could consider to acquire nuclear material usable for
manufacturing a nuclear explosive device. An acquisition strategy could include a diversion strategy
(see No. 3.7) and could involve the use of an undeclared facility (see No. 2.6) or undeclared nuclear
material (see No. 2.5). Acquisition strategies are postulated for purposes of developing State level
safeguards approaches (see No. 3.4).
3.9. Concealment methods
Actions taken within a given diversion strategy (see No. 3.7) or a given acquisition strategy (see No.
3.8) to reduce the probability of detection by IAEA safeguards activities. Such actions may begin
before the removal of material and may be continued over a considerable time. Examples would
include:
- Tampering with IAEA containment and surveillance measures (see No. 8.6) or with nuclear
material accounting activities (see No. 6.2);
- Falsifying records, reports and other documents by overstating decreases to inventory (e.g.
shipments, measured discards) or by understating increases to inventory (e.g. receipts or
production) (see No. 6.14), or by presenting false facility operational data;
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- For bulk handling facilities, diversion into MUF (material unaccounted for), diversion into
SRD (shipper/receiver difference) or diversion into D (operator–inspector difference) (see Nos
10.4, 10.5 and 10.6, respectively);
- Borrowing nuclear material from other facilities in the State to replace the diverted nuclear
material for the duration of an IAEA inspection;
- Replacing diverted nuclear material or other missing items with material or items of lower
strategic value (e.g. dummy fuel assemblies or elements);
- Creating obstacles to access by IAEA inspectors so as to reduce the possibility of their
detecting a diversion of nuclear material.
3.10. Diversion rate
The amount of nuclear material which could be diverted in a given unit of time. If the amount
diverted is 1 SQ or more (see No. 3.14) of nuclear material in a short time (i.e. within a period that is
less than the material balance period (see No. 6.47)), it is referred to as an ‘abrupt’ diversion. If the
diversion of 1 SQ or more occurs gradually over a material balance period, with only small amounts
removed at any one time, it is referred to as a ‘protracted’ diversion.
3.11. Diversion path analysis
The analysis of all possible diversion paths or diversion strategies for nuclear material at a facility
(see No. 3.7). A diversion path analysis may be part of the development of a model safeguards
approach for a common facility type (see No. 3.2), and may also be carried out for a specific facility.
The purpose of a diversion path analysis is to determine whether a proposed set of safeguards
measures (see No. 3.6) would provide sufficient detection capability with respect to a specific
diversion path or diversion strategy.
3.12. Acquisition path analysis
The analysis of all plausible acquisition paths or acquisition strategies for a State (see No. 3.8) to
acquire nuclear material usable for the manufacture of a nuclear explosive device. An acquisition
path analysis may be part of the development of a State level safeguards approach (see No. 3.4). The
purpose of an acquisition path analysis is to determine whether a proposed set of safeguards measures
(see No. 3.6) would provide sufficient detection capability with respect to a specific acquisition path
or acquisition strategy.
3.13. Conversion time
The time required to convert different forms of nuclear material to the metallic components of a
nuclear explosive device. Conversion time does not include the time required to transport diverted
material to the conversion facility or to assemble the device, or any subsequent period. The diversion
activity is assumed to be part of a planned sequence of actions chosen to give a high probability of
success in manufacturing one or more nuclear explosive devices with minimal risk of discovery until
at least one such device is manufactured. The conversion time estimates applicable at present under
these assumptions are provided in Table I.
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TABLE I. ESTIMATED MATERIAL CONVERSION TIMES FOR FINISHED PU OR U METAL
COMPONENTS
Beginning material form

Conversion time

Pu, HEU or 233U metal

Order of days (7–10)

PuO2, Pu(NO3)4 or other pure Pu compounds;
HEU or 233U oxide or other pure U compounds;
MOX or other non-irradiated pure mixtures
containing Pu, U (233U + 235U ≥ 20%);
Pu, HEU and/or 233U in scrap or other
miscellaneous impure compounds

Order of weeks (1–3)a

Pu, HEU or 233U in irradiated fuel

Order of months (1–3)

U containing <20% 235U and 233U; Th

Order of months (3–12)

a

This range is not determined by any single factor but the pure Pu and U compounds will tend to be at the lower
end of the range and the mixtures and scrap at the higher end.

TABLE II. SIGNIFICANT QUANTITIES
Material

SQ

Direct use nuclear material
Pua

8 kg Pu

233

8 kg 233U

HEU (235U ≥ 20%)

25 kg 235U

U

Indirect use nuclear material
U (235U < 20%)b

75 kg 235U
(or 10 t natural U
or 20 t depleted U)

Th
a
b

20 t Th
238

For Pu containing less than 80% Pu.
Including low enriched, natural and depleted uranium.

3.14. Significant quantity (SQ)
The approximate amount of nuclear material for which the possibility of manufacturing a nuclear
explosive device cannot be excluded. Significant quantities take into account unavoidable losses due
to conversion and manufacturing processes and should not be confused with critical masses.
Significant quantities are used in establishing the quantity component of the IAEA inspection goal
(see No. 3.23). Significant quantity values currently in use are given in Table II.
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3.15. Detection time
The maximum time that may elapse between diversion of a given amount of nuclear material and
detection of that diversion by IAEA safeguards activities. Where there is no additional protocol in
force or where the IAEA has not drawn a conclusion of the absence of undeclared nuclear material
and activities in a State (see No. 12.25), it is assumed: (a) that all facilities needed to clandestinely
convert the diverted material into components of a nuclear explosive device exist in a State; (b) that
processes have been tested (e.g. by manufacturing dummy components using appropriate surrogate
materials); and (c) that non-nuclear components of the device have been manufactured, assembled
and tested. Under these circumstances, detection time should correspond approximately to estimated
conversion times (see No. 3.13). Longer detection times may be acceptable in a State where the
IAEA has drawn and maintained a conclusion of the absence of undeclared nuclear material and
activities. Detection time is one factor used to establish the timeliness component of the IAEA
inspection goal (see No. 3.24).
3.16. Detection probability
The probability, if diversion of a given amount of nuclear material has occurred, that IAEA
safeguards activities will lead to detection. The detection probability is usually denoted as 1 – β, with
β being the non-detection probability (see No. 10.28). The detection probability for safeguards
activities involving nuclear material accountancy can be quantified, and the accountancy detection
probability 1 – βa is preselected as an input parameter for establishing sampling plans. The values of
1 – βa currently in use are 90% for ‘high’ and 20% for ‘low’ probability levels.
3.17. False alarm probability
The probability, α, that statistical analysis of accountancy verification data would indicate that an
amount of nuclear material is missing when, in fact, no diversion has occurred (see No. 10.27). For
nuclear material accountancy purposes, α (or the associated critical region (see No. 10.32)) is
preselected as one of the input parameters for designing sampling plans and performing statistical
tests. It is usually set at 0.05 or less, in order to minimize the number of discrepancies (see No. 3.25)
or false anomalies (see No. 3.26) that must be investigated.
3.18. Inventory
The amount of nuclear material present at a facility or a location outside facilities (LOF). In the
context of IAEA safeguards, the term ‘inventory’ is defined as the larger of: the maximum (running)
inventory calculated from State reports (see Nos 12.5–12.8); or throughput, which is the estimated
amount of material processed during the material balance period. This inventory is used for
establishing the frequency and intensity of routine inspections for a facility or an LOF (see No.
11.16), as provided for in paras 79 and 80 of [153].
3.19. Annual throughput
“the amount of nuclear material transferred annually out of a facility working at nominal capacity”
[153, para. 99]. Paragraph 84 of [66] defines throughput as “the rate at which nuclear material is
introduced into a facility operating at full capacity”.
3.20. IAEA timeliness detection goal
The target detection times applicable to specific nuclear material categories (see No. 4.24). These
goals are used for establishing the frequency of inspections (see No. 11.16) and safeguards activities
at a facility or a location outside facilities during a calendar year, in order to verify that no abrupt
diversion (see No. 3.10) has occurred. Where there is no additional protocol in force or where the
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IAEA has not drawn and maintained a conclusion of the absence of undeclared nuclear material and
activities in a State (see No. 12.25), the detection goals are as follows:
— One month for unirradiated direct use material,
— Three months for irradiated direct use material,
— One year for indirect use material.
Longer timeliness detection goals may be applied in a State where the IAEA has drawn and
maintained a conclusion of the absence of undeclared nuclear material and activities in that State.
3.21. Safeguards Criteria
As currently defined, the set of nuclear material verification activities considered by the IAEA as
necessary for fulfilling its responsibilities under safeguards agreements. The Criteria are established
for each facility type and location outside facilities (LOF), and specify the scope, the normal
frequency and the extent of the verification activities required to meet the quantity and the timeliness
components of the inspection goal at facilities and LOFs (see Nos 3.23 and 3.24). In addition, the
Criteria specify verification activities to be carried out in a co-ordinated manner across a State. The
Criteria are used both for planning the implementation of verification activities and for evaluating the
results therefrom (see Nos 12.20 and 12.23).
3.22. IAEA inspection goal
Performance targets specified for IAEA verification activities at a given facility as required to
implement the facility safeguards approach (see No. 3.3). The inspection goal for a facility consists of
a quantity component (see No. 3.23) and a timeliness component (see No. 3.24). These components
are regarded as fully attained if all the Safeguards Criteria (see No. 3.21) relevant to the material
types (see No. 4.23) and material categories (see No. 4.24) present at the facility have been satisfied
and all anomalies involving 1 SQ or more of nuclear material have been resolved in a timely manner
(see No. 3.26). (See also Nos 12.23 and 12.25.)
3.23. Quantity component of the IAEA inspection goal
Relates to the scope of the inspection activities at a facility that are necessary for the IAEA to be able
to draw the conclusion that there has been no diversion of 1 SQ or more of nuclear material over a
material balance period and that there has been no undeclared production or separation of direct use
material at the facility over that period.
3.24. Timeliness component of the IAEA inspection goal
Relates to the periodic activities that are necessary for the IAEA to be able to draw the conclusion
that there has been no abrupt diversion (see No. 3.10) of 1 SQ or more at a facility during a calendar
year.
3.25. Discrepancy
An inconsistency found in the facility operator’s records, or between facility records and State reports
(see No. 6.48), or between these records and inspector observations or indications resulting from
containment and surveillance measures (see No. 8.6). Discrepancies that cannot be resolved (i.e.
ascribed to innocent causes or otherwise satisfactorily explained) may lead to the determination that
declared nuclear material is unaccountably missing. A discrepancy involving 1 SQ or more of nuclear
material is classified as a possible anomaly (see No. 3.26).
3.26. Anomaly
An unusual observable condition which might result from diversion of nuclear material (see No. 2.3)
or misuse of safeguarded items (see No. 2.4), or which frustrates or restricts the ability of the IAEA
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to draw the conclusion that diversion or misuse has not occurred (see No. 12.25). Examples of
possible anomalies would be:
— Denial or restriction of IAEA inspector access for inspection (see No. 11.14);
— Unreported safeguards significant changes to facility design or operating conditions (see No.
3.28);
— A discrepancy involving 1 SQ or more of nuclear material (see No. 3.25);
— A significant departure from the agreed recording and reporting system (see No. 6.1);
— Failure of the facility operator to comply with agreed measurement standards or sampling
methods (see No. 6.1);
— (For bulk handling facilities) a negative conclusion resulting from the evaluation of MUF
(material unaccounted for), SRD (shipper/receiver difference) or other statistics (see No. 10.1);
— IAEA seals on equipment detached by non-IAEA staff, lost or showing signs of tampering (see
Nos 8.5 and 8.12);
— Evidence of tampering with IAEA equipment (see No. 8.12).
3.27. Facility practices
A set of “prudent management practices required for the economic and safe performance of nuclear
activities” [153, para. 4(c)] as applied by the facility operator. These practices include features which
are relevant for the implementation of the facility safeguards approach (see No. 3.3), such as material
identification and measurement procedures, record keeping, inventory taking frequencies and
procedures, designation of measurement points and storage arrangements.
3.28. Design information
“information concerning nuclear material subject to safeguards under the agreement and the features
of facilities relevant to safeguarding such material” [153, para. 8]; similarly in [66, para. 32]. Design
information includes the facility description; the form, quantity, location and flow of nuclear material
being used; facility layout and containment features; and procedures for nuclear material accountancy
and control. This information is used by the IAEA, inter alia: to design the facility safeguards
approach (see No. 3.3), to determine material balance areas (see No. 6.4) and select key measurement
points and other strategic points (see No. 6.5), to develop the design information verification plan
(see No. 3.31) and to establish the essential equipment list (see No. 3.32). Design information for
existing facilities should be provided by the State during discussion of the Subsidiary Arrangements
(see No. 1.26); in the case of new facilities, such information is to be provided by the State as early as
possible before nuclear material is introduced into a new facility. Further, the State is to provide
preliminary information on any new nuclear facility as soon as the decision is taken to construct, or to
authorize the construction of, the facility, and to provide further information on the safeguards
relevant features of facility design early in the stages of project definition, preliminary design,
construction and commissioning. Facility design information is to be provided for any safeguards
relevant changes in operating conditions throughout the facility life cycle (see No. 5.29). Under an
INFCIRC/66-type safeguards agreement, the State is to provide design information on principal
nuclear facilities to enable the IAEA to perform the design review at as early a stage as possible [66,
para. 31]. Design information is submitted to the IAEA by the State using the IAEA design
information questionnaire (DIQ).
3.29. Design information examination (DIE)
Activities carried out by the IAEA to determine that the State has provided all relevant descriptive
and technical information needed, inter alia, to design a safeguards approach for a specific facility
(see No. 3.3).
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3.30. Design information verification (DIV)
Activities carried out by the IAEA at a facility to verify the correctness and completeness of the
design information provided by the State (see No. 3.28). An initial DIV is performed on a newly built
facility to confirm that the as-built facility is as declared. A DIV is performed periodically on existing
facilities to confirm the continued validity of the design information and of the safeguards approach.
The IAEA’s authority for performing a DIV is a continuing right throughout all phases of a facility’s
life cycle until the facility has been decommissioned for safeguards purposes (see Nos 5.29 and 5.30).
3.31. Design information verification plan (DIVP)
A document prepared by the IAEA identifying the design information verification activities (see No.
3.30) required for each phase of a facility’s life cycle (see No. 5.29).
3.32. Essential equipment list (EEL)
A list of equipment, systems and structures essential for the declared operation of a facility. The EEL
is facility specific and is established during the design information examination (see No. 3.29); it
identifies those items that may influence the facility’s operational status, function, capabilities and
inventory. The list is maintained and updated as part of the design information verification plan
(DIVP) implementation (see No. 3.31).
3.33. State system of accounting for and control of nuclear material (SSAC)
Organizational arrangements at the national level which may have both a national objective to
account for and control nuclear material in the State and an international objective to provide the
basis for the application of IAEA safeguards under an agreement between the State and the IAEA
(see No. 6.1). Under a comprehensive safeguards agreement, the State is required to establish and
maintain a system of accounting for and control of nuclear material subject to safeguards under the
agreement. The system “shall be based on a structure of material balance areas, and shall make
provision...for the establishment of such measures as:
(a)
(b)
(c)
(d)
(e)
(f)

(g)
(h)

A measurement system for the determination of the quantities of nuclear material received,
produced, shipped, lost or otherwise removed from inventory, and the quantities on inventory;
The evaluation of precision and accuracy of measurements and the estimation of measurement
uncertainty;
Procedures for identifying, reviewing and evaluating differences in shipper/ receiver
measurements;
Procedures for taking a physical inventory;
Procedures for the evaluation of accumulations of unmeasured inventory and unmeasured
losses;
A system of records and reports showing, for each material balance area, the inventory of
nuclear material and the changes in that inventory including receipts into and transfers out of
the material balance area;
Provisions to ensure that the accounting procedures and arrangements are being operated
correctly; and
Procedures for the provisions of reports to the Agency” [153, para. 32].

INFCIRC/66-type safeguards agreements do not explicitly call for States to establish and maintain a
system of accounting for and control of nuclear material, but the fact that [66] calls for agreement
between the IAEA and the State on a “system of records” and a “system of reports” implies the need
for an appropriate organizational arrangement at the State level.
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3.34. Regional system of accounting for and control of nuclear material (RSAC)
Organizational arrangements that are made by a number of States in a region to institute a regional
authority that fulfils for each of the States the functions that otherwise need to be performed by an
SSAC for a single State (see No. 3.33).
3.35. New partnership approach (NPA)
An approach for implementing safeguards in the non-nuclear-weapon States members of Euratom,
agreed between the IAEA and Euratom in 1992. The approach provides for common use of
safeguards equipment, joint scheduling of inspections and special arrangements for inspection work
and data sharing by the two organizations. The NPA enables the IAEA to economize on safeguards
equipment and inspection efforts deployed in the relevant States while maintaining its ability to
perform independent verification.
3.36. Safeguards quality assurance
In the context of IAEA safeguards, a management tool for ensuring a systematic approach to all of
the activities affecting the quality of the safeguards implementation. To this end, the IAEA applies
quality control techniques to, for example, the implementation of containment and surveillance
measures, inspection documentation and safeguards information processing. In addition, quality
audits are used to independently determine that each activity has been satisfactorily performed or that
necessary corrective actions are being taken, and to identify opportunities for continuous
improvement.
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4. NUCLEAR AND NON-NUCLEAR MATERIAL
Nuclear material is necessary for the production of nuclear weapons or other nuclear explosive
devices. Under comprehensive safeguards agreements, the IAEA verifies that all nuclear material
subject to safeguards has been declared and placed under safeguards. Certain non-nuclear materials
are essential for the use or production of nuclear material and may also be subject to IAEA
safeguards under certain agreements.
4.1. Nuclear material
Any source material (see No. 4.4) or special fissionable material (see No. 4.5) as defined in Article
XX of [ST]. See also [153, para. 112], [66, para. 77] and [540, Article 18.h].
4.2. Nuclide
A species of atom characterized by the number of protons (atomic number) and the number of
protons and neutrons together (mass number).
4.3. Isotope
One of two or more atoms of the same element that have the same number of protons in their nucleus
but different numbers of neutrons. Isotopes have the same atomic number but different mass
numbers. Isotopes of an element are denoted by indicating their mass numbers as superscripts to the
element symbol, e.g. 233U or 239Pu, or as numbers following the name or symbol of the element, e.g.
uranium-233 or Pu-239. Some isotopes are unstable to the extent that their decay needs to be
considered for nuclear material accountancy purposes (e.g. 241Pu has a half-life of 14.35 years).
4.4. Source material
“uranium containing the mixture of isotopes occurring in nature; uranium depleted in the isotope 235;
thorium; any of the foregoing in the form of metal, alloy, chemical compound, or concentrate; any
other material containing one or more of the foregoing in such concentration as the Board of
Governors shall from time to time determine; and such other material as the Board of Governors shall
from time to time determine” [ST, Article XX.3]. According to para. 112 of [153], “the term source
material shall not be interpreted as applying to ore or ore residue. Any determination by the Board
under Article XX of the Statute of the Agency after the entry into force of this Agreement which adds
to the materials considered to be source material or special fissionable material shall have effect
under this Agreement only upon acceptance by the State”; see also [540, Article 18.h]. However, ore
concentrate is considered to be source material. (See also No. 2.11.)
4.5. Special fissionable material
“plutonium-239; uranium-233; uranium enriched in the isotopes 235 or 233; any material containing
one or more of the foregoing; and such other fissionable material as the Board of Governors shall
from time to time determine; but the term ‘special fissionable material’ does not include source
material” [ST, Article XX.1]. See also [153, para. 112] and [540, Article 18.h]. (See also No. 4.4.)
4.6. Fissionable material
In general, an isotope or a mixture of isotopes capable of nuclear fission. Some fissionable materials
are capable of fission only by sufficiently fast neutrons (e.g. neutrons of a kinetic energy above 1
MeV). Isotopes that undergo fission by neutrons of all energies, including slow (thermal) neutrons,
are usually referred to as fissile materials or fissile isotopes. For example, isotopes 233U, 235U, 239Pu
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and 241Pu are referred to as both fissionable and fissile, while
fissile.

238

U and

240

Pu are fissionable but not

4.7. Fertile material
A nuclear material which can be converted into a special fissionable material through capture of one
neutron per nucleus. There are two naturally occurring fertile materials: 238U and 232Th. Through the
capture of neutrons followed by two beta decays, these fertile materials are converted to fissionable
239
Pu and 233U, respectively.
4.8. Uranium
A naturally occurring radioactive element with atomic number 92 and symbol U. Natural uranium
contains isotopes 234, 235 and 238; uranium isotopes 232, 233 and 236 are produced by
transmutation.
4.9. Natural uranium
Uranium as it occurs in nature, having an atomic weight of approximately 238 and containing minute
quantities of 234U, about 0.7% 235U and 99.3% 238U. Natural uranium is usually supplied in raw form
by uranium mines and concentration (ore processing) plants as uranium ore concentrate, most
commonly the concentrated crude oxide U3O8, often called yellow cake (see No. 5.16).
4.10. Depleted uranium
Uranium in which the abundance of the isotope 235U is less than that occurring in natural uranium,
e.g. uranium in spent fuel from natural uranium fuelled reactors and tails from uranium enrichment
processes.
4.11. Enriched uranium
Uranium having a higher abundance of fissile isotopes than natural uranium. Enriched uranium is
considered a special fissionable material (see No. 4.5).
4.12. Low enriched uranium (LEU)
Enriched uranium containing less than 20% of the isotope 235U. LEU is considered a special
fissionable material (see No. 4.5) and an indirect use material (see No. 4.26).
4.13. High enriched uranium (HEU)
Uranium containing 20% or more of the isotope 235U. HEU is considered a special fissionable
material (see No. 4.5) and a direct use material (see No. 4.25).
4.14. Uranium-233
An isotope of uranium which is produced by transmutation of 232Th through irradiating thorium fuel
in a reactor. Uranium-233 is considered a special fissionable material (see No. 4.5) and a direct use
material (see No. 4.25).
4.15. Plutonium
A radioactive element which occurs only in trace amounts in nature, with atomic number 94 and
symbol Pu. As produced by irradiating uranium fuels, plutonium contains varying percentages of the
isotopes 238, 239, 240, 241 and 242. Plutonium containing any 239Pu is considered a special
fissionable material (see No. 4.5) and, except for plutonium containing 80% or more of 238Pu, a direct
use material (see No. 4.25).
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4.16. Mixed oxide (MOX)
A mixture of the oxides of uranium and plutonium used as reactor fuel for the recycling of plutonium
in thermal nuclear reactors (‘thermal recycling’) and for fast reactors. MOX is considered a special
fissionable material (see No. 4.5) and a direct use material (see No. 4.25).
4.17. Thorium
A radioactive element with atomic number 90 and symbol Th. Naturally occurring thorium consists
only of the fertile isotope 232Th, which through transmutation becomes the fissionable 233U.
4.18. Americium
A radioactive element with atomic number 95 and symbol Am. Isotopes of americium, which are
formed by neutron capture or by the decay of 241Pu, are fissionable and may have the potential to be
used in a nuclear explosive device. While not defined under the IAEA Statute [ST] as source material
or special fissionable material (see Nos 4.4 and 4.5), information on separated americium is collected
by the IAEA under voluntary arrangements with relevant States. Americium has sometimes been
referred to as an ‘alternative nuclear material.’
4.19. Neptunium
A radioactive element with atomic number 93 and symbol Np. The isotope 237Np is both fissionable
and fissile; it is formed during the irradiation of fuel in reactors and may be separated from high level
waste and reprocessing streams. While not defined under the IAEA Statute [ST] as source material or
special fissionable material (see Nos 4.4 and 4.5), separated neptunium is monitored by the IAEA
under voluntary arrangements with relevant States. Neptunium has sometimes been referred to as an
‘alternative nuclear material.’
4.20. Enrichment
“the ratio of the combined weight of the isotopes uranium-233 and uranium-235 to that of the total
uranium in question” [153, para. 105], [66, para. 73], usually stated as a percentage. Although this
definition deals with the combined weight of the two fissile uranium isotopes, in practice they are
rarely mixed and are normally accounted for separately. The term ‘enrichment’ is also used in
relation to an isotope separation process by which the abundance of a specified isotope in an element
is increased, such as the production of enriched uranium or heavy water, or of plutonium with an
increase in the fissile isotope.
4.21. Depletion
Any process by which the abundance of a specified isotope (e.g. a fissile isotope) in an element is
reduced, such as the stripping process in an enrichment plant, the burnup of nuclear fuel in a reactor
or radioactive decay (e.g. the decay of 241Pu contained in spent fuel).
4.22. Transmutation
The conversion of one nuclide into another through one or more nuclear reactions, and more
specifically, the conversion of an isotope of one element into an isotope of another element through
one or more nuclear reactions. For example, 238U is converted into 239Pu by neutron capture followed
by the emission of two beta particles.
4.23. Material type
Classification of nuclear material according to the element contained and, for uranium, the degree of
enrichment. The types are: plutonium; high enriched uranium; 233U; depleted, natural and low
enriched uranium; and thorium.
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4.24. Material category
Categorization of nuclear material according to its irradiation status and suitability for conversion
into components of nuclear explosive devices. The categories are: unirradiated direct use material,
irradiated direct use material and indirect use material.
4.25. Direct use material
Nuclear material that can be used for the manufacture of nuclear explosive devices without
transmutation or further enrichment. It includes plutonium containing less than 80% 238Pu, high
enriched uranium and 233U. Chemical compounds, mixtures of direct use materials (e.g. mixed oxide
(MOX)), and plutonium in spent reactor fuel fall into this category. Unirradiated direct use material is
direct use material which does not contain substantial amounts of fission products; it would require
less time and effort to be converted to components of nuclear explosive devices than irradiated direct
use material (e.g. plutonium in spent reactor fuel) that contains substantial amounts of fission
products.
4.26. Indirect use material
All nuclear material except direct use material. It includes: depleted, natural and low enriched
uranium, and thorium, all of which must be further processed in order to produce direct use material.
4.27. Material form
Classification of nuclear material according to its physical form; material can be either in item form
or in bulk form. Material is in item form as long as it consists of individually identifiable units (e.g.
fuel assembly, bundle, pin, plate or coupon) that are kept intact during their stay in a material balance
area. Bulk material is material in loose form, such as liquid, gas or powder, or in a large number of
small units (e.g. pellets or pebbles) that are not each individually identified for nuclear material
accountancy purposes.
4.28. Improved nuclear material
As defined in para. 74 of [66], nuclear material that has been altered in such a way that “either:
(a)
(b)
(c)

The concentration of fissionable isotopes in it has been increased; or
The amount of chemically separable fissionable isotopes in it has been increased; or
Its chemical or physical form has been changed so as to facilitate further use or processing”.

4.29. Strategic value
A relative measure of the suitability of a nuclear material for conversion into components of nuclear
explosive devices. (See also Nos 4.25 and 4.26.)
4.30. Effective kilogram (ekg)
A special unit used in the safeguarding of nuclear material. As defined in para. 104 of [153] and para.
72 of [66], the quantity of nuclear material in effective kilograms is obtained by taking:
(a)
(b)
(c)
(d)
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For plutonium, its weight in kilograms;
For uranium with an enrichment of 0.01 (1%) and above, its weight in kilograms multiplied by
the square of its enrichment;
For uranium with an enrichment below 0.01 (1%) and above 0.005 (0.5%), its weight in
kilograms multiplied by 0.0001;
For depleted uranium with an enrichment of 0.005 (0.5%) or below, and for thorium, its weight
in kilograms multiplied by 0.00005.

4.31. Feed material
Nuclear material introduced at the start of a process operation, e.g. UF6 as the feed to an enrichment
process or to a UO2 conversion process, or UO2 as the feed to a fuel fabrication operation.
4.32. Intermediate product
Nuclear material in an intermediate process stage, e.g. green (unsintered) pellets in a fuel fabrication
operation.
4.33. Product
Nuclear material processed to the point of being ready for shipment from a facility, e.g. UF6 from an
enrichment plant or fuel assemblies from a fuel fabrication operation.
4.34. Scrap
Rejected nuclear material removed from the process stream. Clean scrap comprises rejected process
material that can be reintroduced into the process stream without the need for purification; dirty scrap
requires separation of the nuclear material from contaminants, or chemical treatment to return the
material to a state acceptable for subsequent processing.
4.35. Waste
Nuclear material in concentrations or chemical forms which do not permit economic recovery and
which is designated for disposal. Disposal methods depend on the radioactivity level of the waste and
normally include conditioning of the waste into a suitable form, e.g. vitrification of high level liquid
waste or mixing of hulls and medium level waste with cement. For safeguarded nuclear material
contained in waste, arrangements for termination of safeguards (see No. 2.12) should be agreed
between the State and the IAEA before disposal.
4.36. Hold-up
Nuclear material deposits remaining after shutdown of a plant in and about process equipment,
interconnecting piping, filters and adjacent work areas. For plants in operation, the hold-up is the
amount of nuclear material contained in the process. It is also referred to as in-process inventory (see
No. 6.56).
4.37. Fuel element (fuel assembly, fuel bundle)
A grouping of fuel rods, pins, plates or other fuel components held together by spacer grids and other
structural components to form a complete fuel unit which is maintained intact during fuel transfer and
irradiation operations in a reactor.
4.38. Fuel component
Any of the components of fuel elements containing nuclear material sealed in metal cladding (e.g.
subassemblies and fuel rods, pins or plates), as defined in the Subsidiary Arrangements for batch
definition and reporting purposes.
4.39. Pellet
A cylindrical compact of nuclear material, generally oxide, highly compressed and subsequently
sintered to a ceramic state. In reactor fuel fabrication, uranium oxide or mixed oxide pellets are
normally loaded into Zircaloy tubes to form a fuel rod.
4.40. Specified non-nuclear material
For safeguards purposes, non-nuclear material that can be used for the production of special
fissionable material (see No. 4.5). Under Article 2.a.(ix) of [540], States are to provide the IAEA with
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certain information on exports and, when requested, with the confirmation of imports of such
materials in quantities exceeding the limits indicated in the relevant items contained in the List of
Specified Equipment and Non-nuclear Material for the Reporting of Exports and Imports according
to Article 2.a.(ix) of [540, Annex II] (see No. 12.14). The non-nuclear materials specified include
nuclear grade graphite, and deuterium and heavy water (see Nos 4.41 and 4.42). Similar information
may be provided to the IAEA by States participating in the voluntary reporting scheme (see No.
1.27). Specified non-nuclear material may also be subject to IAEA safeguards under INFCIRC/66type safeguards agreements.
4.41. Nuclear grade graphite
Graphite having a purity level better than 5 parts per million boron equivalent and with a density
greater than 1.5 g/cm3 for use in a nuclear reactor in quantities exceeding 3 × 104 kg (30 metric
tonnes) for any one recipient country in any period of 12 months. Such graphite is listed in Annex II
of [540]. (See also No. 4.40.)
Note: Boron equivalent (BE) for graphite expresses the quality of the graphite as a neutron moderator
in terms of a concentration of naturally occurring boron that corresponds to the same capture
level for thermal neutrons as the combined impurities in the graphite.
4.42. Deuterium and heavy water
The isotope of hydrogen with mass number 2, 2H, is commonly called deuterium (symbol D); it
occurs naturally with an abundance in water of about 150 parts per million. The highly enriched form
of water (heavy water, more than 99.5% D2O) is used as a moderator in natural uranium fuelled
reactors. Deuterium, heavy water and any other deuterium compound in which the ratio of deuterium
to hydrogen atoms exceeds 1:5000 for use in a nuclear reactor in quantities exceeding 200 kg of
deuterium atoms for any one recipient country in any period of 12 months are listed in Annex II of
[540]. (See also No. 4.40.)
4.43. Zircaloy
Alloy consisting of zirconium and small amounts of other metals (Sn, Fe, Cr, Ni), used as a cladding
material for reactor fuel, especially in light water reactors. Zirconium metal and alloys in the form of
tubes or assemblies of tubes, and in quantities exceeding 500 kg in any period of 12 months,
especially designed or prepared for use in a nuclear reactor and in which the relation of hafnium to
zirconium is less than 1:500 parts by weight are listed in Annex II of [540]. (See also Nos 4.40 and
5.33.)
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5. NUCLEAR AND NUCLEAR RELATED ACTIVITIES
AND INSTALLATIONS
Safeguards agreements between a State (or States) and the IAEA define conditions under which
safeguards will be applied at nuclear installations in the State (or States). In addition, States may
have arrangements with the IAEA requiring the submission to the IAEA of information on nuclear
related activities and on the export and/or import of specified equipment.
5.1. Nuclear fuel cycle
A system of nuclear installations and activities interconnected by streams of nuclear material. The
characteristics of the fuel cycle may vary widely from State to State, from a single reactor supplied
from abroad with fuel, to a fully developed system. Such a system may consist of uranium mines and
concentration (ore processing) plants, thorium concentration plants, conversion plants, enrichment
(isotope separation) plants, fuel fabrication plants, reactors, spent fuel reprocessing plants and
associated storage installations. The fuel cycle can be ‘closed’ in various ways, for example by the
recycling of enriched uranium and plutonium through thermal reactors (thermal recycle), by the reenrichment of the uranium recovered as a result of spent fuel reprocessing or by the use of plutonium
in a fast breeder reactor.
5.2. Nuclear fuel cycle related research and development activities
“those activities which are specifically related to any process or system development aspect of any of
the following: conversion of nuclear material, enrichment of nuclear material, nuclear fuel
fabrication, reactors, critical facilities, reprocessing of nuclear fuel, processing (not including
repackaging or conditioning not involving the separation of elements, for storage or disposal) of
intermediate or high level waste containing plutonium, high enriched uranium or uranium-233, but do
not include activities related to theoretical or basic scientific research or to research and development
on industrial radioisotope applications, medical, hydrological and agricultural applications, health and
environmental effects and improved maintenance” [540, Article 18.a]. (See also No. 12.14.)
5.3. Installation
A facility or location outside facilities (LOF) under [153] and [540] (or ‘other location’ under [66]).
For IAEA planning and reporting of safeguards implementation, each installation is uniquely
identified by a corresponding installation code, which is used, inter alia, to identify separately each of
the installations in a group covered by the same Facility Attachment or the same LOF Attachment
(see No. 1.26).
5.4. Categorization of installations
A classification of nuclear and non-nuclear installations used for IAEA planning and reporting of
safeguards implementation. The categories are as follows:
A: Power reactors,
B: Research reactors and critical assemblies,
C: Conversion plants,
D: Fuel fabrication plants,
E: Reprocessing plants,
F: Enrichment (isotope separation) plants,
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G: Separate storage facilities,
H: Other facilities,
I: Locations outside facilities,
J: Non-nuclear facilities or locations (for INFCIRC/66-type safeguards agreements only).
5.5. Reactor
“any device in which a controlled, self-sustaining fission chain reaction can be maintained” [66, para.
80]. Reactors are the most numerous type of nuclear facility where safeguards are applied. Depending
on their power level and purpose, reactors are subdivided into power reactors, research reactors and
critical assemblies (see Nos 5.6–5.15).
5.6. Power reactor
A reactor intended to produce electrical power, power for propulsion, or power for district heating,
desalination or industrial purposes. The design of IAEA safeguards approaches for power reactors
depends considerably on whether they are refuelled during shutdown or during operation.
5.7. Off-load refuelled power reactor
A reactor refuelled while it is shut down, the facility’s generators are disconnected from the electric
grid and/or no heat is produced for utilization. Periods when off-load refuelled reactors are shut down
for refuelling usually provide an opportunity for the IAEA to verify fuel in the reactor cores.
5.8. Light water reactor (LWR)
An off-load refuelled power reactor which is both moderated and cooled by ordinary (light) water.
LWR fuel assemblies usually consist of Zircaloy clad fuel rods containing uranium oxide pellets of
low enrichment, generally less than 5% 235U, or mixed oxide (MOX) having a low plutonium content,
generally less than 5%. There are two types of LWR: boiling water reactors (BWRs) and pressurized
water reactors (PWRs). In a BWR, the heat generated is extracted by allowing the water to boil as it
passes through the reactor core, the steam raised being passed directly to the turbine. In a PWR, the
reactor vessel is operated at a pressure sufficient to suppress the boiling of the water; the steam
required for the turbine is produced in the secondary circuit by passing the primary coolant water
through heat exchangers (steam generators).
5.9. On-load refuelled power reactor (OLR)
A reactor that does not have to be shut down for refuelling and is refuelled while producing power for
electricity generation and/or heat utilization. Refuelling on-load influences the design of IAEA
safeguards approaches for OLR facilities in respect of core fuel verification.
5.10. Heavy water reactor (HWR)
A reactor using heavy water as the moderator. A prominent example is the Canadian deuterium
uranium (CANDU) type reactor, which is moderated and cooled by heavy water and is fuelled with
natural uranium. The fuel bundles, located in horizontal pressure tubes, consist of Zircaloy tubes
filled with uranium oxide pellets. CANDU reactors are refuelled on-load and, for safeguards
purposes, are treated as item facilities (see No. 5.27). There are also HWRs that operate with a
pressure vessel (similar to LWRs (see No. 5.8)) and those where light water is used as coolant.
5.11. Graphite moderated reactor
A reactor using nuclear grade graphite as the moderator and gas or light water as the coolant. Magnox
type power reactors are carbon dioxide cooled and natural uranium fuelled, with the fuel cladding of
a magnesium alloy (hence the name Magnox). Advanced gas cooled reactors (AGRs) are cooled with
carbon dioxide and fuelled with low enriched uranium oxide, clad in stainless steel. Reactors of the
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RBMK type (the acronym in Russian for ‘reactor of high power, boiling’) are power reactors that use
graphite as the moderator and boiling light water as the coolant. The fuel is low enriched uranium
oxide, clad in Zircaloy and contained in vertical pressure tubes. Magnox type power reactors, AGRs
and RBMK type reactors are treated, for safeguards purposes, as item facilities (see No. 5.27). In high
temperature gas cooled reactors (HTGRs), fuel can be in the form of pebbles made of oxide or
carbide nuclear material particles embedded in a matrix of graphite; reactors with pebble type fuel are
treated, for safeguards purposes, as bulk handling facilities (see No. 5.28).
5.12. Fast reactor
A reactor that, unlike thermal reactors, operates mainly with fast neutrons (neutrons in the energy
range above 0.1 MeV) and does not need a moderator. Fast reactors are generally designed to use
plutonium fuels and can produce, through transmutation of 238U, more plutonium than they consume,
i.e. they can be operated as breeder reactors with a conversion ratio greater than unity.
5.13. Research reactor
A reactor used as a research tool for basic or applied research or for training. Some reactors are used
for radioisotope production. The fission heat is generally removed by the coolant at low temperature
and is usually not used. A wide variety of research reactors exist, such as swimming pool reactors and
high flux reactors. Most research reactors are treated, for safeguards purposes, as item facilities (see
No. 5.27). Examples are:
(a)
Materials testing reactor (MTR) - a high enriched uranium fuelled and water cooled thermal
reactor used to produce a neutron flux for testing material properties and other applications. The fuel
assemblies usually consist of an array of aluminium clad plates containing a uranium–aluminium
alloy.
(b)
TRIGA reactor - a water cooled research reactor normally fuelled with uranium enriched to
just less than 20% 235U in a uranium–zirconium hydride mixture to form a solid, homogeneous fuel
rod, clad in Zircaloy.
5.14. Critical assembly
An installation used for research and consisting of a configuration of nuclear material which, by
means of appropriate controls, can sustain a chain reaction. It is distinguishable from a research
reactor or a power reactor in that it normally has no special provisions for cooling, is not shielded for
high power operation, has a core designed for flexibility of arrangement, and uses fuel in a readily
accessible form which is frequently repositioned and varied to investigate various reactor concepts.
Depending on fuel design, a critical assembly may be classified, for safeguards purposes, as an item
facility (see No. 5.27) or as a bulk handling facility (see No. 5.28).
5.15. Subcritical assembly
An installation similar to a critical assembly but physically incapable of sustaining a chain reaction
because of the limited mass of nuclear material and limitations on its distribution or configuration.
Subcritical assemblies are used in reactor physics research and for training.
5.16. Uranium mine and concentration (ore processing) plant
Installations, respectively, for mining uranium ore and for refining it to produce uranium ore
concentrate, most commonly into concentrated crude oxide, U3O8 (often called yellow cake).
According to paras 34(a) and 34(b) of [153], uranium mining and ore processing are activities which
are not required to be declared, although certain imports and exports of ore concentrate are required
to be reported to the IAEA. However, according to Article 2.a.(v) of [540], the State shall provide the
IAEA with information specifying the location, the operational status and the estimated annual
production capacity of uranium mines and concentration plants and thorium concentration plants, and
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the current annual production of such mines and concentration plants for the State as a whole.
Further, the State shall provide, upon request by the IAEA, the current annual production of an
individual mine or concentration plant. The provision of this information does not require detailed
nuclear material accountancy.
5.17. Conversion plant
An installation for converting the chemical composition of nuclear material so as to facilitate its
further use or processing, in particular to provide feed material for isotope separation and/or reactor
fuel fabrication. To produce material for isotope separation, natural uranium ore concentrates or
uranium oxides from reprocessing are converted into uranium hexafluoride (UF6). To produce
material for fuel fabrication, the following conversions are carried out: U3O8 or UF6 to uranium
dioxide (UO2); U or Pu nitrate to oxide; and U or Pu oxides to metal. Operations to convert UF6 to
UO2 normally are performed in conversion sections of uranium fuel fabrication plants, while
conversions of U or Pu nitrates to oxides normally are performed in conversion sections of
reprocessing plants or in mixed oxide (MOX) fuel fabrication plants.
5.18. Fuel fabrication plant
An installation for manufacturing fuel elements or other reactor components containing nuclear
material. The associated conversion, storage and analytical sections are usually included as parts of
the fabrication plant. For safeguards purposes, fuel fabrication plants are further categorized
according to the nuclear material handled: natural uranium, depleted uranium, low enriched uranium
(LEU), high enriched uranium (HEU), thorium, mixed plutonium–uranium oxide (MOX) and
plutonium.
5.19. Scrap recovery plant
An installation in which scrap consisting of or containing nuclear material is treated by separating
unwanted material and converting the nuclear material to forms usable for processing, usually by
dissolution, solvent extraction and precipitation of the material. Scrap recovery sections of other
installations, especially fuel fabrication plants, are treated as parts of those installations.
5.20. Enrichment plant (or isotope separation plant)
An installation for the separation of isotopes of uranium to increase the abundance of 235U. The main
isotope separation processes used in enrichment plants are gas centrifuge or gaseous diffusion
processes operating with uranium hexafluoride (UF6) (which is also the feed material for
aerodynamic and molecular laser processes). Other isotope separation processes include
electromagnetic, chemical exchange, ion exchange, and atomic vapour laser and plasma processes.
5.21. Reprocessing plant
An installation for the chemical separation of nuclear material from fission products, following
dissolution of spent fuel. The installation may also include the associated storage, head-end (cutting
and dissolution) operations, conversion and analytical sections, a waste treatment facility, and liquid
and solid waste storage. Reprocessing involves the following steps: fuel receipt and storage, fuel
decladding and dissolution, separation of uranium and plutonium and possibly other actinides (e.g.
americium and neptunium) from fission products, separation of uranium from plutonium, and
purification of uranium and plutonium. Once purified, uranium nitrate and plutonium nitrate may be
converted, respectively, to UO2 and PuO2 powder at the reprocessing plant.
5.22. Storage facility
An installation designed to store nuclear material.
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5.23. Heavy water production plant
A non-nuclear installation for the production of heavy water (deuterium oxide). Heavy water
production plants, and equipment especially designed or prepared therefor, can be subject to
safeguards under INFCIRC/66-type safeguards agreements. Under [540], the production or upgrading
of heavy water or deuterium, and the export of such specified non-nuclear material and the equipment
for its production, are to be declared to the IAEA. (See also Nos 4.42 and 5.33.)
5.24. Facility
“a reactor, a critical facility, a conversion plant, a fabrication plant, a reprocessing plant, an isotope
separation plant or a separate storage installation; or any location where nuclear material in amounts
greater than one effective kilogram is customarily used” [153, para. 106], [540, Article 18.j]. Under
[66], two kinds of facility are defined (in paras 78 and 81, respectively).
5.25. Location outside facilities (LOF)
“any installation or location, which is not a facility, where nuclear material is customarily used in
amounts of one effective kilogram or less” [540, Article 18.j]. This term also applies under para. 49
of [153], where LOF is described as a location containing “nuclear material customarily used outside
facilities”. The corresponding term under para. 66 of [66] is ‘other locations’, which is used in
INFCIRC/66-type safeguards agreements to refer to installations where nuclear material outside of
principal nuclear facilities is held, e.g. source material stored elsewhere than in a sealed storage
facility.
5.26. Facility type
Used as the basis for IAEA planning and reporting of safeguards implementation. A facility type
may consist of one or more installations, with the main category of installations (see No. 5.4)
defining the facility type.
5.27. Item facility
A facility where all nuclear material is kept in item form and the integrity of the item remains
unaltered during its residence at the facility. In such cases, IAEA safeguards are based on item
accountancy procedures (e.g. item counting and identification, non-destructive measurements of
nuclear material and the verification of the continued integrity of the items). Examples of item
facilities are most reactors and critical assemblies (critical facilities), and storage installations for
reactor fuel.
5.28. Bulk handling facility
A facility where nuclear material is held, processed or used in bulk form. Where appropriate, bulk
handling facilities may be organized for safeguards purposes into multiple material balance areas
(MBAs), for instance by separating activities relating only to the storage and assembly of discrete
fuel items from those involving storage or processing of bulk material. In a bulk MBA, flow and
inventory values declared by the facility operator are verified by the IAEA through independent
measurements and observation. Examples of bulk handling facilities are plants for conversion,
enrichment (or isotope separation), fuel fabrication and spent fuel reprocessing, and storage facilities
for bulk material.
5.29. Facility life cycle
For safeguards purposes, a set of phases over the lifetime of a nuclear facility, starting with the
decision to construct, or authorize the construction of, the facility and ending when the IAEA and the
State agree that the facility is decommissioned (see No. 5.31). The following comprise the facility life
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cycle phases: pre-construction, construction, commissioning, operating, maintenance or modification,
shut down, closed down (see No. 5.30) and decommissioned. It is possible for parts of a facility to be
in different life cycle phases.
5.30. Closed-down facility (or closed-down location outside facilities)
“an installation or location where operations have been stopped and the nuclear material removed but
which has not been decommissioned” [540, Article 18.d].
5.31. Decommissioned facility (or decommissioned location outside facilities)
“an installation or location at which residual structures and equipment essential for its use have been
removed or rendered inoperable so that it is not used to store and can no longer be used to handle,
process or utilize nuclear material” [540, Article 18.c].
5.32. Geological repository
Underground installation for the disposal of nuclear material, such as spent fuel, usually located more
than several hundred metres below ground level in a stable geological formation that ensures long
term isolation of radionuclides from the biosphere. In the operating phase the repository will include
a reception area which may be above or below ground, as well as container handling and
emplacement areas underground. After the final closure, the backfilling of all emplacement areas in
the repository will have been completed and all surface activities ceased.
5.33. Specified equipment
Under Article 2.a.(ix) of [540], States are to provide the IAEA with certain information on exports
and, when requested, with the confirmation of imports of equipment and non-nuclear material
specified in the List of Specified Equipment and Non-nuclear Material for the Reporting of Exports
and Imports According to Article 2.a.(ix) [540, Annex II] (see No. 12.14). The list identifies such
items that are especially designed or prepared for use in nuclear installations or for the production of
heavy water. Similar information may be provided to the IAEA by States participating in a voluntary
reporting scheme (see No. 1.27). Specified equipment may be subject to IAEA safeguards under
INFCIRC/66-type safeguards agreements.
5.34. Nuclear related dual use item
An item which has a technical use in both nuclear and non-nuclear applications, and is subject to
certain conditions of supply because such items could make a major contribution to a nuclear
explosive activity. Dual use items are recognized as possible process indicators in the evaluation of
the nuclear related significance of information on a State’s activities (see No. 12.20). A list of nuclear
related dual use items, including equipment, materials and related technology, is incorporated in the
Nuclear Suppliers’ Group Guidelines (see No. 1.29) and is published in [254, Part 2].
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6. NUCLEAR MATERIAL ACCOUNTANCY
Nuclear material accountancy within the framework of IAEA safeguards begins with the nuclear
material accounting activities by facility operators and the State system of accounting for and control
of nuclear material (SSAC), implemented in accordance with the provisions of the safeguards
agreement between the IAEA and the State (or group of States). The IAEA applies nuclear material
accountancy, complemented by containment and surveillance (C/S) measures, to independently verify
the correctness of the accounting information generated by these activities.
6.1. Nuclear material accountancy
The practice of nuclear material accounting as implemented by the facility operator and the State
system of accounting for and control of nuclear material (SSAC) (see No. 3.33), inter alia, to satisfy
the requirements in the safeguards agreement between the IAEA and the State (or group of States);
and as implemented by the IAEA, inter alia, to independently verify the correctness of the nuclear
material accounting information in the facility records and the reports provided by the SSAC to the
IAEA. Nuclear material accountancy may include the following:
FACILITY LEVEL
(a)
(b)
(c)

(d)
(e)
(f)

(g)
(h)

Dividing operations involving nuclear material into material balance areas (MBAs) (see No.
6.4);
Maintaining records on the quantities of nuclear material held within each MBA;
Measuring and recording all transfers of nuclear material from one MBA to another or
changes in the amount of nuclear material within MBAs due to, for example, nuclear
production (see No. 6.17) or nuclear loss (see No. 6.22);
Determining periodically the quantities of nuclear material present within each MBA
through the taking of the physical inventory (see No. 6.41);
Closing the material balance over the period between two successive physical inventory
takings and computing the material unaccounted for (MUF) (see No. 6.43) for that period;
Providing for a measurement control programme to determine the accuracy of calibrations
and measurements (see No. 6.33) and the correctness of recorded source data (see No. 6.9)
and batch data (see No. 6.8);
Testing the computed MUF against its limits of error for indications of any unrecorded
nuclear loss or accidental gain (see Nos 6.22 and 6.18);
Analysing the accounting information to determine the cause and magnitude of mistakes in
recording unmeasured losses, accidental losses and unmeasured inventory (hold-up) (see No.
4.36).

STATE AUTHORITY LEVEL
(a)
(b)
(c)

Preparing and submitting nuclear material accounting reports to the IAEA, as appropriate
(see, for example, Nos 12.4–12.8);
Ensuring that nuclear material accounting procedures and arrangements are adhered to;
Providing for IAEA inspector access and co-ordination arrangements, as necessary, to
enable the IAEA to carry out its verification activities;
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(d)

Verifying facility operators’ nuclear material accountancy performance, as provided for in
the SSAC regulations.

IAEA LEVEL
(a)

(b)
(c)

Independently verifying nuclear material accounting information in facility records and State
reports, and conducting activities as provided for in the safeguards agreement (see, for
example, Nos 6.48–6.55);
Determining the effectiveness of the SSAC (see No. 3.33);
Providing statements to the State on the IAEA’s verification activities (see, for example, Nos
13.2–13.8).

6.2. Nuclear material accounting
Activities carried out to establish the quantities of nuclear material present within defined areas and
the changes in those quantities within defined periods. Elements of nuclear material accounting
include: establishment of accounting areas, record keeping, nuclear material measurement,
preparation and submission of accounting reports, and verification of the correctness of the nuclear
material accounting information.
6.3. Near real time accountancy (NRTA)
A form of nuclear material accountancy for bulk handling material balance areas in which itemized
inventory and inventory change data are maintained by the facility operator and made available to the
IAEA on a near real time basis so that inventory verification can be carried out and material balances
can be closed more frequently than, for example, at the time of an annual physical inventory taking
by the facility operator (see No. 6.41). When the in-process inventory (see No. 4.36) cannot be
determined by measurement, NRTA requires that an estimate, including its uncertainty, be made of
the inventory in each equipment item, on the basis of adequately documented techniques.
6.4. Material balance area (MBA)
As defined in para. 110 of [153], “an area in or outside of a facility such that:
(a) The quantity of nuclear material in each transfer into or out of each ‘material balance area’ can
be determined; and
(b) The physical inventory of nuclear material in each ‘material balance area’ can be determined
when necessary, in accordance with specified procedures, in order that the material balance for
Agency safeguards purposes can be established”.
Paragraph 46(b) of [153] provides that design information made available to the IAEA shall be used:
“To determine material balance areas to be used for Agency accounting purposes and to select those
strategic points which are key measurement points and which will be used to determine the nuclear
material flows and inventories; in determining such material balance areas the Agency shall, inter
alia, use the following criteria:
(i) The size of the material balance area should be related to the accuracy with which the
material balance can be established;
(ii)
In determining the material balance area advantage should be taken of any
opportunity to use containment and surveillance to help ensure the completeness of flow
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measurements and thereby simplify the application of safeguards and concentrate measurement
efforts at key measurement points;
(iii)
A number of material balance areas in use at a facility or at distinct sites may be
combined into one material balance area to be used for Agency accounting purposes when the
Agency determines that this is consistent with its verification requirements; and
(iv)
If the State so requests, a special material balance area around a process step
involving commercially sensitive information may be established”.

6.5. Strategic point
“a location selected during examination of design information where, under normal conditions and
when combined with the information from all ‘strategic points’ taken together, the information
necessary and sufficient for the implementation of safeguards measures is obtained and verified; a
‘strategic point’ may include any location where key measurements related to material balance
accountancy are made and where containment and surveillance measures are executed” [153, para.
116].
6.6. Key measurement point (KMP)
“a location where nuclear material appears in such a form that it may be measured to determine
material flow or inventory. ‘Key measurement points’ thus include, but are not limited to, the inputs
and outputs (including measured discards) and storages in material balance areas” [153, para. 108].
6.7. Batch
“a portion of nuclear material handled as a unit for accounting purposes at a key measurement point
and for which the composition and quantity are defined by a single set of specifications or
measurements. The nuclear material may be in bulk form or contained in a number of separate items”
[153, para. 100]. Examples are: a fuel assembly, a cylinder with UF6, several drums of UO2 powder
from the same production run and a number of fuel rods with the same specifications. Items included
in the same batch are items containing nuclear material of the same element concentration and
enrichment. Definitions of items and batches handled at a facility are included in the Subsidiary
Arrangements (see No. 1.26).
6.8. Batch data
“the total weight of each element of nuclear material and, in the case of plutonium and uranium, the
isotopic composition when appropriate. The units of account shall be as follows:
(a) Grams of contained plutonium;
(b) Grams of total uranium and grams of contained uranium-235 plus uranium-233 for uranium
enriched in these isotopes; and
(c) Kilograms of contained thorium, natural uranium or depleted uranium.
For reporting purposes the weights of individual items in the batch shall be added together before
rounding to the nearest unit” [153, para. 101].
6.9. Source data
“those data, recorded during measurement or calibration or used to derive empirical relationships,
which identify nuclear material and provide batch data. ‘Source data’ may include, for example,
weight of compounds, conversion factors to determine weight of element, specific gravity, element
concentration, isotopic ratios, relationship between volume and manometer readings and relationship
between plutonium produced and power generated” [153, para. 115].
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6.10. Identity data (or identification data)
Those data needed to uniquely characterize an item, batch (see No. 6.7) or stratum (see No. 6.37).
Examples are a material balance area (see No. 6.4), nuclear material type (see No. 4.23), batch
identification, material description (see No. 6.13), and type and date of an inventory change (see No.
6.14).
6.11. Element code
A single-letter code used in fixed format (i.e. column delimited) for accounting reports, under an
INFCIRC/153-type safeguards agreement, to characterize the relevant nuclear material (e.g. natural
uranium (see No. 4.9), depleted uranium (see No. 4.10), enriched uranium (see No. 4.11) and unified
uranium (see No. 6.12)).
6.12. Unified uranium
A category of uranium, used for nuclear material accounting and reporting purposes under
INFCIRC/153-type safeguards agreements, where all uranium (natural, depleted and enriched) is
included in a single (unified) account. The material balance area and the SSAC must account for and
report grams of total uranium and grams of contained 235U plus 233U regardless of the enrichment for
the batch of nuclear material. The use of a unified uranium account is a point of negotiation in the
Subsidiary Arrangements (see No. 1.26).
6.13. Material description
Description of a nuclear material batch in an accounting report under an INFCIRC/153-type
safeguards agreement (see No. 12.4). Nuclear material batches are described by four parameters:
physical form, chemical composition, containment or type of container, and irradiation status and
quality.
6.14. Inventory change
“an increase or decrease, in terms of batches, of nuclear material in a material balance area” [153,
para. 107]. Such a change shall involve one of the following:
(a) Increases: import (see No. 6.15), domestic receipt (see No. 6.16), nuclear production (see No.
6.17), accidental gain (see No. 6.18), retransfer from retained waste (see No. 6.20) and deexemption of nuclear material from IAEA safeguards (see No. 6.19);
(b) Decreases: export (see No. 6.15), domestic shipment (see No. 6.21), nuclear loss (see No. 6.22),
other loss (see No. 6.26), measured discard (see No. 6.23), transfer to retained waste (see No.
6.20), exemption of nuclear material from IAEA safeguards (see Nos 6.24 and 2.13), and
termination of IAEA safeguards on nuclear material transferred to non-nuclear use (see Nos 6.25
and 2.12).
According to para. 39(a) of [66], an inventory change is any receipt, transfer out or use of all
safeguarded nuclear material.
6.15. Import and export
International transfer of nuclear material subject to IAEA safeguards into and out of a State. The
responsibility for material which is transferred internationally is defined under para. 91 of [153] and
the requirements for notification of the IAEA by the responsible States are provided under paras 92–
96 of [153].
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6.16. Domestic receipt
According to para. 107 of [153], the receipt from other material balance areas within a State, receipt
from a non-safeguarded (non-peaceful) activity or receipt at the starting point of safeguards (see No.
2.11).
6.17. Nuclear production
According to para. 107 of [153], the generation of special fissionable material through irradiation of
fertile material in a reactor. (See also No. 4.5.)
6.18. Accidental gain
Unforeseen nuclear material that is present in a material balance area, except when detected in the
course of a physical inventory taking by the facility operator (see No. 6.41).
6.19. De-exemption
“reapplication of safeguards on nuclear material previously exempted therefrom on account of its use
or quantity” [153, para. 107].
6.20. Retained waste
“nuclear material generated from processing or from an operational accident, which is deemed to be
unrecoverable for the time being but which is stored” [153, para. 107]. This wording defines the
nuclear material considered as retained waste; the actual inventory change used in accounting records
and reports is termed ‘transfer to retained waste’ (see No. 6.14). Material transferred to retained waste
is stored at the material balance area (MBA) and continues to be subject to IAEA safeguards, but is
not included in the inventory of the MBA.
6.21. Domestic shipment
“shipments to other material balance areas or shipments for a non-safeguarded (non-peaceful)
activity” within a State [153, para. 107].
6.22. Nuclear loss
“loss of nuclear material due to its transformation into other element(s) or isotope(s) as a result of
nuclear reactions” [153, para. 107]. Nuclear loss also includes burnup of nuclear material in a reactor
and decay (e.g. of 241Pu) during storage.
6.23. Measured discard
“nuclear material which has been measured, or estimated on the basis of measurements, and disposed
of in such a way that it is not suitable for further nuclear use” [153, para. 107].
6.24. Exemption (of nuclear material)
“exemption of nuclear material from safeguards on account of its use or quantity” [153, para. 107].
(See also No. 2.13.)
6.25. Termination (of IAEA safeguards)
Termination of safeguards on nuclear material pursuant to para. 35 of [153]. (See also No. 2.12.)
6.26. Other loss
“for example, accidental loss (that is, irretrievable and inadvertent loss of nuclear material as the
result of an operational accident) or theft” [153, para. 107].
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6.27. Arithmetical correctness
Absence of arithmetical mistakes, inter alia: the absence of errors of addition, subtraction,
multiplication and division, and in recording the determination of batch results from source data; and
the absence of errors in the summation and recording of item quantities to obtain batch, stratum and
account totals.
6.28. Adjustment
“an entry into an accounting record or a report showing a shipper/receiver difference or material
unaccounted for” [153, para. 98]. The scope of this term has been extended to include rounding
adjustments.
6.29. Correction
“an entry into an accounting record or a report to rectify an identified mistake or to reflect an
improved measurement of a quantity previously entered into the record or report. Each correction
must identify the entry to which it pertains” [153, para. 103].
6.30. Accounting records
A set of data kept at each facility or location outside facilities (LOF) showing the quantity of each
type of nuclear material present, its distribution within the facility (or LOF) and any changes
affecting it. Accounting records contain “in respect of each material balance area:
(a) All inventory changes, so as to permit a determination of the book inventory at any time;
(b) All measurement results that are used for determination of the physical inventory; and
(c) All adjustments and corrections that have been made in respect of inventory changes, book
inventories and physical inventories” [153, para. 56]. See also [153, para. 57].
6.31. Operating records
A set of data kept at each facility on the operation of the facility in connection with the use or
handling of nuclear material. The operating records of a reactor show, for example, the integrated
thermal power produced by the reactor for a given period and the associated data of the reactor
operation for that period as needed to determined the nuclear production and nuclear loss, and the
location of each fuel element at any time. Operating records contain “in respect of each material
balance area:
(a) Those operating data which are used to establish changes in the quantities and composition of
nuclear material;
(b) The data obtained from the calibration of tanks and instruments and from sampling and analyses,
the procedures to control the quality of measurements and the derived estimates of random and
systematic error;
(c) A description of the sequence of the actions taken in preparing for, and in taking, a physical
inventory, in order to ensure that it is correct and complete; and
(d) A description of the actions taken in order to ascertain the cause and magnitude of any accidental
or unmeasured loss that might occur” [153, para. 58].
6.32. Supporting document
A record containing identity data (see No. 6.10), source data (see No. 6.9) and batch data (see No.
6.8) for each accounting transaction, such as shipping documents, weight (volume) records,
laboratory records, charge/discharge records and power production records.
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6.33. Measurement system
Procedures, personnel and equipment used for determining the quantities of nuclear material
received, produced, shipped, lost or otherwise removed from inventory, and the quantities on
inventory, as provided for in paras 32(a) and 32(b) of [153]. This system should provide for:
(a) Identification of key measurement points (see No. 6.6) and the characteristics of the nuclear
material to be measured,
(b) Specification of the measurement performance desired,
(c) Specification of the measurement technique(s) employed,
(d) Specifications for measurement equipment,
(e) Equipment maintenance provisions and procedures,
(f) Operator’s qualifications and provisions for training,
(g) Calibration standards and procedures,
(h) Routine measurement and data analysis procedures,
(i) Procedures for controlling measurement quality and maintaining performance at the desired
level,
(j) Procedures for generating sample plans and obtaining representative samples,
(k) Procedures for combining measurements and measurement uncertainties so as to calculate
material unaccounted for (MUF) and MUF uncertainty (σMUF) (see Nos 6.43 and 10.1).
Paragraph 55 of [153] provides that the system of measurements on which the facility records
are based “shall either conform to the latest international standards or be equivalent in quality to such
standards.”
6.34. Traceability
The ability to relate a measurement result or a standard value to stated reference standards, usually
provided by a nationally or internationally recognized organization through an unbroken chain of
comparisons. The associated uncertainties should be known and available.

TABLE III. EXPECTED MEASUREMENT UNCERTAINTY δE (RELATIVE STANDARD
DEVIATION) ASSOCIATED WITH CLOSING A MATERIAL BALANCE
Bulk handling facility type

δE

Uranium enrichment
Uranium fabrication
Plutonium fabrication
Uranium reprocessing
Plutonium reprocessing
Separate scrap storage
Separate waste storage

0.002
0.003
0.005
0.008
0.010
0.04
0.25

6.35. International standards of accountancy
Values of the measurement uncertainty δE expected for closing a material balance. These values,
which are based on operating experience at the various types of bulk handing facility, are considered
achievable under the condition of normal operation. For calculating the international standard for the
uncertainty of a material balance, the standard from Table III (expressed as a relative standard
deviation) is multiplied by the throughput. The δE values can be used along with the International
Target Values (see No. 6.36) to determine whether a facility’s measurement system meets
international standards.
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6.36. International Target Values (ITV)
Target values for random and systematic measurement uncertainty components for destructive
analysis (DA) (see No. 7.13) and non-destructive assay (NDA) (see No. 7.24) measurements
performed on nuclear material. The values are expressed as per cent relative standard deviations, and
are values for uncertainties associated with a single determination result; for example, this may be the
result reported by one laboratory on one sample (independent of the analytical scheme applied
internally in the laboratory), or the result of an NDA measurement performed on a single item. The
values are based on actual practical measurement experiences and are intended to be used as a
reference for routinely achievable measurement quality by facility operators, SSACs and the IAEA.
The values are periodically updated to reflect currently achievable measurement capabilities and to
incorporate newly developed measurement techniques and instruments. The currently used set of
values (ITV 2000) was published as [STR-327].
6.37. Stratum
A grouping of items and/or batches having similar physical and chemical characteristics (e.g. isotopic
composition) made for the purpose of facilitating statistical sampling. The desired end result of
stratification is that the items in a particular stratum are more like one another with respect to certain
characteristics relevant for verification measurement and safeguards data analysis purposes than they
are like the items in the other strata. In practice, a stratum may contain dissimilar materials as long as
the facility operator used one method for measurement and the inspector used one method for
verification (not necessarily the same). Stratification simplifies verification, making it possible to
formulate the sampling plans needed to verify a material balance and to calculate its uncertainty
(σMUF) (see No. 6.43). The operator and the IAEA should co-operate in defining strata so that the
purposes of stratification are met.
6.38. Account
A record of debit and credit entries chronologically posted to a ledger to cover transactions involving
a particular type or stratum of nuclear material within a material balance area.
6.39. Account balance
Determined for a particular type or stratum of nuclear material, e.g. UF6 cylinders or trays of pellets,
and defined as the book inventory at any time, or the algebraic sum of the inventory at the beginning
of a defined period and the inventory changes during the period, equalling the book inventory for that
particular material at the end of the period.
6.40. Book inventory (of a material balance area)
“the algebraic sum of the most recent physical inventory of that material balance area and of all
inventory changes that have occurred since that physical inventory was taken” [153, para. 102].
6.41. Physical inventory
“the sum of all the measured or derived estimates of batch quantities of nuclear material on hand at a
given time within a material balance area, obtained in accordance with specified procedures” [153,
para. 113]. The physical inventory is determined by the facility operator as a result of a physical
inventory taking and is reported to the IAEA in the physical inventory listing (see No. 12.8). The
physical inventory is verified by the IAEA during a physical inventory verification inspection (see
No. 6.52). The ending physical inventory for a material balance period is also the beginning physical
inventory for the next material balance period.
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6.42. Material balance component
The combination of all strata in one term of the material balance equation, i.e. the MUF (material
unaccounted for) equation (see No. 6.43). For example, arriving UF6 cylinders, UO2 powder in drums
and any other increases in the inventory of the material balance area (MBA) (such as receipts of scrap
for recovery from another MBA) are combined to form the component ‘increases’.
6.43. Material unaccounted for (MUF)
This is calculated for a material balance area (MBA) over a material balance period using the material
balance equation, commonly written as:
MUF = (PB + X – Y) – PE
where
PB

is the beginning physical inventory,

X

is the sum of increases to inventory,

Y

is the sum of decreases from inventory,

PE

is the ending physical inventory.

Because book inventory is the algebraic sum of PB, X and Y, MUF can be described as the difference
between the book inventory and the physical inventory. For item MBAs, MUF should be zero, and a
non-zero MUF is an indication of a problem (e.g. accounting mistakes) which should be investigated.
For bulk handling MBAs, a non-zero MUF is expected because of measurement uncertainty and the
nature of processing. The operator’s measurement uncertainties associated with each of the four
material balance components (see No. 6.42) are combined with the material quantities to determine
the uncertainty of the material balance σMUF.
6.44. Cumulative MUF
The algebraic sum of the MUFs for a material balance area over time (see No. 6.43).
6.45. Shipper/receiver difference (SRD)
“the difference between the quantity of nuclear material in a batch as stated by the shipping material
balance area and as measured at the receiving material balance area” [153, para. 114].
6.46. Cumulative SRD
The algebraic sum of the shipper/receiver differences for a material balance area over time (see No.
6.45).
6.47. Material balance period (MBP)
Under an INFCIRC/153-type safeguards agreement, the term is used to refer to the time between two
consecutive physical inventory takings (PITs) (see No. 6.41) as reflected in the State’s material
balance report (see No. 12.7). Under an INFCIRC/66-type safeguards agreement, the term is used to
refer to what more accurately should be called the book balance period, since the beginning and the
ending dates of the period are not necessarily linked to PITs.
6.48. IAEA examination of records
A set of inspection activities which under [153] are denoted as examination of records and under [66]
as auditing activities. Facility records are examined with the intent to establish a correct set of data
upon which to base the verification of the flow and the inventory of nuclear material. Examination of
records consists of all or some of the following activities: examination of accounting records,
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examination of operating records, reconciliation of accounting with operating records, updating of the
book inventory (see No. 6.49), and comparison of facility records with State reports and/or
notifications to the IAEA.
6.49. IAEA updating of the book inventory
An inspection activity through which the inspector establishes the book inventory of a material
balance area (MBA), i.e. the amount of nuclear material that should be present in the MBA. The
updating is based on the book inventory value established at the previous inspection and uses facility
records and supporting documents covering the intervening period. The book inventory value is the
basis for verification of the inventory of nuclear material actually present in the MBA as of the date
to which the book inventory has been updated.
6.50. IAEA inventory change verification
An inspection activity carried out to verify a recorded increase or decrease of the inventory of nuclear
material in a material balance area. Verification of inventory changes, as components of the material
balance, is essential for the IAEA’s verification of the overall material balance and the determination
of the inspector’s estimate of MUF (see No. 10.2). The verification is based on the inventory change
data in the facility records and supporting documents, and involves the use of IAEA accountancy
verification methods (see No. 6.56). It may include the use of containment and surveillance measures
(see No. 8.6), for example in respect of receipts of material previously verified at the shipping facility
and sealed by the IAEA. Under [153], the verification of inventory changes is performed at flow key
measurement points (see No. 6.6).
6.51. IAEA inventory verification
An inspection activity carried out to confirm that the amount of nuclear material actually present at a
given time within a material balance area (MBA) is in agreement with the operator’s recorded book
inventory of nuclear material for the MBA. Under [153], the verification of inventory is performed at
inventory key measurement points (see No. 6.6). There are two types of inventory verification:
physical inventory verification and interim inventory verification (see Nos 6.52 and 6.53,
respectively).
6.52. IAEA physical inventory verification (PIV)
An inspection activity that follows closely, or coincides with, the physical inventory taking by the
operator (see No. 6.41) and closes the material balance period. The basis for a PIV is the list of
inventory items prepared by the operator. The data are correlated with the physical inventory listing
reports submitted by the State to the IAEA (see No. 12.8).
6.53. IAEA interim inventory verification
An inspection activity that does not coincide with the ending date of a material balance period and
does not necessarily have to include all nuclear material present in the material balance area. Under
[153], verification is made for purposes of timely detection or, for example, for re-establishment of
the inventory of nuclear material within an area covered by surveillance after a failure of surveillance.
6.54. IAEA verification of nuclear material flows within an MBA
An inspection activity carried out under [153] at strategic points other than key measurement points
or at strategic points for containment and surveillance (see No. 6.5). Examples are the verification of
the transfer of fresh mixed oxide fuel assemblies into the core of a light water reactor, and sampling
of pellets at the rod loading stations of fuel fabrication plants for the purpose of bias defect
verification (see No. 10.7).

46

6.55. IAEA verification of operator’s measurement system
An inspection activity carried out to enable the IAEA to independently estimate the operator’s
measurement errors and thus determine whether the estimates are in agreement with the facility
design information supplied to the IAEA (see No. 3.28) and conform to the international standards of
accountancy (see No. 6.35). Methods used for this purpose include observation of the calibration of
the operator’s measuring equipment (see No. 7.1), observation of the operator’s measurement of
standards provided by the IAEA and the taking of samples for destructive analysis (see Nos 7.7 and
7.13).
6.56. IAEA accountancy verification methods
Methods used by the IAEA to independently verify nuclear material accounting information.
Examples are: identification, weighing, volume determination, sampling and analysis, variables test
by non-destructive assay (NDA) (bias defects) (see, for example, Nos 7.24 and 10.7), variables test
by NDA in the attributes mode (partial defects) (see, for example, Nos 7.24 and 10.7), criticality
check for verification, and attributes test by NDA (gross defects) (see, for example, Nos 7.24 and
10.7). In addition, there are some facility specific methods (e.g. the method for in-process inventory
verification in the case of near real time accountancy (see No. 6.3) and item counting (see No. 6.57))
that can be specified for use as verification methods.
6.57. Item counting
An IAEA verification activity involving the counting of items in a batch, stratum or material balance
component for the purpose of verifying the correctness of the operator’s records with respect to the
number of items present.
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7. NUCLEAR MATERIAL MEASUREMENT
TECHNIQUES AND EQUIPMENT
Nuclear material verification depends on techniques and equipment for sampling, measurement and
analysis of nuclear material. Physical standards are required for calibration of measurement
equipment and provide a basis for determining the accuracy of measurements. For more information
on this subject see [IAEA/NVS/1].
7.1. Calibration
The set of actions used during set-up and periodic validation of the performance of an instrument or
measurement system, specifically to establish a correlation between instrument output and final
(reportable) results. Through calibration, the systematic error (see No. 10.16) can be minimized and
the accuracy of an instrument or measurement system established. Calibration is normally performed
for an instrument on reference materials (see No. 7.2) so that the instrument can be properly tuned
using well characterized material. The result of the calibration(s) may be recorded in a document,
called a calibration certificate, and is sometimes expressed as a calibration factor or a set of
calibration factors, for example in the form of a calibration curve. The calibration process should
include an estimation of the associated uncertainty.
7.2. Reference material
A material or substance which is homogeneous and for which one or more values are well
established. The material can be used for calibration of an apparatus, for assessment of a
measurement method, or for assignment of values to materials. ‘Certified reference material’ is
reference material accompanied by a certificate issued by a recognized organization and stating the
value(s) and associated uncertainty.
7.3. Primary standard
A certified reference material that is designated or acknowledged to be of high metrological quality
(i.e. traceable to a primary unit of measurement) and whose value is accepted without reference to
other standards.
7.4. Secondary standard
A standard whose value is assigned by comparison with a primary standard of the same quantity. It
may be a sample, selected from production material or artificially prepared to be similar to production
material, which is characterized against primary standards and documented to be accurate to within a
stated uncertainty in the parameters of interest. Such samples are used, for example, to check
measurement reproducibility and accuracy under conditions as close as possible to those encountered
with real production materials.
7.5. Bulk measurement
Determination of the mass of material subject to IAEA safeguards verification, such as solid
materials or solutions in containers and solutions in tanks. For materials where only volume
measurement is possible, the mass can be calculated by using the measured density of the material. In
the context of IAEA safeguards, bulk measurement is necessary in connection with sampling and is
done just before samples are taken. The sample related bulk data collected on-site by the IAEA
inspector concomitantly with the sampling include the mass (or volume and density) of the sampled
items or batches as declared by the facility operator and verified by the inspector.
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7.6. Matrix
The non-nuclear part of nuclear material. In some cases, the matrix material can influence
considerably the response of the measuring equipment and therefore the measurement results. For
example, the presence of hydrogen or fluorine in a matrix can impact on results obtained through the
use of a neutron coincidence counting technique (see No. 7.30).
7.7. Sample
A part or quantity selected from a larger group of items or quantity of material for inspection or
analysis. The term has two meanings:
(a)

(b)

In statistical sampling, a sample is a subset of items selected by some deliberate process from a
defined group (population) of items and evaluated to gain information about the whole group
(population).
In material sampling for analysis, a sample is a small quantity of material taken from one item
or container for measurement. A composite sample is obtained by taking several quantities
from one or more containers, mixing them together and then selecting one or more aliquots for
measurement.

7.8. Random sampling
The process of selecting samples in such a manner that all items in a population have the same
probability of being selected. The selections should be made by using random number lists or random
number generators, not by haphazard or subjective means.
7.9. Systematic sampling
The process of selecting samples in a repeated pattern, such as every 11th item or at fixed time
intervals, from a continuing process. The selection of the first item determines the selection of all
other items; therefore the first item must be selected at random unless it is known that the variability
from item to item is negligible. Systematic sampling can result in bias if the population characteristics
vary systematically in the sequence or vary in a cyclic manner.
7.10. Representative sample
A sample which is typical in respect of certain specified characteristics of the population or material
from which the sample is collected. For example, in statistical sampling, selecting only large units
from a mixed population of large and small units would give a sample that is typical of the large
units; however, it would be a non-representative sample of the mixed population. To obtain a
representative sample of this mixed population, the population should first be divided into two
separate groups (strata) (see No. 6.37) of large and small items and these groups sampled separately.
In material sampling, homogenization of material (e.g. solutions) prior to sampling may be required
to obtain a representative sample.
7.11. Calorimetry
A method used for determining the amount of Pu in a sample by measuring its thermal power
emission and converting this measurement to Pu quantity by using the abundances of Pu isotopes and
of Am measured separately, and standard values of the thermal emission rates of the Pu isotopes and
Am.
7.12. Assay
A measurement which establishes the quantity and composition of nuclear material present in the
items being measured; the term is also used as a synonym of ‘analysis’. There are two methods used:
destructive analysis (see No. 7.13) and non-destructive assay (see No. 7.24).
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7.13. Destructive analysis (DA)
Determination of nuclear material content and, if required, of the isotopic composition of chemical
elements present in the sample. Destructive analysis normally involves destruction of the physical
form of the sample. In the context of IAEA safeguards, determination of the nuclear material content
of an item sampled usually involves:
(a) Measurement of the mass of the sample;
(b) The taking of a representative sample;
(c) Sample conditioning (if necessary) prior to shipment to the Safeguards Analytical Laboratory for
analysis (see No. 7.33);
(d) Processing of the sample to the chemical state required for the analysis (e.g. dissolution in nitric
acid);
(e) Determination of the concentration of the nuclear material (U, Pu, Th) present in the sample (i.e.
elemental analysis) using, inter alia, techniques described in Nos 7.14–7.18;
(f) Determination of the isotopic abundance ratios of U or Pu isotopes (i.e. isotopic analysis) using,
inter alia, techniques described in Nos 7.20–7.23.
7.14. Chemical titration
A method of chemical analysis whereby an unknown amount of an element or compound is made to
react with an exactly measured amount of reagent of known composition, leading to the completion
or characteristic end point of a well known stoichiometric chemical reaction. Titration methods are
designated, inter alia, according to the mode of detection of the end point, e.g. potentiometric and
spectrophotometric titration. The Safeguards Analytical Laboratory uses potentiometric titration for
the determination of U and Pu content in milligram to gram size samples of non-irradiated nuclear
materials (see No. 7.33).
7.15. Controlled potential coulometry
An electrochemical method for measurement of element concentration whereby the element to be
analysed is selectively oxidized or reduced at a metallic electrode maintained at a controlled
potential. The number of electrons (coulombs) used in the electrolysis is measured. The method is
used at the Safeguards Analytical Laboratory to determine Pu (see No. 7.33).
7.16. Gravimetric analysis
A technique whereby the element to be analysed is quantitatively separated and transformed to a well
defined and very pure chemical compound which is accurately weighed and related to the
stoichiometric quantity of the element to be analysed in the compound. At the Safeguards Analytical
Laboratory, ignition gravimetry is used for determining U and Pu concentrations in oxides by
converting them to stoichiometric U3O8 for U and PuO2 for Pu (see No. 7.33).
7.17. Isotope dilution mass spectrometry (IDMS)
Measurement of the total U or Pu in a sample by introducing a known quantity of a tracer isotope
normally absent or of low abundance in the sample (e.g. 233U for U, 242Pu or 244Pu for Pu), measuring
the abundances of all isotopes present in the sample with a mass spectrometer, and then determining
the unknown by multiplying the isotope ratios observed by the quantity of tracer. This technique is
generally used for highly radioactive reprocessing dissolver solutions.
7.18. K-edge densitometry
A technique for measuring the U or Pu concentration in solutions by determining the ratio of the
transmission of photons whose energies closely bracket the K-electron absorption edge of the U or
Pu. Hybrid instruments combining K-edge densitometry and X ray fluorescence analysis are used for
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determining U and Pu concentrations in mixed solutions, including highly radioactive spent fuel
solutions.
7.19. Resin bead technique
Used to selectively absorb (isolate from fission products) U and Pu onto a resin bead (or beads) in
preparation for isotopic analysis by thermal ionization mass spectrometry: one resin bead containing
nanogram amounts of U and Pu is placed on a metal filament for the analysis. This method is suited
to the measurement of reprocessing dissolver or highly active waste solutions.
7.20. Mass spectrometry
A technique of isotopic analysis whereby small quantities of a sample are ionized, formed into a
beam and passed through a strong magnetic field which deflects the ions according to their masses,
thereby producing a mass spectrum on a fixed detector. The intensities of the deflected beams of ions
of different masses are measured to yield the isotopic ratios (see Nos 7.21 and 7.22).
7.21. Gas mass spectrometry
A technique whereby gas samples (typically UF6) are introduced and multiple detectors are used to
simultaneously collect ions of different masses and provide measurements of isotopic ratios with high
precision.
7.22. Thermal ionization mass spectrometry (TIMS)
A technique (also called surface ionization mass spectrometry) whereby picogram to microgram
quantities of a sample are deposited on a metallic filament which is then heated to 1600–2000ºC in a
high vacuum; this results in ionization of the sample. The ion beams from the different isotopes
present in the sample are separated in a mass spectrometer and collected either sequentially in a
single detector or simultaneously in a set of multiple detectors to yield isotopic ratios. The technique
is extensively used at the Safeguards Analytical Laboratory (see No. 7.33). Highly accurate results
require that sample cross-contamination be minimized.
7.23. Alpha spectrometry
Measurement of the energy spectrum of alpha particles to determine the abundance of alpha emitting
isotopes such as 238Pu in the material measured. At the Safeguards Analytical Laboratory, the
technique is used in parallel with isotope dilution mass spectrometry for the analysis of spent fuel
samples (see No. 7.33).
7.24. Non-destructive assay (NDA)
A measurement of the nuclear material content or of the element or isotopic concentration of an item
without producing significant physical or chemical changes in the item. It is generally carried out by
observing the radiometric emission or response from the item and by comparing that emission or
response with a calibration based on essentially similar items whose contents have been determined
through destructive analysis (see No. 7.13). There are two broad categories of NDA:
(a)
(b)

Passive analysis (assay), in which the measurement refers to spontaneous emissions of neutrons
or gamma rays or to the total decay energy;
Active analysis (assay), in which the measurement refers to a stimulated emission (e.g. neutron
or photon induced fission).

7.25. Gamma ray spectrometry
Measurement of the energy spectrum and intensity of gamma rays incident upon a detector for the
purpose of establishing the total amount of the source isotopes in the item measured and the identity
and abundance of the contributing isotopes; this is done by referencing the measured spectrum to
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those obtained from standards in known quantities under well defined geometrical configurations.
The energy resolution of the method depends on the detector used: when a high resolution detector,
such as a Ge detector, is used, neighbouring gamma ray energy lines are usually well separated. High
resolution gamma ray spectrometry is essential for Pu isotopic analysis and analysis of the spectra of
fission products in spent fuel, while gamma ray spectrometry measurements of U enrichment can
normally be done with lower resolution, e.g. with sodium iodide (NaI) detectors. There are several
types of portable multichannel analyser used by IAEA inspectors for gamma ray spectrometry
measurements in the field, and the technique has also been adapted for use in verifying spent fuel in
storage pools.
7.26. Gamma ray scanning
Measurement of gamma ray emission as a function of position along an item, e.g. measurement of the
gamma ray emission profile along a fuel rod to verify its loading with pellets.
7.27. Scintillation detector
A device which responds to incident gamma rays or neutrons by emitting light scintillations. The
most common scintillator for gamma rays is sodium iodide (NaI); for neutrons, a variety of organic
and inorganic liquid and solid scintillators can be employed.
7.28. Semiconductor detector
A device which detects gamma rays by means of the induced charge displacement in a
semiconducting material, e.g. Ge, cadmium telluride (CdTe) or cadmium zinc telluride (CdZnTe).
Semiconductor detectors are characterized by good energy resolution but some (e.g. Ge detectors)
require cooling with liquid nitrogen.
7.29. Neutron counting
Measurement of neutron emission from nuclear material, the emission being either spontaneous or
induced by irradiation with neutron sources, in order to identify and measure the nuclear material.
Detection of neutrons is normally accomplished by utilization of a neutron induced reaction (e.g. with
10
B or 3He), resulting in the production of a charged particle which can be detected by its ionizing
effect. In an application to verify irradiated fuel assemblies in storage pools, a ‘fork detector system’
is used that combines neutron counting with gamma ray detection.
7.30. Neutron coincidence counting
A technique that detects prompt neutrons from spontaneous or induced fission in a sample and
distinguishes them from neutrons from other sources (such as α,n) reactions) by separating detected
events that occur closely together in time (correlated events) from those that are randomly distributed
in time. The correlated events are counted to produce a measurement result indicative of the amount
of fissionable isotopes in the sample. The high level neutron coincidence counter (HLNCC) has been
designed to handle high count rates and therefore large samples of Pu. The active well coincidence
counter (AWCC) incorporates an isotopic source (e.g. AmLi) that randomly produces neutrons used
to interrogate a fissionable sample. The prompt neutrons from the induced fission are then detected to
verify large samples of U. The sensitivity of this active non-destructive assay device is higher than
that of the passive HLNCC. Various instruments have been developed which incorporate this
technology and are adapted for the verification of specific nuclear material items, such as light water
reactor fuel assemblies or fast reactor fuel elements.
7.31. Neutron multiplicity counter
A variation on the coincidence counting technique described in No. 7.30. Coincidence counting
involves measurement of the total number of neutrons detected (singles rate) and a statistical
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determination of the number of 2-fold coincidences (doubles rate) by analysing the time history of the
detected neutrons. The measurement of large Pu or U samples with neutron coincidence counting
requires additional assumptions and mathematical analysis to account for neutron multiplication and
to accurately determine nuclear material mass. Multiplicity counting includes circuitry to determine
higher order coincidences (e.g. triples rate); this allows the direct measurement of neutron
multiplication without additional assumptions. This technique is useful to measure impure nuclear
materials where the assumptions required for 2-fold coincidence counting are not met. Multiplicity
counters usually have a very high efficiency (>60%) because this is needed to measure 3-fold, or
higher order, coincidences with reasonable counting times.
7.32. Cerenkov radiation detection
A method for qualitative verification of irradiated nuclear fuel in storage pools. Irradiated fuel emits
fast electrons that induce a characteristic blue glow in water. Electro-optical image intensifiers have
been adapted to observe this glow from above a storage pool. They are optimized for ultraviolet
radiation and are capable of operating with facility lights turned on. When aligned vertically above
the tops of fuel assemblies, a Cerenkov viewing device can distinguish irradiated fuel items from
non-fuel items.
7.33. Safeguards Analytical Laboratory (SAL)
The IAEA’s laboratory, located in Seibersdorf, Austria, which is responsible for destructive analysis
of nuclear material samples as well as for handling and analysis of environmental samples for
safeguards purposes. (See also No. 9.12.) The SAL also provides support to both destructive analysis
and environmental sampling programmes through the supply of sampling materials, quality assurance
and training of IAEA inspectors.
7.34. Network of Analytical Laboratories (NWAL)
A group of laboratories in IAEA Member States that have been approved to analyse safeguards
samples and to assist the Safeguards Analytical Laboratory in analysis of nuclear material and
environmental samples (see Nos 7.33 and 9.13).
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8. CONTAINMENT, SURVEILLANCE AND MONITORING
The IAEA’s safeguards approach for a facility is based on nuclear material accountancy as a
safeguards measure of fundamental importance, complemented by containment and surveillance
(C/S) measures and monitoring. The most desirable combination of C/S measures and monitoring is
that which permits the safeguards objectives to be achieved at acceptable costs and with minimum
intrusion into routine facility operations. Monitoring devices may perform C/S functions, verify the
flow of nuclear material items by counting the items and measuring the amount of nuclear material in
them, or use an attributes test with a ‘yes/no’ result to ensure that no movements of radioactive
material occur. Monitors are used in an unattended mode and sometimes with remote data
transmission. For more information on this subject see [IAEA/NVS/1].
CONTAINMENT AND SURVEILLANCE
8.1. Containment
Structural features of a facility, containers or equipment which are used to establish the physical
integrity of an area or items (including safeguards equipment or data) and to maintain the continuity
of knowledge of the area or items by preventing undetected access to, or movement of, nuclear or
other material, or interference with the items. Examples are the walls of a storage room or of a
storage pool, transport flasks and storage containers. The continuing integrity of the containment
itself is usually assured by seals or surveillance measures (especially for containment penetrations
such as doors, vessel lids and water surfaces) and by periodic examination of the containment during
inspection.
8.2. Surveillance
The collection of information through inspector and/or instrumental observation aimed at detecting
movements of nuclear material or other items, and any interference with containment or tampering
with IAEA equipment, samples and data. Surveillance may also be used for observing various
operations or obtaining relevant operational data. IAEA inspectors may carry out surveillance
assignments continuously or periodically at strategic points.
8.3. Containment/surveillance device (C/S device)
An item of equipment used to perform a C/S function and capable of providing its own C/S results
(see No. 8.8).
8.4. Optical surveillance device
A device used to provide, for later review, a visual record of activities in a defined field of view; it is
used to monitor movements of material or handling of equipment under surveillance during the
absence of the inspector. Surveillance systems, often comprising several surveillance devices, are
used at spent fuel storage pools and storage areas and on a temporary basis during reactor refuelling.
The frequency of recording images is set as needed for the activities of interest to be recorded. It is
set in accordance with the estimated time required for the activities that are intended to be recorded
by the system, while these activities are in the field of view of the system. The exchange of data
storage media items (e.g. tapes or disks) and the evaluation of the recorded information are
implemented in accordance with the capacity of the system and the timeliness requirements. Some
surveillance systems are used in remote monitoring applications (see No. 8.16). Current surveillance
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systems use video equipment configured as single or multicamera systems, which provide for fixed
interval, random or triggered picture taking, and involve digital data processing; some earlier systems
were designed to use automatically triggered film cameras.
8.5. Seal
A tamper indicating device used to join movable segments of a containment in a manner such that
access to its contents without opening the seal or breaking of the containment is difficult. A sealing
system comprises the containment enclosing the material to be safeguarded, the means of applying
the seal (e.g. a metal wire) and the seal itself. All three components must be examined in order to
verify that the sealing system has fulfilled its function of ensuring continuity of knowledge of the
identity and integrity of the material concerned. Seals in use by the IAEA include metal cap seals
with tamper indicating features, as well as ultrasonic and electronic seals with fibre optic loops, and,
for short time applications, tamper indicating paper tape seals. Sealing systems may be applied:
(a)
(b)
(c)

On safeguarded material or equipment to maintain the continuity of knowledge of the sealed
contents between inventory verifications, and during shipment from one facility to another;
On the operator’s equipment (e.g. a crane) to monitor any use that would make possible the
undeclared removal of nuclear material;
On IAEA property (equipment, samples, standards, data, etc.) to prevent undetected tampering
with it.

8.6. Containment/surveillance measures (C/S measures)
The application of containment and/or surveillance to complement nuclear material accountancy. The
use of C/S measures is aimed at verifying information on movement of nuclear or other material,
equipment and samples, or preservation of the integrity of safeguards relevant data. In many instances
C/S measures cover the periods when the inspector is absent, thus ensuring the continuity of
knowledge for the IAEA and contributing to cost effectiveness. Containment/surveillance measures
are applied, for example:
(a)
(b)
(c)
(d)

During flow and inventory verification, to ensure that each item is verified without duplication
and that the integrity of samples is preserved;
To confirm that there has been no change to the inventory previously verified and thus reduce
the need for remeasurement;
To ensure that IAEA equipment, working papers and supplies have not been tampered with;
If necessary, to isolate (‘freeze’) nuclear material that has not been verified until it can be
measured.

The indication of an anomaly (see No. 3.26) by C/S measures does not necessarily by itself
indicate that material has been removed. The ultimate resolution of C/S anomalies is provided by
nuclear material verification. If any C/S measure has been, or may have to be, compromised, the
IAEA shall, unless agreed otherwise, be notified by the fastest means available. Examples of
compromising might be seals which have been broken inadvertently or in an emergency, or seals of
which the possibility of removal after advance notification to the IAEA has been agreed upon
between the IAEA and the State.
8.7. System of containment/surveillance measures (C/S system)
A combination of containment and/or surveillance measures (see No. 8.6). Each C/S system is
designed to meet a purpose specified in the IAEA’s safeguards approach. To increase reliability, a
C/S system can include one or several C/S devices (see No. 8.3). Containment/surveillance devices
and containment may be used in such a way that each plausible diversion path (see No. 3.7) is
covered by at least one device (single C/S). For redundancy purposes, C/S devices may be backed up
(duplicated) by a similar device. In a dual C/S system, each plausible diversion path is covered by
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two C/S devices that are functionally independent and are not subject to a common tampering or
failure mode (dual C/S), e.g. two different types of seal, or seals plus surveillance. Dual C/S is
normally applied where the verification of nuclear material is difficult to perform, in order to increase
confidence in the C/S results and reduce the requirements for periodic reverification.
8.8. Containment/surveillance results (C/S results)
The evaluation of the information provided by a C/S system (see No. 8.7). An ‘acceptable’ C/S result
is obtained when the C/S device (see No. 8.3) has functioned as specified, its data confirm the
validity of the operator’s declarations and there is no evidence of tampering (see No. 8.12). Where a
dual C/S system is used, an acceptable C/S result is obtained when both C/S devices function as
specified, their data confirm the validity of the operator’s declarations and there is no evidence of
tampering. A C/S system may give a ‘not acceptable’ result caused, for example, by a broken seal or
interruption in facility lighting. Such a case requires that follow-up actions be implemented as
established in the applicable IAEA safeguards approach (see No. 3.1). ‘Inconclusive’ C/S results may
be caused by a normal operational activity that has been declared to the IAEA in advance by the
operator.
8.9. Containment/surveillance technical capability (C/S technical capability)
The anticipated performance of C/S in a specific application; it involves consideration of:
(a) The precise specification of the function of the C/S system (inter alia, which part of the
operator’s data can be confirmed by the system);
(b) The selection of C/S equipment with sensitivity, tamper resistance, data (image) quality and
authentication, and reliability adequate to perform the intended function;
(c) The installation and servicing of the C/S devices in a manner which will maintain their
performance at the intended level;
(d) The frequency of review of the C/S data;
(e) Measures for the prevention of false alarms.
8.10. Vulnerability assessment
An assessment of a safeguards system to determine the degree of its vulnerability to attacks by
potential adversaries attempting to alter, remove or replace the genuine data handled by the system,
or to gain unauthorized access to the data. Vulnerability assessments for IAEA equipment systems
operating in an unattended mode are often performed by third-party laboratories.
8.11. Tampering
Interference in an unauthorized and undeclared manner to defeat the integrity of C/S or other
safeguards equipment.
8.12. Tamper indication
Physical evidence of tampering with C/S or other safeguards equipment.
8.13. Tamper resistance
Features incorporated into a device (or procedures associated with its use) intended to make
tampering more difficult or reduce the probability that tampering could take place without detectable
tamper indications. IAEA C/S equipment is designed to have a high degree of tamper resistance. It is
installed in sealable tamper indicating enclosures. The enclosure surfaces are coated with a tamper
indicating material (e.g. anodized aluminium), the hinges are not accessible when the enclosure is
closed, and the cable and ventilation entries are protected against probes or other unauthorized tool
insertion.
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8.14. Surveillance review system
Equipment used to review surveillance data recorded by surveillance systems. Because of the high
number (many thousands) of images to review, the review process is time consuming, and must be
arranged so as not to miss any important data. Automatic review systems allow the inspector to
define regions of interest in the recorded field of view, and the system then selects for the inspector’s
examination only those images where some movement is recorded within the defined regions. These
review systems shorten the review time considerably and have been also shown to increase the
technical capability of surveillance by identifying more reliably all images with safeguards relevant
activities.
MONITORING
8.15. Unattended monitoring
A special mode of application of non-destructive assay (see No. 7.24) or C/S measures (see No. 8.6),
or a combination of these, that operates for extended periods without inspector intervention. The use
of unattended safeguards instruments has long been a part of IAEA safeguards. Optical surveillance
used to monitor an area for safeguards relevant activities over extended periods is unattended.
Unattended radiation detection sensors are used to monitor the flow of nuclear material in a facility
process area. For unattended monitoring, certain criteria must be met, including measures to ensure
data authentication (see No. 8.22) and encryption (see No. 8.23).
8.16. Remote monitoring
A technique whereby safeguards data collected by unattended C/S, monitoring and measurement
systems are transmitted off-site via communication networks (to IAEA Headquarters, a regional
office or another IAEA location) for review and evaluation. The system’s internal recording
capability is used for backup purposes. Remote monitoring may provide better utilization of
equipment, better planning of inspections and a reduction in the inspection effort needed to meet
verification requirements. These systems transmit data ranging from equipment state of health data to
verification data. The use of redundancy is particularly applicable for unattended C/S and monitoring
devices. For data sent over unsecured transmission lines, authentication (see No. 8.22) and encryption
(see No. 8.23) are required.
8.17. Monitor
A device used to provide information on the flow of nuclear or other material, or on the status of a
nuclear facility or equipment. Examples of monitors are given in Nos 8.18–8.21.
8.18. Core discharge monitor (CDM)
A radiation monitoring system that monitors the charging and discharging of irradiated fuel bundles
to and from the core of an on-load refuelled power reactor.
8.19. Spent fuel bundle counter
A radiation monitoring system that counts irradiated fuel bundles as they are discharged to the spent
fuel storage bay of an on-load refuelled power reactor.
8.20. Reactor power monitor
Neutron monitoring system placed outside the reactor biological shield to monitor the power level of
the reactor.
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8.21. Radiation passage monitor
A device used to detect, by the radiation emitted, the passage of nuclear material through openings in
a containment. For example, dosimeters, such as thermoluminescent dosimeters, can be used as
‘yes/no monitors’ to confirm the absence of irradiated fuel removals.
8.22. Authentication
Measures providing the assurance that genuine information has originated from a known source
(sensor) and has not been altered, removed or replaced. In the case of digital data, the use of certified
authentication algorithms contributes significantly to an adequate level of data authentication in
unattended equipment systems.
8.23. Encryption
The rendering of information unintelligible by effecting a series of transformations to the normal
representation of the information through the use of variable elements controlled by the application of
an encryption key. The use of certified encryption algorithms, complemented by a rigorous
enforcement of encryption key security procedures, is meant to provide an adequate level of
information security.
8.24. Equipment state of health data
Data on the operating status of equipment, especially information that provides an indication of any
(potential) malfunction, limitation on the equipment capacity to operate as planned, or tampering.
Receiving state of health data with a sufficient frequency makes it possible to detect failures of
equipment or tampering early enough for remedial actions to be implemented to satisfy the timeliness
requirements.
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9. ENVIRONMENTAL SAMPLING
Environmental sampling is one of the IAEA’s safeguards measures which contributes to the
assurance of the absence of undeclared nuclear material and activities. Collection of environmental
samples combined with ultrasensitive analytical techniques, such as mass spectrometry methods,
particle analysis and low level radiometric techniques, can reveal information about past and current
activities related to the handling of nuclear material. For more information on this subject see
[IAEA/NVS/1].
9.1. Environmental sampling (ES)
In the context of IAEA safeguards, the collection of samples from the environment with a view to
analysing them for traces of materials that can reveal information about nuclear material handled or
activities conducted. The media sampled include various surfaces (e.g. of equipment and building
structures), air, water, sediments, vegetation, soil and biota. The application of ES usually involves
two stages: baseline sampling is performed to establish a reference ‘environmental signature’, and
routine sampling is subsequently performed to obtain data that can be compared for consistency with
the established baseline environmental signature and the declared operations. Under [540], provision
is made for the collection of environmental samples by IAEA inspectors at locations beyond those to
which inspectors have access for inspections and visits under safeguards agreements (see No. 11.14).
9.2. Location specific environmental sampling
“the collection of environmental samples (e.g. air, water, vegetation, soil, smears) at, and in the
immediate vicinity of, a location specified by the Agency for the purpose of assisting the Agency to
draw conclusions about the absence of undeclared nuclear material or nuclear activities at the
specified location” [540, Article 18.f].
9.3. Wide area environmental sampling
“the collection of environmental samples (e.g. air, water, vegetation, soil, smears) at a set of locations
specified by the Agency for the purpose of assisting the Agency to draw conclusions about the
absence of undeclared nuclear material or nuclear activities over a wide area” [540, Article 18.g].
Article 9 of [540] provides that the IAEA shall not seek access to locations specified for wide area
environmental sampling until the use of such sampling and the procedural arrangements therefor have
been approved by the IAEA Board of Governors and following consultations between the IAEA and
the State.
9.4. Swipe sampling
The collection of environmental samples by swiping a surface with a piece of ultraclean medium
(such as cloth) to remove from the surface traces of materials present.
9.5. Point sample
An environmental sample taken in one particular area to characterize one source of released material
which can be found in a contiguous area adjacent to a release point.
9.6. Composite sample
In environmental sampling, a sample taken in several areas to characterize multiple sources of a
released material that is expected to be found in separate areas more than a few metres apart.
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9.7. Control sample
A swipe sample taken from the surface of the collector’s and assistant’s hands which can be used to
check for cross-contamination from the sampling team.
9.8. Cross-contamination
Unintended introduction of material to the sample which could lead to false results. Possible sources
of cross-contamination are the sampling medium itself, the sampling kit, another sample, the
sampling team and/or post-sampling handling, including analysis.
9.9. Baseline environmental signature
Data, derived from the analysis of environmental samples taken at, and in the vicinity of, a location,
that characterize nuclear materials handled and activities conducted at that location. Any
inconsistencies between the results of the analyses and the declared activities at the location are
followed up with the SSAC and the facility operator concerned. The baseline environmental signature
is used as a reference to evaluate the analytical results for environmental samples collected
subsequently.
9.10. Sampling team
Except for sampling inside hot cells, a team of at least two persons performing swipe sampling: a
sampler (collector) and an assistant, working according to the procedures intended to keep the risk of
cross-contamination during the sampling process as low as possible. The sampler comes into direct
contact with the piece of cloth used to take swipe samples; the assistant does not, except when taking
a control swipe sample. In the case of swipe sampling inside hot cells, the facility operator is
responsible for the collection, handling and packaging of swipe samples under the direction of the
IAEA inspector.
9.11. Sampling kit
A kit of items to be used for taking environmental samples, preassembled in a strictly controlled
environment of a clean laboratory to guarantee the absence of unacceptable contamination. There are
two types of kit used for swipe sampling:
(a)
(b)

A standard swipe sampling kit containing several pieces of cotton cloth or other sampling
media, intended to be used for point or composite sampling;
A hot cell sampling kit with several sampling tools, intended for sampling inside hot cells.

9.12. IAEA Clean Laboratory for Safeguards
A unit of the Safeguards Analytical Laboratory (see No. 7.33) that provides analytical services to
support the environmental sampling programme of the Department of Safeguards of the IAEA. The
Clean Laboratory is responsible for the provision and certification of sampling kits and for the
receipt, screening and distribution of environmental samples taken by IAEA inspectors. The facility
maintains part of its laboratory space at ‘Class 100’ cleanliness level in order to reduce to an
acceptable level the risk of cross-contamination that might lead to incorrect safeguards conclusions.
9.13. Screening measurement
Measurement performed on each environmental sample received at the IAEA Clean Laboratory for
Safeguards (see No. 9.12) to determine its radioactivity level and to detect the presence of any
actinide elements (primarily uranium and plutonium) and fission or activation products. This is
usually performed using the method of gamma ray spectrometry (see No. 7.25). Following the
screening measurements, and depending on the sampling objective, samples are distributed to
laboratories of the Network of Analytical Laboratories (see No. 7.34) for analyses in bulk and/or
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particle analysis modes, are subjected to further measurements in the IAEA Clean Laboratory for
Safeguards or are archived.
9.14. Bulk analysis
Analysis of environmental samples by methods that measure each sample as a whole, thus providing
information about the average composition of the sample.
9.15. Particle analysis
Analysis of environmental samples in which micrometre size particles are removed from the samples
for analysis involving the measurement of the size and the morphology of the particles, and their
elemental and isotopic composition.
9.16. Fission track analysis
A technique used to isolate particles from an environmental sample by removing particles from the
sample, spreading them on a fission track detector material, irradiating the detector with thermal
neutrons and etching the fission tracks to identify the location of particles containing fissile isotopes
(e.g. 239Pu or 235U). This method can be combined with thermal ionization mass spectrometry (TIMS)
(see No. 7.22) to provide the isotopic composition of uranium and plutonium in individual particles.
9.17. Scanning electron microscopy (SEM)
A technique used to analyse particles from an environmental sample by depositing them on a
conducting substrate and examining them under high (1000–5000 ×) magnification. The
backscattered electron signal can be used to locate particles containing heavy elements. The heavy
element particles can subsequently be subjected to a semiquantitative elemental analysis by electron
excited X ray fluorescence spectrometry.
9.18. Secondary ion mass spectroscopy (SIMS)
A technique for measuring the isotopic composition of nuclear material in micrometre size
environmental particles by mounting them on a conducting substrate and bombarding them in
vacuum with energetic ions. This results in the ejection of secondary ions which are analysed by a
mass spectrometer to measure the isotopic composition of uranium and plutonium in the particle.
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10. STATISTICAL CONCEPTS AND TECHNIQUES FOR NUCLEAR
MATERIAL VERIFICATION
Material balance accounting is an integral part of nuclear material verification. A requirement of
material balance accounting is that the amounts of nuclear material in all components of the material
balance equation are measured. The measurement results are subject to uncertainty due to errors
that are inherent in all measurement systems. Statistical concepts and techniques are used to estimate
the measurement uncertainty associated with nuclear material amounts and to establish and maintain
control over the quality of measurements. They are further used in the formulation of sampling plans
for nuclear material accountancy and verification, and as a basis for tests of statistical safeguards
significance involved in the formulation of safeguards conclusions by the IAEA. For more
information on this subject see [SCT].
10.1. Material balance evaluation
Performed whenever the material balance is closed to determine if any non-zero MUF (material
unaccounted for) (see No. 6.43) can be explained by measurement uncertainty or reflects other
causes. In the material balance evaluation as performed by a facility operator, the uncertainties
associated with the measurement system used to determine the declared amounts of material, which
make up each of the four components of the material balance equation (see Nos 6.42 and 6.43), are
applied to the item or stratum amounts to determine the uncertainty of the material balance (σMUF).
The material balance evaluation as performed by the IAEA includes:
(a)
(b)
(c)
(d)
(e)

Evaluation of the operator’s declared MUF and of the cumulative MUF (see Nos 6.43 and
6.44, respectively);
Evaluation of the operator–inspector difference (see No. 10.3) for strata verified by the IAEA
and for the material balance;
Evaluation of the inspector’s estimate of MUF (see No. 10.2);
Evaluation of the shipper/receiver difference (SRD) and of the cumulative SRD (see Nos 6.45
and 6.46, respectively);
Comparison of σMUF with the international standards of accountancy (see No. 6.35) to
determine if the operator’s measurement system is adequate for safeguards purposes.

Note: MUF evaluation applies only to bulk handling material balance areas; SRD evaluation applies
only to facilities that declare SRDs.
10.2. Inspector’s estimate of MUF
In theory, the algebraic sum of the inspector measured amounts of material in the strata that comprise
the four components of the material balance equation (see Nos 6.42 and 6.43). In practice, an
inspector stratum amount is generally derived from measurement of a random sample of items (see
No. 7.8) and is based on the operator stratum amount. For those strata that are not measured by the
inspector, the operator’s estimate of the stratum amount is accepted for calculation of the inspector’s
estimate of MUF. The inspector’s estimate of MUF provides a higher probability of detecting
diversion into D (see No. 10.6) than the ‘D statistic’ (see No. 10.3). When most of the major strata
have been measured by the inspector, the statistic is capable of detecting both diversion into MUF
(see No. 10.4) and diversion into D. MUF – D, the difference between the operator’s estimate of
MUF and the operator–inspector difference D, is an inspector’s estimate of MUF.
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10.3. Operator–inspector difference
The difference between the facility operator’s declared value and the IAEA inspector’s measured
value for the quantity of nuclear material in an item, batch or stratum. The operator–inspector
difference (i.e. the ‘D statistic’) can be calculated for a material balance by algebraically summing up
all of the stratum differences relating to the four components of the material balance equation (see
Nos 6.42 and 6.43). Statistically significant operator–inspector differences (see No. 10.26) are
indicators of a possible diversion (diversion into D) (see No. 10.6) at both item material balance areas
(MBAs) and bulk handling MBAs. They are evaluated at each level (item, batch, stratum and material
balance) to determine if the difference can be explained by measurement uncertainty. When the
difference cannot be explained by measurement uncertainty, further investigation is necessary to
ensure that nuclear material has not been lost or diverted.
10.4. Diversion into MUF
A concealment method (see No. 3.9) in which an amount of declared material M is removed from a
material balance area and the accounting records are adjusted to account for the amount M removed.
Because the operator’s accounting records reflect the removal of M, there is no falsification of these
records. This diversion strategy causes an imbalance in the MUF equation, and the diversion amount
M shows up as part of a non-zero MUF (see No. 10.1). The diverter assumes that the uncertainty of
MUF (δMUF) (see No. 6.43) would be large enough to hide the removal. This type of diversion may be
detected through observation of an unexpectedly large value of MUF. However, if δMUF is large
because measurement quality is poor or because there are large quantities of material accounted for
improperly, then the diversion of M can be concealed.
10.5. Diversion into SRD
A concealment method (see No. 3.9) similar to diversion into MUF (see No. 10.4) but involving the
transfer of nuclear material between safeguarded material balance areas. Diversion can be detected by
statistical evaluation of the shipper/receiver difference (see No. 10.1).
10.6. Diversion into D
A concealment method (see No. 3.9) in which the diverter removes an amount of declared material M
but does nothing to the operator’s accounting records to hide the diversion. The accounting records
are therefore now false (and have thus been falsified). The diversion causes a discrepancy (i.e. defect)
(see No. 10.7) between the material declared to be present and the material actually present. The only
way to detect the diversion is for the inspector to measure the container(s) from which M was
removed and to compare the measured value with the operator’s declared value. The scheme is
referred to as diversion into D because it can be detected through observation of an unexpectedly
large value of the D statistic. Diversion into D can be concealed if measurement quality is poor and
the variance of D (δD) is large.
10.7. Defect
A difference between the declared amount of nuclear material and the material actually present. For
IAEA verification purposes, three levels of defects are considered:
(a)
(b)
(c)

Gross defect refers to an item or a batch that has been falsified to the maximum extent
possible so that all or most of the declared material is missing.
Partial defect refers to an item or a batch that has been falsified to such an extent that some
fraction of the declared amount of material is actually present.
Bias defect refers to an item or a batch that has been slightly falsified so that only a small
fraction of the declared amount of material is missing.
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10.8. Sample size
The number of items to be verified in order to be able to draw conclusions about the population from
which the sample is taken. In the context of IAEA safeguards the basic formula used for estimating
the total number of samples (n) to be selected in each stratum is:
n = N(1 – β1/d)
where
N

is the number of items in the stratum,

β

is the non-detection probability,

d

is [M/x], the number of defects in the stratum rounded up to the next integer,

M

is the goal amount,

x

is the average nuclear material weight of an item in the stratum.

This formula approximates the sample size that would result from application of the hypergeometric
probability distribution (sampling without replacement). The total sample size (n) may be allocated
among several IAEA accountancy verification methods, specifically methods for detecting gross,
partial and bias defects (see Nos 6.56 and 10.7). Allocation of the total sample size among several
verification methods and other topics related to sample size are discussed in detail in [SCT, Ch.
6.4.2].
10.9. Mean (µ)
A measure of where the centre of an ordered population or probability distribution tends to be
located. The mean is defined in some statistics textbooks as a measure of central tendency.
10.10.

Sample mean (xav)

For a sample of n items (e.g. individual measurement observations), whose values are denoted by x1,
x2,…, xn, the sample mean is theaverage value
n

xav =

∑ x /n
i

i =1

In the case of the normal distribution, this statistic is an unbiased estimate of the population mean (µ).
10.11.

Variance (σ2)

A measure of the dispersion or variability of a population or probability distribution. The variance is
the second moment about the mean.
10.12.

Sample variance (s2)

A measure of the dispersion or variability of a sample, calculated as
n

s2 =

∑ x /n (x – x
i =1

i

i

av)

2

/(n – 1).

The sample variance s is usually taken as an estimate of σ2, the variance of the population from
which the sample has been drawn.
10.13.

2

Standard deviation (σ)

The positive square root of the variance. The standard deviation is expressed in the same units as the
mean value for the population or probability distribution. The relative standard deviation, or
coefficient of variation, is defined as δ = σ/µ, where µ is the mean of the population or distribution.
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10.14.

Error

In general, the amount by which the measured value differs from the ‘true’ value; it is also referred to
as uncertainty. All measurements are subject to error. Sources of measurement error include sampling
(selecting a limited number of items from a population, or a small amount of material from a
container (see Nos 7.8 and 7.9), weighing, volume determination, the analytical technique, instrument
calibration (see No. 7.1) and environmental conditions (such as moisture) or background in the case
of non-destructive assay measurement (see No. 7.24). In nuclear material accountancy terminology,
estimates of error include only those uncertainties attributable to the measurement process, and do not
include mistakes (e.g. transcription mistakes). (See also Nos 10.15 and 10.16.)
10.15.

Random error

A component of measurement error which occurs, in the course of a number of measurements of the
same quantity, in a random way according to some probability distribution, with both positive and
negative deviations from the ‘true’ value. As the number of measurements increases, the mean of
these random deviations approaches zero; consequently, the effect of random error can be reduced by
repeating measurements. Random error is sometimes referred to as measurement precision: the higher
the precision, the smaller the random error.
10.16.

Systematic error (bias)

A component of measurement error which remains constant over a series of replicate measurements.
The mean of the systematic deviations from the ‘true’ value is some value other than zero;
consequently, the effect of systematic error cannot be reduced by repeating measurements.
Systematic error is sometimes referred to as measurement accuracy because it characterizes how
close the measurement is to the ‘true’ value: the higher the accuracy, the smaller the systematic error.
Systematic error is often estimated by measuring standards. Sometimes a bias correction is made to
adjust for systematic error.
10.17.

Residual bias

An unknown systematic error that remains after a bias correction has been applied, i.e. after the
measured values have been corrected for the part of the systematic error that can be estimated by
calibration or by measuring standards.
10.18.

Error propagation

“the determination of the value to be assigned as the uncertainty of a given quantity, using
mathematical formulae for the combination of measurement errors. Error propagation involves many
considerations and the choice of formula for computing the uncertainty depends on the functional
relations of the measurement parameters involved” (from document WASH-1173, Brookhaven
National Laboratory, in [SCT, Ch. 5.1]). For example, the uncertainty (σMUF) of MUF resulting from
closing a material balance (see No. 6.43) can be calculated by the application of the error propagation
formulas that combine the errors of the individual material balance components (see No. 6.42). The
standard deviation of the calculated variance of MUF (or σMUF) is used to evaluate the statistical
significance of MUF (see No. 10.26).
10.19.

Limits of error

Limits set around a measured value using estimates of random and systematic measurement
uncertainty which have been calculated from data acquired over a long period of time. These limits
are the upper and lower bounds of a confidence interval. They are intended to have the same meaning
as the ‘limits of accuracy’ mentioned in para. 30 of [153].
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10.20.

Confidence interval

An estimate of a statistical parameter presented as an interval along the number line within which the
‘true’ value of the parameter lies with a specified probability. In the case of the normal distribution,
the end points of the confidence interval are the same as the confidence limits.
10.21.

Confidence limits

Limits set around a measured value or estimate that express a degree of confidence with regard to the
‘true’ value of the measured or the estimated amount. For example, a confidence interval can be
established for a MUF value (see No. 6.43) by setting the upper limit at MUF + 3σMUF and the lower
limit at MUF – 3σMUF, corresponding to the claim that with 99.73% confidence the ‘true’ value of
MUF lies within this interval. Confidence limits of the interval MUF ± 2σMUF correspond to 95.45%
confidence that the ‘true’ value lies within the calculated interval.
10.22.

Confidence level

Denotes the percentage of instances in which the confidence interval would contain the ‘true’ value
of a statistical parameter if a large number of intervals were to be constructed on the basis of repeated
sampling from the population. For example, if the level selected for establishing the confidence
intervals were 95%, then 95% of the calculated intervals would be expected to contain the ‘true’
value. The probability chosen for the confidence level need not be the same as the detection
probability.
10.23.

Outlier

An observed or measured value that is unusually large or unusually small when compared with a
range of values expected under similar conditions. Because a suspected outlier may or may not be
representative of the population from which it came, it is prudent to examine the circumstances
surrounding the alleged outlier before rejecting it. For example, a mistake might have been made in
recording the data. Statistical analytical methods exist for identifying outliers and for treating them
for the purposes of data evaluation [SCT, Ch. 4.6.3.7]. One is cautioned that discarding outliers can
result in underestimation of variability within the population.
10.24.

Performance values

Estimates of measurement error derived by the IAEA from a statistical analysis of historical
measurement data, specifically the paired operator–inspector difference data (see No. 10.3)
accumulated over a large number of inspections. The estimates are apportioned between the operator
and the inspector and are separated into random error (see No. 10.15) and systematic error (see No.
10.16) components. Performance values are established on a facility, stratum and measurement
method basis and are used for planning safeguards implementation and for safeguards statistical data
evaluation purposes.
10.25.

Test of hypothesis

A test to determine whether or not an assumed (or hypothetical) parameter value is reasonable. In
general, a hypothesis may refer to a characteristic, such as element concentration, or to a statistic,
such as the operator’s declared MUF (see No. 6.43) or the operator–inspector difference (see No.
10.3). The test may involve either a two-sided interval or a one-sided interval (e.g. testing only for
understatements). A hypothesis may also take the form of a statement, e.g. whether or not the
population sampled fits a normal distribution. For example, suppose the hypothesis to be tested
(called the null hypothesis) is that the mean value of element concentration of a batch of UO2 powder
is 82.2%, while the alternative hypothesis is that the mean value is either greater or smaller than
82.2%. For this test, limits of error (see No. 10.19) must be set on both sides of the parameter to

66

establish an interval for testing; the areas beyond the interval are called the critical region. One or
more samples from the batch in question are analysed for element concentration. If the measured
concentration were to lie within the established interval, the null hypothesis would be accepted; if the
measured concentration were to lie in the critical region (see No. 10.32), the null hypothesis would be
rejected.
10.26.

Statistically significant

Describes a conclusion drawn when the null hypothesis is rejected. Safeguards relevant statistics
tested include: operator’s declared MUF (see No. 6.43), inspector’s estimate of MUF (see No. 10.2),
operator–inspector difference (see No. 10.3) and shipper/receiver difference (see No. 6.45). For
example, suppose the null hypothesis is that the expected value of MUF is zero. An interval is
established around the declared MUF value for a given level of confidence and an estimated σMUF. If
zero were to lie within the interval, there would be no reason to reject the null hypothesis that MUF is
zero; thus MUF would not be considered statistically significant. However, if zero were to lie outside
the interval, there would be sufficient evidence to reject the null hypothesis and to conclude that
MUF is not zero; thus MUF would be considered statistically significant.
10.27.

Type I error

In a test of hypothesis (see No. 10.25), rejecting a null hypothesis when the null hypothesis is in fact
true. The probability α of committing a type I error is called the significance level of the test. Since
rejecting a null hypothesis is equivalent to concluding that the hypothesis is false, α is also referred to
as the false alarm probability (see No. 3.17). A type I error in the context of IAEA safeguards might
result in falsely concluding that nuclear material has been lost when in fact no material has been lost.
Therefore the value of α chosen is very small (e.g. 1%).
10.28.

Type II error

In a test of hypothesis (see No. 10.25), failing to reject a null hypothesis when the null hypothesis is
in fact false; this is commonly designated as probability β. Since in the context of IAEA safeguards,
failure to reject a null hypothesis is equivalent to a conclusion that diversion did not occur when in
fact it did occur, the probability β of a type II error is commonly referred to as the non-detection
probability (see No. 3.16).
10.29.

Power of a test

In a test of hypothesis (see No. 10.25), the probability of correctly rejecting a false hypothesis. The
power of the test is a function of the ‘true’ distribution of the population tested. If the overlap of the
hypothetical distribution and the ‘true’ distribution were small, then the power of the test would be
high. If the overlap of the two distributions were large, then the power of the test would be low. In the
case of a large overlap, more data (i.e. a larger sample size) are required to reduce the overlap and
thus increase the power of the test. The power of the test is one minus the probability β of a type II
error (see No. 10.28); in the context of IAEA safeguards, 1 – β is the detection probability (see No.
3.16).
10.30.

Attributes test

A statistical test of a characteristic (or attribute) of an item to which the response is either ‘yes’ or
‘no’. For example, seal verification is an attributes test: the seal is inspected and the result should be
either that it shows evidence of tampering or it does not. Verification of items by non-destructive
assay for radiation emission is also an attributes test: a tested item either emits radiation within a
specified range or it does not. A ‘no’ answer identifies a defect (see No. 10.7).
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10.31.

Variables test

A statistical test which consists of measuring, on a continuous scale, a quantitative characteristic of
an item. Weighing an item and measuring its element concentration by the analysis of a
representative sample are examples of variables tests. When the results of such a quantitative
measurement are used only to decide whether or not the item measured meets a specified criterion,
which is a ‘yes/no’ decision, the test is described as ‘variables in attributes mode’.
10.32.

Critical region

The region outside the bound(s) established for a hypothesis test. If the test results were to lie inside
the critical region (i.e. outside the bound(s)), the hypothesis would be rejected. The reject limit is the
point(s) at which the critical region begins.
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11. VISITS, INSPECTIONS AND
COMPLEMENTARY ACCESS
Safeguards visits and inspections are carried out by IAEA inspectors at facilities or locations outside
facilities (LOFs), in accordance with the provisions of the relevant safeguards agreement. For a
State that also has an additional protocol in force, the IAEA may also conduct complementary access
in that State, as necessary.
VISITS AND INSPECTIONS
11.1. Visit
The presence of IAEA inspectors at a facility for purposes other than a safeguards inspection (see No.
11.2) or complementary access (see No. 11.25); examples of such purposes are the examination and
verification of design information on a facility (see Nos 3.29 and 3.30), fact finding and technical
discussions in connection with the development of safeguards approaches (see No. 3.1), and
negotiations and discussions with facility and State authorities regarding safeguards implementation
matters. Visits are not counted as person-days of inspection (see No. 11.20).
11.2. Inspection
Under an INFCIRC/153-type safeguards agreement, a set of activities carried out by IAEA inspectors
at a facility or a location outside facilities to verify that the nuclear material declared and placed
under safeguards remains in peaceful nuclear activities or is otherwise adequately accounted for.
Three types of inspection may be performed under these agreements: ad hoc, routine and special
inspections (see Nos 11.4, 11.5 and 11.13, respectively). Under an INFCIRC/66-type safeguards
agreement, inspections are performed to verify that the nuclear material declared and placed under
safeguards remains in peaceful nuclear activities or is otherwise adequately accounted for and that the
non-nuclear material, facilities, equipment, services and information specified and placed under
safeguards are not used to further any proscribed purpose. Initial inspections, routine inspections and
special inspections may be performed under such agreements (see Nos 11.3, 11.5 and 11.13,
respectively).
11.3. Initial inspection
Paragraph 51 of [66] provides that an initial inspection may be carried out, if so provided in a
safeguards agreement, to verify that the construction of a principal nuclear facility is in accordance
with the design reviewed by the IAEA. The initial inspection(s) may be carried out as soon as
possible after the facility has come under IAEA safeguards, in the case of a facility already in
operation; or before the facility starts to operate, in the other cases.
11.4. Ad hoc inspection
An inspection performed by IAEA inspectors at a facility or a location outside facilities before a
Subsidiary Arrangement has entered into force (see No. 1.26). Paragraph 71 of [153] provides that the
IAEA may make ad hoc inspections in order to:
(a)
(b)

Verify the information contained in the initial report on the nuclear material subject to
safeguards under the agreement;
Identify and verify changes in the situation which have occurred since the date of the initial
report;
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(c)

Identify, and if possible verify the quantity and composition of, nuclear material before its
transfer out of or upon its transfer into the State.

11.5. Routine inspection
Paragraph 72 of [153] provides that the IAEA may perform routine inspections at a facility or a
location outside facilities in order to:
(a)
(b)
(c)

Verify that reports are consistent with records;
Verify the location, identity, quantity and composition of all nuclear material subject to
safeguards under the agreement;
Verify information on the possible causes of material unaccounted for, shipper/receiver
differences and uncertainties in the book inventory.

According to para. 49 of [66], routine inspections may include, as appropriate:
(a)
(b)
(c)
(d)

Audit of records and reports;
Verification of the amount of safeguarded nuclear material by physical inspection,
measurement and sampling;
Examination of principal nuclear facilities, including a check of their measuring instruments
and operating characteristics;
Check of the operations carried out at principal nuclear facilities and at research and
development facilities containing safeguarded nuclear material.

11.6. Unannounced inspection
An inspection performed at a facility or a location outside facilities for which no advance notice is
provided by the IAEA to the State before the arrival of IAEA inspectors. Paragraph 84 of [153]
provides that, “as a supplementary measure, the Agency may carry out without advance notification a
portion of the routine inspections...in accordance with the principle of random sampling”. Paragraph
50 of [66] makes provision for the IAEA to carry out unannounced inspections.
11.7. Short notice inspection
An inspection performed at a facility or a location outside facilities for which less advance notice is
provided by the IAEA to the State than that provided for under para. 83 of [153].
11.8. Random inspection
An inspection performed at a facility or a location outside facilities on a date chosen randomly.
11.9. Short notice random inspection (SNRI)
An inspection performed both on short notice (see No. 11.7) and randomly (see No. 11.8). SNRIs are
part of a safeguards approach (see No. 3.3) developed for low enriched uranium fuel fabrication
plants subject to safeguards, in order to provide improved coverage of domestic transfers of nuclear
material. SNRIs may also be used at other facility types where the safeguards approach calls for
unpredictably scheduled short notice inspections.
11.10.

Limited frequency unannounced access (LFUA)

A part of a safeguards approach (see No. 3.3) developed for gas centrifuge uranium enrichment plants
subject to safeguards under an INFCIRC/153-type safeguards agreement and operating at a stated
uranium enrichment level of 5% or less. LFUA inspections to cascade areas are designed to permit,
together with inspection activities outside cascade areas, the timely detection of diversion of one
significant quantity (SQ) of uranium, including the production of one SQ of uranium at an enrichment
level higher than that declared, while protecting the sensitive technical information related to the
enrichment process. The LFUA regime, inter alia, secures access with short notice for IAEA
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inspectors to the cascade area of the plant concerned. Inspection activities to be implemented within
the cascade area include visual observation, radiation monitoring and non-destructive assay
measurements, sampling, and application and verification of seals. The activities to be performed and
the frequency of access to the cascade area depend on the design and operation specifics of the plant.
11.11.

Simultaneous inspections

Inspections performed by IAEA inspectors simultaneously or within a short period of time at two or
more facilities in a State in order to detect possible diversions arranged in collusion between facilities
by, for example, the temporary transfer (‘borrowing’) of nuclear material between facilities so that
the same material would be verified twice by the IAEA, once in each of the two facilities inspected.
The facilities may be of the same type (e.g. light water reactors (LWRs) using fuel assemblies of the
same kind), or they may be linked in the same nuclear fuel cycle (e.g. LWRs, fuel fabrication and
reprocessing plants, and spent fuel storage areas).
11.12.

Continuous inspection

An inspection regime intended to maintain continuity of knowledge concerning inventory and flow of
nuclear material by witnessing key operations, recording measurement and operating data, and
verifying the information in order to meet the safeguards objectives. The activities involved may or
may not require the continuous presence of an IAEA inspector or inspectors within the facility.
According to para. 80 of [153], for facilities handling large amounts of plutonium or high enriched
uranium, the inspection effort foreseen may in practice allow for continuous inspection. Provisions
for continuous inspections under INFCIRC/66-type safeguards agreements are given in Annexes I
and II of [66].
11.13.

Special inspection

An inspection is deemed to be special: when it either is additional to the routine inspection effort
provided for in paras 78–82 of [153], or involves access to information or locations in addition to the
access specified in para. 76 of [153] for ad hoc and routine inspections, or both. Paragraph 73 of
[153] provides that the IAEA may make special inspections subject to the procedures for
consultations between the State and the IAEA: in order to verify the information contained in special
reports, or if the IAEA considers that information made available by the State, including explanations
from the State and information obtained from routine inspections, is not adequate for the IAEA to
fulfil its responsibilities under the agreement.
According to paras 53 and 54 of [66], the IAEA may carry out special inspections if: the study of a
report indicates that such inspection is desirable, or any unforeseen circumstance requires immediate
action. The IAEA may also carry out special inspections of substantial amounts of safeguarded
nuclear material that are to be transferred outside the jurisdiction of the State in which it is being
safeguarded, for which purpose the State shall give the IAEA sufficient advance notice of any such
proposed transfer.
11.14.

Access for inspection

Paragraph 76 of [153] provides that IAEA inspectors have access as follows:
(a)

(b)

For the purposes specified in subparas 71(a) and (b) of [153] and until such time as the
strategic points have been specified in the Subsidiary Arrangements, IAEA inspectors shall
have access to any location where the initial report or any inspections carried out in
connection with it indicate that nuclear material is present.
For the purposes specified in subpara. 71(c) of [153], IAEA inspectors shall have access to
any location of which the IAEA has been notified in accordance with subparas 92(c) or 95(c)
of [153].
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(c)

(d)

For the purposes specified in para. 72 of [153], IAEA inspectors shall have access only to the
strategic points specified in the Subsidiary Arrangements and to the records maintained
pursuant to paras 51–58 of [153].
In the event of the State concluding that any unusual circumstances require extended
limitations on access by the IAEA, the State and the IAEA shall promptly make arrangements
with a view to enabling the IAEA to discharge its safeguards responsibilities in the light of
these limitations. The IAEA Director General shall report each such arrangement to the IAEA
Board of Governors.

According to para. 77 of [153], in circumstances which may lead to a special inspection (see No.
11.13), the State and the IAEA shall consult forthwith. As a result of such consultations, the IAEA
may make inspections in addition to the routine inspection effort provided for under paras 78–82 of
[153], and may obtain access in agreement with the State to information or locations in addition to the
access specified under para. 76 of [153] for ad hoc and routine inspections.
Under INFCIRC/66-type safeguards agreements, para. 9 of [39] provides that IAEA inspectors shall
have access to all materials, equipment and facilities to which safeguards are applied.
11.15.

Scope of inspection

paragraph 74 of [153] provides that for purposes of ad hoc, routine and special inspections
performed under INFCIRC/153-type agreements, “the Agency may:
(a)
(b)
(c)
(d)
(e)

Examine the records kept;
Make independent measurements of all nuclear material subject to safeguards under the
agreement;
Verify the functioning and calibration of instruments and other measuring and control
equipment;
Apply and make use of surveillance and containment measures; and
Use other objective methods which have been demonstrated to be technically feasible”.

Activities which the IAEA shall be enabled to perform within the scope of inspection are reflected in
para. 75 of [153] and in the relevant Subsidiary Arrangements (see No. 1.26). The scope of a routine
inspection under an INFCIRC/66-type agreement is described in para. 49 of [66].
11.16.

Frequency of inspection

The number of times per year that a facility is to be inspected. Under an INFCIRC/153-type
safeguards agreement, the frequency of routine inspections at facilities and locations outside facilities
with a content or annual throughput (whichever is greater) not exceeding 5 effective kilograms may
not exceed one inspection per year [153, para. 79]. In all other cases, inspection frequency is related
to the IAEA timeliness detection goals for the facility considered (see No. 3.20). For inspections
under an INFCIRC/66-type safeguards agreement, see para. 57 and Annexes I and II of [66].
11.17.

Advance notice of inspections and visits

Provided by the IAEA to the State relative to inspections and visits as provided for under a
safeguards agreement. Under an INFCIRC/153-type agreement, for example, advance notice for
routine inspections is at least 24 hours for facilities involving plutonium or uranium enriched to more
than 5%, and one week in all other cases [153, para. 83(c)]. However, according to para. 84 of [153],
the IAEA may carry out without advance notice a portion of the routine inspections (see No. 11.6).
11.18.

Inspection activities

Verification activities performed by IAEA inspectors during and in connection with inspections at
facilities (see No. 11.2). Under an INFCIRC/153-type safeguards agreement, activities may include
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nuclear material accounting activities
containment and surveillance measures
sampling (see No. 9.1). While not an
verification for a facility (see Nos 3.29
may be performed during inspections.
11.19.

(see, for example, Nos 6.48–6.55), the application of
(see No. 8.6), and other activities such as environmental
inspection activity, design information examination and
and 3.30), normally performed during visits to the facility,

IAEA inspector

An IAEA officer appointed by the IAEA Director General and approved by the IAEA Board of
Governors to perform safeguards inspections. After approval by the Board, the inspector is proposed
to the respective States in which he/she is expected to operate. If the State agrees, the IAEA effects
the designation. Simplified designation procedures can be agreed upon by the State and the IAEA, as
required under Article 11 of [540]. IAEA inspectors are granted privileges and immunities necessary
for the performance of their functions, as foreseen under Articles VI and VII of [9]. (See also No.
1.16.)
11.20.

Person-day (man-day) of inspection (PDI)

“a day during which a single inspector has access to a facility at any time for a total of not more than
eight hours” [153, para. 109]. This legal definition does not necessarily coincide with a calendar day,
and is used to calculate the total amount of inspection effort at facilities compared with the maximum
routine inspection effort (see No. 11.24). Where inspection activities require only a small portion of a
calendar day, this still constitutes one PDI.
11.21.

Person-year (man-year) of inspection

According to para. 109 of [153], 300 person-days (man-days) of inspection. However, the term
‘inspector-year’ (365 minus weekend days and minus some allowance for leave) is used to reflect the
average number of days in a calendar year during which an inspector is available for work.
11.22.

Actual routine inspection effort (ARIE)

The estimated annual inspection effort for a facility under an INFCIRC/153-type safeguards
agreement, expressed in person-days and included in the Subsidiary Arrangements (see No. 1.26).
For estimating ARIE, it is assumed that the facility operates according to its design data. In
accordance with para. 81 of [153], due consideration should be given to the following when the ARIE
and other elements of a routine inspection at a facility are being established:
(a)
(b)
(c)
(d)
(e)

The form and accessibility of the nuclear material;
The effectiveness of the SSAC and the extent to which the operator is functionally
independent of the SSAC;
The characteristics of the State’s nuclear fuel cycle, in particular the number and types of
facilities and the characteristics of such facilities relevant to safeguards;
The international interdependence of nuclear activities involved and any relevant IAEA
verification activities;
Technical developments in the field of safeguards.

The ARIE is an estimated guideline. Operational conditions and unforeseen situations may require
certain deviations from the agreed estimate (see No. 11.23).
11.23.

Planned actual routine inspection effort (PLARIE)

The estimated annual routine inspection effort which, in contrast to the ARIE, takes the expected
operational status of the facility (e.g. extended shutdowns) into account. The PLARIE for a facility in
most cases is smaller than the ARIE. The total PLARIE forecast for all facilities under IAEA
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safeguards, corrected by a factor that accounts for the total inspection resources available, serves as a
basis for human resource allocation.
11.24.

Maximum routine inspection effort (MRIE)

The maximum number of person-days of inspection (PDI) per annum allowable for a facility, as
provided for under para. 80 of [153]. The limit depends on whichever is the larger of: the inventory,
annual throughput or maximum potential annual production of nuclear material of the facility. This
largest quantity (L) is measured in effective kilograms (ekg). For all types of nuclear installation with
L less than 5 ekg, the limit is one routine inspection per annum. For other facilities, the inspection
regime shall be no more intensive than is necessary but shall be sufficient to maintain continuity of
knowledge of the flow and inventory of nuclear material. For reactors and sealed stores, the limit is
50 PDI/a. In the case of facilities containing plutonium and uranium enriched to more than 5%, the
–
equation MRIE = 30√ L PDI/a applies, but the MRIE should not be less than 450 PDI/a. For all
other cases, an MRIE equal to (100 + 0.4L) PDI/a is specified.
COMPLEMENTARY ACCESS
11.25.

Complementary access

Access provided by the State to IAEA inspectors in accordance with the provisions of an additional
protocol (see No. 1.22). According to Article 4 of [540], the IAEA shall not mechanistically or
systematically seek to verify the information provided by the State under Article 2 of its additional
protocol; however, the IAEA shall have complementary access for three purposes:
— To assure the absence of undeclared nuclear material and activities at sites, mines,
concentration plants and other locations where nuclear material has been declared to be
present;
— To resolve a question relating to the correctness and completeness of the information provided
by the State pursuant to Article 2, or to resolve an inconsistency relating to that information;
— To confirm, for safeguards purposes, the declaration of the decommissioned status of a facility
or a location outside facilities where nuclear material was customarily used.
Under Article 8 of [540], the State may offer the IAEA access to locations in addition to those
referred to in Articles 5 and 9. Under Article 9, the State shall provide the IAEA with access to
locations specified by the IAEA to carry out wide area environmental sampling (see No. 9.3).
However, the IAEA shall not seek such access until the use of such wide area environmental
sampling and the procedural arrangements therefor have been approved by the IAEA Board of
Governors and following consultations between the IAEA and the State. In certain cases where the
State is unable to provide the required access, it should make every reasonable effort to satisfy the
IAEA’s requirements through other means or at alternative locations [540, Articles 5.b, 5.c and 9].
11.26.

Managed access

Upon the request of the State, the IAEA and the State shall make arrangements for managed access,
arranged in such a way as “to prevent the dissemination of proliferation sensitive information, to meet
safety or physical protection requirements, or to protect proprietary or commercially sensitive
information. Such arrangements shall not preclude the Agency from conducting activities necessary
to provide credible assurance of the absence of undeclared nuclear material and activities at the
location in question, including the resolution of a question relating to the correctness and
completeness of the information referred to in Article 2 or of an inconsistency relating to that
information” [540, Article 7.a]. The State may, when providing information pursuant to Article 2,
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“inform the Agency of the places at a site or location to which managed access may be applicable”
[540, Article 7.b].
11.27.

Location

In the context of [540], the term ‘location’ usually means any geographical point or area described in
the information supplied by a State or specified by the IAEA. (‘Location outside facilities’ and ‘other
location’ have specialized meanings (see No. 5.25).)
11.28.

Site

As defined in Article 18.b of [540], that area delimited by the State in the relevant design information
for a facility, including a closed-down facility, and in the relevant information on a location outside
facilities where nuclear material is customarily used, including a closed-down location outside
facilities where nuclear material was customarily used (this is limited to locations with hot cells or
where activities related to conversion, enrichment, fuel fabrication or reprocessing were carried out).
It also includes all installations, collocated with the facility or location, for the provision or use of
essential services, including: hot cells for processing irradiated materials not containing nuclear
material; installations for the treatment, storage and disposal of waste; and buildings associated with
specified activities identified by the State under Article 2.a(iv) of its additional protocol.
11.29.

Place (on a site or location)

In the context of [540], the term ‘place’ usually means a smaller area or point on a site or location.
11.30.

Advance notice of complementary access

Given by the IAEA to the State as provided for in Articles 4.b and 4.c of [540] and in connection with
the implementation of complementary access under Article 5 of [540]. Advance notice for
complementary access is at least 24 hours; except that for access to any place on a site that is sought
in conjunction with design information verification visits or ad hoc or routine inspections on that site,
the period of advance notice shall, if the IAEA so requests, be at least two hours but, in exceptional
circumstances, it may be less than two hours. Advance notice shall be in writing and shall specify the
reasons for access and the activities to be carried out during such access.
11.31.

Complementary access activities

According to Article 6 of [540], the activities the IAEA inspector(s) may perform for complementary
access depend on the type of location and include the following: visual observation; collection of
environmental samples; utilization of radiation detection and measurement devices; application of
seals and other identifying and tamper indicating devices specified in Subsidiary Arrangements;
examination of records relevant to the quantities, origin and disposition of the material; collection of
environmental samples; and other objective measures which have been demonstrated to be
technically feasible and the use of which has been agreed by the IAEA Board of Governors and
following consultations between the IAEA and the State.
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12. SAFEGUARDS INFORMATION AND EVALUATION
The IAEA has available a broad range of information about States’ nuclear programmes which it
uses to perform safeguards State evaluations. These evaluations, and the independent review of their
findings, are a key element of planning safeguards activities in a State and are fundamental to the
process of deriving safeguards conclusions about the non-diversion of nuclear material placed under
safeguards and, where appropriate, about the absence of undeclared nuclear material and activities
in a State.
12.1. Safeguards information
Information relevant to IAEA safeguards implementation available to the IAEA from the following
major sources:
(a)

(b)

(c)

(d)

State supplied information, submitted pursuant to obligations under a safeguards agreement
(e.g. nuclear material accounting reports (see No. 12.4) and design information (see No.
3.28)); under an additional protocol (e.g. declarations) (see No. 12.14); and on a voluntary
basis (e.g. voluntary reports) (see No. 12.13).
Information obtained by the IAEA through its verification activities conducted under a
safeguards agreement (e.g. inspection results, verification of design information) (see No.
3.30), and its activities conducted under an additional protocol (e.g. complementary access)
(see No. 11.25).
Open source information (see No. 12.15) and other information available to the IAEA (e.g.
through its activities in the areas of nuclear technology and applications such as databases on
nuclear safety, nuclear waste and technical co-operation).
Information from third parties, such as voluntarily provided export data and other safeguards
relevant information.

12.2. Initial report
Under an INFCIRC/153-type safeguards agreement, an official statement by the State on all nuclear
material subject to safeguards, which is to be provided to the IAEA within 30 days of the last day of
the calendar month in which the agreement enters into force [153, para. 62]. From the initial report,
the IAEA establishes a unified inventory of all nuclear material (irrespective of its origin) for the
State and maintains this inventory on the basis of subsequent reports and its verification activities.
Under an INFCIRC/66-type safeguards agreement, the first routine report (see No. 12.3) is
considered equivalent to an initial report.
12.3. Routine report
Under an INFCIRC/66-type safeguards agreement, the set of accounting reports and operating reports
made by the State to the IAEA [66, para. 39]. In accordance with para. 40 of [66], the first routine
report is to be submitted as soon as there is any safeguarded nuclear material to be accounted for, or
as soon as the nuclear facility to which it relates is in a condition to operate.
12.4. Accounting report
A report made by the State to the IAEA on the status of nuclear material subject to safeguards at a
defined area and on the changes in that status since the previous report. Accounting reports are
submitted by the State at times specified in the safeguards agreement or in the Subsidiary
Arrangements (see No. 1.26). Under an INFCIRC/153-type safeguards agreement, reporting formats
agreed between the State and the IAEA are described in Code 10 of the Subsidiary Arrangements.
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Such safeguards agreements provide for three types of accounting report: inventory change reports,
material balance reports and physical inventory listings (see Nos 12.5, 12.7 and 12.8, respectively).
Provision for accounting reports under an INFCIRC/66-type agreement is made in para. 39(a) of [66].
12.5. Inventory change report (ICR)
An accounting report provided by the State to the IAEA “showing changes in the inventory of nuclear
material. The reports shall be dispatched as soon as possible and in any event within 30 days after the
end of the month in which the inventory changes occurred or were established” [153, para. 63(a)].
Further, “inventory change reports shall specify identification and batch data for each batch of
nuclear material, the date of the inventory change and, as appropriate, the originating material
balance area and the receiving material balance area or the recipient. These reports shall be
accompanied by concise notes” [153, para. 64]. (See also No. 12.6.)
12.6. Concise notes
According to para. 64 of [153], information supplied by the State to the IAEA and accompanying
inventory change reports (see No. 12.5) for the purposes of explaining the inventory changes (on the
basis of the operating data contained in the operating records) and of describing the anticipated
operational programme, particularly the taking of a physical inventory (see No. 6.41).
12.7. Material balance report (MBR)
An accounting report provided by the State to the IAEA “showing the material balance based on a
physical inventory of nuclear material actually present in the material balance area. The reports shall
be dispatched as soon as possible and in any event within 30 days after the physical inventory has
been taken” [153, para. 63(b)]. According to para. 67 of [153], “the material balance reports shall
include the following entries, unless otherwise agreed by the Agency and the State:
(a)
(b)
(c)
(d)
(e)
(f)
(g)

Beginning physical inventory;
Inventory changes (first increases, then decreases);
Ending book inventory;
Shipper/receiver differences;
Adjusted ending book inventory;
Ending physical inventory; and
Material unaccounted for.”

An MBR must be submitted even where there was no nuclear material in the material balance area at
the time of the physical inventory taking and where no inventory changes occurred during the
relevant material balance period, as long as the material balance area continues to be subject to IAEA
safeguards.
12.8. Physical inventory listing (PIL)
A report provided by the State to the IAEA in connection with a physical inventory taking by the
operator (see No. 6.41), “listing all batches separately and specifying material identification and batch
data for each batch” [153, para. 67]. Such listings are to be attached to each material balance report
(see No. 12.7) even where there was no nuclear material in the material balance area at the time of the
ending physical inventory taking.
12.9. Operating report
A report by the State to the IAEA on the operation of a facility in connection with the use and
handling of nuclear material. Operating reports are submitted for facilities safeguarded under
INFCIRC/66-type safeguards agreements; the requirement is provided in para. 39(b) of [66].
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12.10.

Special report

In accordance with para. 68 of [153], a report by the State to the IAEA on the loss of nuclear material
exceeding specified limits or in the event that containment and surveillance measures have been
unexpectedly changed from those specified in the Subsidiary Arrangements (see No. 1.26).
INFCIRC/66-type safeguards agreements also require special reports to be submitted in the event that
a transfer of nuclear material results in a significant change in the inventory of a facility; the
requirement is reflected in paras 42 and 43 of [66].
12.11.

Notification of transfers

Under an INFCIRC/153-type safeguards agreement, a requirement for the State to inform the IAEA
of international transfers of nuclear material, equipment and facilities. Paragraph 92 of [153] provides
that any intended transfer out of the State of safeguarded nuclear material in an amount exceeding
one effective kilogram, or by successive shipments to the same State within a period of three months
each of less than one effective kilogram but exceeding in total one effective kilogram, shall be
notified to the IAEA after the conclusion of the contractual arrangements leading to the transfer and
normally at least two weeks before the nuclear material is to be prepared for shipping. The advance
notification is to enable the IAEA, as necessary, to identify, and if possible to verify, nuclear material
prior to the transfer. For transfers into the State, similar provisions for notification are included in
paras 95 and 96 of [153]. In addition, the five nuclear weapon States (as defined by Article IX.3 of
the NPT) that have a voluntary offer agreement with the IAEA have agreed to provide the IAEA with
advance notification of transfers of nuclear material to non-nuclear-weapon States, as indicated in
para. 1 of [207]. In the case of an INFCIRC/66-type safeguards agreement, the State is required to
inform the IAEA of transfers of safeguarded nuclear material, equipment or facilities within the State
to a facility not previously subject to safeguards.
12.12.

Confirmation of transfers

Under an INFCIRC/153-type safeguards agreement, a requirement for the exporting State to make
arrangements, if the nuclear material will not be subject to IAEA safeguards in the recipient State, for
the IAEA to receive confirmation by the recipient State of the transfer [153, para. 94]. Further, the
five nuclear weapon States (as defined by Article IX.3 of the NPT) that have a voluntary offer
agreement with the IAEA have undertaken to provide the IAEA with such confirmations of transfers
from non-nuclear-weapon States, as indicated in para. 2 of [207].
12.13.

Voluntary reports on nuclear material, specified equipment and non-nuclear material

Information provided voluntarily to the IAEA by States participating in the voluntary reporting
scheme (see No. 1.27). The information includes information on nuclear material not otherwise
required to be reported under safeguards agreements, and information on the export and import of
specified equipment and non-nuclear material. The list of the specified equipment and non-nuclear
material is incorporated in Annex II of [540].
12.14.

Declaration pursuant to an additional protocol

Information submitted to the IAEA by a State about its nuclear programme and related activities.
Examples of such information are the research and development activities related to the State’s
nuclear fuel cycle (see No. 5.2), descriptions of buildings on sites, nuclear related manufacturing
activities, and exports of specified equipment and non-nuclear material (see Nos 4.40 and 5.33).
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12.15.

Open source information

Information generally available to the public from external sources, such as scientific literature;
official information; information issued by public organizations, commercial companies and the news
media; and commercial satellite images.
12.16.

Illicit Trafficking Database

An international database maintained by the IAEA in co-operation with participating Member States;
it reflects all reported incidents of illicit trafficking in nuclear material and other radioactive sources.
12.17.

IAEA Safeguards Information System (ISIS)

A computerized system for processing information in support of safeguards implementation, such as
nuclear material accounting information, design information, inspection reports, authority files
(defining installations, facilities and material balance areas) and management information.
12.18.

IAEA confidentiality regime

The regime for the protection against unauthorized disclosure of all confidential information that the
IAEA acquires, including such information coming to the IAEA’s knowledge in the implementation
of safeguards agreements and of additional protocols. The regime reflects the requirements for the
protection of confidential information as provided under Article 15 of [540].
12.19.

Safeguards State file

A collection of safeguards relevant information for a State, kept regularly up to date and used by the
IAEA for safeguards State evaluations (see No. 12.20).
12.20.

Safeguards State evaluation

A continuous process of evaluating all information available to the IAEA about a State’s nuclear
programme and related activities for the purposes of planning safeguards activities in the State and of
drawing conclusions about the non-diversion of nuclear material placed under safeguards and about
the absence of undeclared nuclear material and activities in the State (see No. 12.25). Evaluation is
performed in three stages.
The first stage involves an initial evaluation of the nuclear programme of a State with a safeguards
agreement in force, using all available information, for the purpose of drawing the conclusion about
the non-diversion of nuclear material placed under safeguards. This evaluation provides a baseline for
subsequent evaluations. The second stage follows the implementation of an additional protocol by a
State and the IAEA’s receipt of the initial Article 2 declaration; this evaluation is essential for
drawing, for the first time, the conclusion about the absence of undeclared nuclear material and
activities in a State. The third stage involves the subsequent continuous evaluation (with periodic
reports) of the State’s nuclear programme, during which earlier evaluation results are reassessed on
the basis of any new information received under declarations, from IAEA activities performed within
the State and from external sources. This ongoing evaluation is critical for maintaining the IAEA’s
ability to regularly reaffirm the conclusions of the non-diversion of nuclear material placed under
safeguards and of the absence of undeclared nuclear material and activities drawn for the State. In all
stages, the evaluation process includes identifying and conducting follow-up activities to address any
need for clarification or resolution of questions and inconsistencies.
12.21.

Physical model of a nuclear fuel cycle

A detailed overview of the nuclear fuel cycle (see No. 5.1), identifying, describing and characterizing
every known technical process for converting nuclear source material to weapon usable material, and
identifying each process in terms of the equipment, nuclear material and non-nuclear material
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involved. The physical model is used by the IAEA, inter alia, for acquisition path analysis (see No.
3.12) and for safeguards State evaluations (see No. 12.20).
12.22.

Process indicator

A detectable sign of the existence or development of a particular technical process for accomplishing
a nuclear or nuclear related activity in the nuclear fuel cycle (see No. 5.1). Process indicators include
specially designed or nuclear related dual use equipment, nuclear and non-nuclear materials,
technology, training, research activities, by-products or effluents and other observable features, such
as special safety measures. Used by the IAEA for acquisition path analysis (see No. 3.12) and for
safeguards State evaluations (see No. 12.20), certain process indicators are sometimes referred to as
proliferation indicators.
12.23.

Safeguards effectiveness evaluation

A process of evaluating the extent to which the IAEA’s implementation of safeguards is able to
achieve the safeguards objectives (see No. 2.1). Among the factors considered are the quantitative
findings from implementation of nuclear material verification activities, as prescribed by the
Safeguards Criteria (see No. 3.21), and the degree to which the IAEA inspection goal has been
attained (see No. 3.22). In addition, the evaluation takes into account more qualitative safeguards
relevant information available about the State’s nuclear and nuclear related activities, including
facility design information (see No. 3.28) and IAEA knowledge of facility operations.
12.24.

Safeguards State evaluation report

An internal report documenting periodically the findings of the IAEA’s safeguards evaluations
performed for a State (see No. 12.20). The findings, to be documented in a State evaluation report,
are independently reviewed by an IAEA interdepartmental information review committee.
12.25.

Safeguards conclusions

Conclusions drawn by the IAEA on the basis of findings from its verification and evaluation
activities (see No. 12.20). Safeguards conclusions are drawn for each State with a safeguards
agreement in force, and, where appropriate, for a State with a comprehensive safeguards agreement
(CSA) and an additional protocol based on [540] in force. These conclusions are reported collectively
for States in the annual Safeguards Implementation Report (see No. 13.10).
For each State with a safeguards agreement in force, a conclusion is drawn relating to the nondiversion of nuclear material placed under safeguards (and, under an INFCIRC/66-type safeguards
agreement, to the non-misuse of items specified and placed under safeguards). The conclusion also
relates to the absence of undeclared production or separation of direct use material at reactors,
reprocessing facilities, hot cells and/or enrichment installations under safeguards. Where there is no
indication of diversion of the nuclear material (or of misuse of specified items) placed under
safeguards or of undeclared production or separation of direct use material at declared facilities, the
conclusion is drawn for the year concerned that the nuclear material and other items placed under
safeguards remained in peaceful nuclear activities or were otherwise adequately accounted for.
For each State with a CSA and an additional protocol based on [540] in force, a broader conclusion
can be drawn for the year concerned that all of the nuclear material in the State had been placed under
safeguards and remained in peaceful nuclear activities or was otherwise adequately accounted for. To
be able to draw this conclusion, the IAEA must draw the conclusions of both the non-diversion of the
nuclear material placed under safeguards (as described above) and the absence of undeclared nuclear
material and activities for the State as a whole. The conclusion of the absence of undeclared nuclear
material and activities is drawn when the activities performed under an additional protocol have been
completed, when relevant questions and inconsistencies have been addressed, and when no
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indications have been found by the IAEA that, in its judgement, would constitute a safeguards
concern.
Note: The term ‘safeguards conclusions’, as used here, refers exclusively to the two conclusions
drawn annually for States, as described above. These conclusions differ from the technical safeguards
conclusions, which, according to para. 90(b) of [153], are drawn by the IAEA from its nuclear
material verification activities for each material balance area over a material balance period and
reported to the State concerned in a Statement on Conclusions (90(b) Statement), as defined in No.
13.3.
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13. REPORTING ON SAFEGUARDS IMPLEMENTATION
The IAEA uses various mechanisms for reporting to the IAEA policy-making organs, individual
Member States and the public on the implementation of safeguards activities pursuant to safeguards
agreements and additional protocols.
13.1. Reporting on design information examination and verification
Under an INFCIRC/153-type safeguards agreement, the IAEA sends a formal letter to the State
whenever the IAEA has performed design information examination and design information
verification in that State (see Nos 3.29 and 3.30). The letter may include, if relevant, a request for any
amplification, clarification or correction to the information submitted by the State. Under an
INFCIRC/66-type safeguards agreement, para. 32 of [66] stipulates that the IAEA should complete
its design review promptly and shall notify the State of its conclusions without delay.
13.2. Statement on Inspection Results (90(a) Statement)
Paragraph 90(a) of [153] provides that the IAEA is obliged to report formally to the State at specified
intervals (usually after each inspection) on the activities carried out at each facility and their results,
including any discrepancies found and whether they have been resolved. This statement on inspection
results, which is referred to as a 90(a) Statement, is provided to a State that has an INFCIRC/153-type
safeguards agreement in force; it is of a preliminary nature because evaluation activities may not have
been completed.
13.3. Statement on Conclusions (90(b) Statement)
Paragraphs 30 and 90(b) of [153] provide that the IAEA is obliged to report formally to the State on
the technical conclusions drawn from its nuclear material verification activities for each material
balance area over a material balance period. This statement on conclusions, which is referred to as a
90(b) Statement, indicates, inter alia, the amount of material unaccounted for over a specific period,
as verified by the IAEA (see No. 10.1). The statement is made as soon as possible after a physical
inventory has been taken by the facility operator and verified by the IAEA and a material balance has
been closed. If the issue of the statement is delayed because of a delay in receiving State reports or
samples for destructive analysis, the IAEA notifies the State accordingly. This statement is provided
to a State that has an INFCIRC/153-type safeguards agreement in force.
13.4. Book inventory statement
Under para. 66 of [153], the IAEA is obliged to provide the State with a semi-annual statement of
book inventory subject to IAEA safeguards, for each material balance area (MBA), as based on the
inventory change reports (see No. 12.5) for the period covered by each such statement; this statement
is provided to a State that has an INFCIRC/153-type safeguards agreement in force. Under an
INFCIRC/66-type safeguards agreement, the IAEA provides annual statements of inventory,
reflecting the notifications and accounting reports received from the State. Book inventory statements
do not imply verification by the IAEA of the data contained therein and are meant, inter alia, to be
used by the SSAC to check for any differences with the accounting data maintained by the SSAC.
Note: Nuclear material transferred between two MBAs in the State continues to be listed by the
IAEA, with respect to the shipping MBA, as ‘material in transit’ until it is reported to have
been received in the receiving MBA.
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13.5. Communication on domestic and international transfers
Prepared and dispatched by the IAEA to a State that has an INFCIRC/153-type safeguards agreement
in force, indicating any unmatched shipments and receipts of nuclear material. Issued on a quarterly
basis, each ‘import communication’ contains a list of those shipments to the State (as reported by
other States) or those receipts in the State (as reported by the State itself) for which no match has
been established. Import communications are meant to facilitate the interaction between the IAEA
and the State so as to promptly resolve any unmatched transfers. The IAEA has also established ‘de
minimis quantities’, set at approximately 0.002 significant quantities for each material type, below
which any unmatched nuclear material amounts are considered negligible for the purpose of transit
matching.
13.6. Statement on domestic and international transfers
Made semi-annually by the IAEA to a State that has an INFCIRC/153-type safeguards agreement in
force. This statement covers, inter alia:
(a)

(b)

Domestic and foreign shipments reported by the State which the IAEA has been unable to
match with information on receipts reported by the State (for domestic transfers) or by other
States (for exports from the State);
Domestic receipts reported by the State and foreign receipts (imports) reported by other States
which the IAEA has been unable to match with shipments reported by the State.

Note: Any nuclear material for which the IAEA has received a report from the shipping material
balance area that the export of the material has occurred is placed on the ‘export account’ for
the State until such time as the IAEA has received confirmation that the responsibility for the
material has been assumed by the recipient State.
13.7. Statement of timeliness in reporting
The statement, which is also known as the statement on operation of report system, is provided by the
IAEA semi-annually to each State that has an INFCIRC/153-type safeguards agreement in force, and
includes information on any reporting delays. The statement is provided separately for each of the
nuclear material accounting reports (i.e. inventory change report, material balance report and physical
inventory listing) (see Nos 12.5, 12.7 and 12.8, respectively).
13.8. Reporting on inspections under an INFCIRC/66-type safeguards agreement
The IAEA provides a State with information, in the form of a letter, after each inspection carried out
under an INFCIRC/66-type safeguards agreement. The letter informs the State of the results of the
inspection, as foreseen under para. 12 of [39].
13.9. Statements under an additional protocol
Under Article 10 of [540], for a State with an additional protocol in force, the IAEA is obliged to
inform the State as follows:
(a)

(b)

To inform the State of the activities carried out under the additional protocol, including those
in respect of any questions or inconsistencies the IAEA had brought to the attention of the
State. This statement, which is referred to as a 10(a) Statement, is to be provided within 60
days of the activities being carried out [540, Article 10.a];
To inform the State of the results of activities in respect of any questions or inconsistencies
previously brought to the attention of the State. This statement, which is referred to as a 10(b)
Statement, is to be provided as soon as possible but in any case within 30 days of the results
being established by the IAEA [540, Article 10.b];
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(c)

13.10.

To inform the State of the conclusions the IAEA has drawn from its activities under the
additional protocol. This statement, which is referred to as a 10(c) Statement, is to be provided
annually [540, Article 10.c].
Safeguards Implementation Report (SIR)

The main vehicle whereby the Director General of the IAEA reports to the IAEA Board of Governors
on safeguards implementation in the preceding calendar year. The report includes, inter alia, the
Safeguards Statement for the year concerned, in which the safeguards conclusions drawn for all
States with safeguards agreements in force and, where applicable, additional protocols in force, are
reported; where applicable, it also reports on any case of non-compliance of a State with its
safeguards agreement.
13.11.

IAEA Annual Report

The report submitted by the IAEA Board of Governors to the General Conference of the IAEA; it is
available to the public. The report contains the Safeguards Statement for the year concerned (see No.
13.10), which has been approved by the IAEA Board of Governors; it also provides safeguards
related reference material.
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coefficient of variation
coincidence counting, neutron
communication on domestic and
international transfers
comparison of records with reports
complementary access

6.31, 6.33, 7.1
7.11
5.10
8.9
5.4
8.18
7.32
7.2
7.14
7.33, 9.12

complementary access activities
complementary access, advance notice of
component, fuel
composite sample
comprehensive safeguards agreement (CSA)
concealment methods
concentration plants, uranium and thorium

5.25, 5.29, 5.30
6.1, 6.43, 10.1
10.13
7.24, 7.30
13.5
6.48
1.15, 1.22, 3.6, 11.25, 11.26, 11.27, 11.28, 11.29,
11.30, 11.31, 12.1, 13.9
1.15, 1.22, 11.25, 11.27, 11.31
1.15, 1.22, 11.25, 11.30
4.38
9.1, 9.6
1.17, 1.18, 1.19
3.7, 3.8, 3.9, 6.2, 8.1, 10.4, 10.5, 10.6
5.16
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concise notes
conclusion, safeguards technical
conclusions, safeguards
confidence interval
confidence level
confidence limits
confidentiality regime, IAEA
confirmation of transfers
containment
containment/surveillance device (C/S device)
containment/surveillance measures (C/S measures)
containment/surveillance measures,
system of (C/S system)
containment/surveillance results (C/S results)
containment/surveillance technical capability
(C/S technical capability)
continuity of knowledge
continuous inspection
control sample
controlled potential coulometry
Convention on the Physical Protection of
Nuclear Material
conversion plant
conversion time
co-operation protocol
core discharge monitor (CDM)
correction
correctness, arithmetical
coulometry, controlled potential
coverage of IAEA safeguards
Criteria, Safeguards
critical assembly
critical masses
critical region
criticality check
cross-contamination
C/S device (containment/surveillance device)
C/S measures (containment/surveillance measures)
C/S results (containment/surveillance results)
C/S system (system of containment and
surveillance measures)
C/S system, dual
C/S system, single
C/S technical capability (containment/surveillance
technical capability)
CSA (comprehensive safeguards agreement)
cumulative MUF
cumulative SRD

8.9
1.17, 1.18, 1.19
6.43, 6.44
6.45, 6.46

D statistic (operator–inspector difference)

6.43, 10.1, 10.3, 10.6
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12.4, 12.5, 12.6
10.1, 12.25, 13.3
2.8, 2.9, 3.4, 3.5, 12.20, 12.25, 13.10
10.20
10.22
6.43, 10.21
12.1, 12.18
12.12
8.1, 8.5
8.3, 8.5
3.6, 8.6
3.7, 8.7
8.7, 8.8, 8.12
8.9
8.1, 8.5, 8.6, 11.12, 11.24
11.2, 11.12
9.1, 9.7
7.15, 7.33
1.31
5.17
3.13, Table I
1.25
8.18
6.29
6.27
7.15
2.10
3.21, 3.22, 12.23
5.14
3.14
10.25, 10.32
6.56
9.8
8.3, 8.5
3.6, 8.6
8.7, 8.8, 8.12
3.7, 8.7
8.7
8.7

DA (destructive analysis)
database, illicit trafficking
de minimus quantities (for transit matching)
declaration pursuant to an additional protocol
decommissioned facility (or decommissioned
location outside facilities)
decreases (inventory changes)
de-exemption
defect
densitometry, K-edge
depleted uranium
depletion
design information
design information examination (DIE)
design information examination and verification,
reporting on
design information questionnaire (DIQ)
design information verification (DIV)
design information verification plan (DIVP)
destructive analysis (DA)
detection goal, IAEA timeliness
detection probability
detection time
detection, timely
detector, scintillation
detector, semiconductor
deterrence of diversion
deuterium
DIE (design information examination)
difference, operator–inspector
difference, shipper/receiver (SRD)
DIQ (design information questionnaire)
direct use material
discard, measured
discrepancy
DIV (design information verification)
diversion, abrupt
diversion into D
diversion into MUF
diversion into SRD
diversion of nuclear material
diversion path analysis
diversion, protracted
diversion rate
diversion strategy (diversion path)
DIVP (design information verification plan)
domestic and international transfers,
communication on

6.36, 7.13
12.1, 12.16
13.5
1.15, 1.22, 4.40, 5.2, 5.33, 12.1, 12.14, 12.20,
12.25, 13.9
5.25, 5.29, 5.31
6.14
6.14, 6.19
6.56, 10.7
7.18
4.10, 4.26
4.21
3.2, 3.28, 3.29, 3.30, 3.31, 12.1, 13.1
3.3, 3.28, 3.29, 3.31, 13.1
3.28, 3.29, 3.30, 13.1
3.28
3.28, 3.30, 3.31, 5.29, 13.1
3.28, 3.29, 3.30, 3.31, 5.29, 13.1
6.36, 7.13
3.10, 3.20, 4.24, 11.16
2.3, 3.16
2.3, 3.15
2.1, 2.3
7.27
7.28
2.1, 2.3, 2.7
4.40, 4.42
3.3, 3.28, 3.29, 3.31, 13.1
6.43, 10.1, 10.3, 10.6
6.45, 6.46, 10.1, 10.5
3.28
3.14, Table II, 4.25
6.14, 6.23
3.25, 3.26, 8.6
3.28, 3.30, 3.31, 5.29, 13.1
3.10
3.9, 10.1, 10.3, 10.6
3.9, 6.43, 10.1, 10.4
3.9, 6.45, 10.1, 10.5
2.1, 2.2, 2.3, 3.7, 3.11
3.7, 3.11, 8.7
3.10
3.10
3.7, 3.11, 8.7
3.28, 3.29, 3.30, 3.31, 5.29, 13.1
13.5
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domestic receipt
domestic shipment
dual C/S system
dual use item, nuclear related

2.11, 6.14, 6.16
6.14, 6.21
8.7
1.29, 5.34

EEL (essential equipment list)
effective kilogram (ekg)
effectiveness evaluation, safeguards
ekg (effective kilogram)
element code
encryption
enriched uranium
enrichment
enrichment plant (or isotope separation plant)
environmental sampling (ES)
environmental sampling, location specific
environmental sampling, wide area
environmental signature, baseline
equipment list, essential (EEL)
equipment, specified
equipment state of health data
error
error, limits of
error, measurement
error propagation
error, random
error, systematic
error, type I
error, type II
ES (environmental sampling)
essential equipment list (EEL)
estimated material conversion times
Euratom Treaty (Treaty Establishing the European
Atomic Energy Community)
evaluation, material balance
evaluation, safeguards effectiveness
evaluation, safeguards State
examination of accounting records
examination of operating records
examination of records, IAEA
exemption (of nuclear material)
exemption from IAEA safeguards
expected measurement uncertainty
export
export account
export policies and practices (of NSG States)

3.29, 3.32
4.30
2.1, 3.21, 3.22, 12.23, 12.25, 13.10
4.30
6.11
8.15, 8.23
4.5, 4.11
4.20
5.20, 11.10
9.1
9.1, 9.2
9.1, 9.3
9.1, 9.9
3.29, 3.32
1.27, 5.33, 12.13, 12.14
8.24
10.14, 10.15, 10.16
10.19, 10.20
10.3, 10.14, 10.15, 10.16, 10.24
10.18
10.14, 10.15
10.14, 10.16, 10.17
3.17, 10.25, 10.27
3.16, 10.25, 10.28
9.1
3.29, 3.32
3.13, Table I

fabrication plant, fuel
facility
Facility Attachment
facility, bulk handling

5.18
5.24
1.26
5.26, 5.28
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1.8
6.35, 6.42, 6.43, 6.45, 6.46, 10.1, 10.2, 10.3
2.1, 3.21, 3.22, 12.23, 12.25, 13.10
12.1, 12.19, 12.20, 12.21, 12.22, 12.24, 12.25
6.1, 6.30, 6.48
6.1, 6.31, 6.48
6.1, 6.48
2.13, 6.14, 6.24
2.13, 6.14, 6.24
6.35, Table III
6.14, 6.15, 12.11, 12.12, 13.5, 13.6
13.6
1.29

facility, item
facility life cycle
facility practices
facility, principal nuclear
facility safeguards approach
facility safeguards approach, model (generic)
facility type
facility, undeclared
false alarm probability
fast reactor
feed material
fertile material
fission track analysis
fissionable material
fissionable material, special
fork detector system
frequency of inspection
fuel assembly
fuel bundle
fuel component
fuel cycle, nuclear
fuel element (fuel assembly, fuel bundle)
fuel fabrication plant
fuel rod

5.26, 5.27
3.30, 5.29
3.3, 3.27
5.24
3.1, 3.3
3.1, 3.2, 3.6, 3.22, 3.27, 3.28, 3.33
5.26
2.6
3.17, 3.25, 3.26, 10.27
5.12
4.31
4.7
9.16
4.6
4.5
7.29
3.20, 11.16
4.37
4.37
4.38
5.1, 12.21
4.37
5.18
4.37

gain, accidental
gamma ray scanning
gamma ray spectrometry
gas centrifuge (enrichment plant)
gas mass spectrometry
General Part (of Subsidiary Arrangements)
geological repository
goal, IAEA inspection
graphite moderated reactor
graphite, nuclear grade
gravimetric analysis
gross defect
Guadalajara Declaration (Agreement between
the Republic of Argentina and the Federative
Republic of Brazil for the Exclusively
Peaceful Use of Nuclear Energy)
guidelines for nuclear transfers
Guidelines for the Management of Plutonium
guidelines for transfer of nuclear related dual use
equipment, materials, software and related
technology
Guidelines, Nuclear Suppliers’ Group

6.14, 6.18, 6.41
7.26
7.25
5.20, 11.10
7.20, 7.21
1.26
5.32
3.15, 3.22, 3.23, 3.24, 3.26, 12.23
5.11
4.40, 4.41
7.16
6.56, 10.7

heavy water
heavy water production plant
heavy water reactor (HWR)

4.40, 4.42, 5.33
4.40, 4.42, 5.23, 5.33
5.10

1.7
1.29, 5.34
1.30

1.29, 5.34
1.29, 5.34
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HEU (high enriched uranium)
high enriched uranium (HEU)
high level neutron coincidence counter (HLNCC)
high resolution gamma ray spectrometry
high temperature gas cooled reactor (HTGR)
HLNCC (high level neutron coincidence counter)
hold-up
HTGR (high temperature gas cooled reactor)
HWR (heavy water reactor)
hypothesis, null
hypothesis, test of

4.5, 4.13, 4.25
4.5, 4.13, 4.25
7.24, 7.30
7.25
5.11
7.24, 7.30
4.36, 6.56
5.11
5.10
10.25, 10.26, 10.27, 10.28
10.25, 10.27, 10.28, 10.29, 10.32

IAEA accountancy verification methods
IAEA Annual Report
IAEA Clean Laboratory for Safeguards
IAEA confidentiality regime
IAEA examination of records
IAEA inspection goal
IAEA inspector
IAEA interim inventory verification
IAEA inventory change verification
IAEA inventory verification
IAEA physical inventory verification (PIV)
IAEA safeguards, coverage of
IAEA safeguards, exemption from
IAEA Safeguards Information System (ISIS)
IAEA safeguards, non-application of
IAEA safeguards, objectives of
IAEA safeguards, starting point of
IAEA safeguards, suspension of
IAEA safeguards, termination of
IAEA timeliness detection goal
IAEA updating of the book inventory
IAEA verification of nuclear material flows within
an MBA
IAEA verification of operator’s measurement system
ICR (inventory change report)
identification
identity data (or identification data)
IDMS (isotope dilution mass spectrometry)
Illicit Trafficking Database
import
import communication
improved nuclear material
inconclusive C/S results
increases (inventory changes)
indirect use material
INFCIRC/66-type safeguards agreement
INFCIRC/153-type safeguards agreement
information evaluation

6.1, 6.56
13.11
7.33, 9.12
12.1, 12.18
6.1, 6.48
3.15, 3.22, 3.23, 3.24, 3.26, 12.23
1.16, 11.19
6.1, 6.53
6.1, 6.14, 6.50
6.1, 6.51, 6.52, 6.53
6.1, 6.41, 6.52, 12.8, 13.3
2.10
2.13, 6.14, 6.24
12.1, 12.17
2.14
2.1, 2.5, 3.6
2.11
2.15
2.12, 6.14, 6.25
3.10, 3.20, 4.24, 11.16
6.1, 6.49
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6.1, 6.54
6.1, 6.33, 6.55
3.33, 12.1, 12.4, 12.5, 12.6, 13.4, 13.7
5.27, 6.56
6.10, 12.5
7.17
12.1, 12.16
6.14, 6.15, 12.11, 12.12, 13.5, 13.6
13.5
4.28
8.8
6.14
4.26, 3.14, Table II
1.17, 1.20
1.17, 1.18, 1.19
12.1, 12.20, 12.24, 12.25

information, open source
information, safeguards

initial inspection
initial report
in-process inventory verification
inspection
inspection, access for
inspection activities
inspection, ad hoc
inspection, continuous
inspection effort, actual routine (ARIE)
inspection effort, maximum routine (MRIE)
inspection effort, planned actual routine (PLARIE)
inspection, frequency of
inspection goal, IAEA
inspection goal, quantity component of IAEA
inspection goal, timeliness component of IAEA
inspection, initial
inspection, person-day (man-day) of (PDI)
inspection, person-year (man-year) of
inspection, random
Inspection Results, Statement on (90(a) Statement)
inspection, routine
inspection, scope of
inspection, short notice
inspection, short notice random (SNRI)
inspection, special
inspection, unannounced
inspections and visits, advance notice of
inspections, simultaneous
inspector, IAEA
Inspectors’ Document (the Agency’s Inspectorate)
inspector’s estimate of MUF
installation
installation, storage
installations, categorization of
integrated safeguards
interim inventory verification, IAEA
intermediate product
international standards of accountancy
International Target Values (ITV)
inventory
inventory change
inventory change report (ICR)
inventory change verification, IAEA
inventory listing, physical (PIL)

12.1, 12.15, 12.20, 12.25
3.28, 12.1, 12.2, 12.3, 12.4, 12.5, 12.6, 12.7, 12.8,
12.9, 12.10, 12.11, 12.12, 12.13, 12.15, 12.16,
12.17, 12.18, 12.20, 12.25
11.2, 11.3
11.4, 11.14, 12.1, 12.2, 12.3
4.36, 6.3, 6.56
11.2, 11.3, 11.4, 11.5, 11.13
3.9, 3.26, 6.1, 11.2, 11.14
11.2, 11.18
11.2, 11.4
11.2, 11.12
11.22, 11.23
11.20, 11.24
11.22, 11.23
3.20, 11.16
3.15, 3.22, 3.23, 3.24, 3.26, 12.23
3.14, 3.22, 3.23, 12.23
3.10, 3.15, 3.22, 3.24, 12.23
11.2, 11.3
11.20, 11.24
11.21
11.2, 11.8
11.2, 13.2
11.2, 11.5
11.2, 11.15
11.2, 11.7
3.3, 11.2, 11.7, 11.8, 11.9
11.2, 11.13
11.2, 11.5, 11.6
11.1, 11.2, 11.6, 11.17
11.11
1.16, 11.19
1.12
6.43, 10.1, 10.2
5.4
5.22
5.4
2.8, 2.9, 3.1, 3.4, 3.5, 3.6, 12.20, 12.25
6.1, 6.53
4.32
6.35, Table III, 6.36, 10.1
6.36, 7.13, 7.24
3.18, 6.41, 12.5, 12.6, 12.8
6.14, 6.50, 12.4, 12.5, 12.6
3.33, 12.1, 12.4, 12.5, 12.6, 13.4, 13.7
6.1, 6.14, 6.50
3.33, 12.1, 12.4, 12.8, 13.7
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inventory, physical
inventory taking, physical (PIT)
inventory verification, IAEA
ISIS (IAEA Safeguards Information System)
isotope
isotope dilution mass spectrometry (IDMS)
isotope separation plant (enrichment plant)
isotopic ratios
item counting
item facility
item form, material in
ITV (International Target Values)

3.18, 6.30, 6.41, 6.43, 6.52, 12.4, 12.5, 12.6, 12.7,
12.8
3.33, 6.1, 6.31, 6.41, 6.47, 12.8
6.1, 6.51, 6.52, 6.53
12.1, 12.17
4.3
7.17
5.20, 11.10
7.21
6.57
5.26, 5.27
4.27
6.36, 7.13, 7.24

K-edge densitometry
key measurement point (KMP)
KMP (key measurement point

7.18
3.28, 6.4, 6.6, 6.33
3.28, 6.4, 6.6, 6.33

LEU (low enriched uranium)
LFUA (limited frequency unannounced access )
light water reactor (LWR)
limited frequency unannounced access (LFUA)
limits of accuracy
limits of error
list of inventory items
location
location outside facilities (LOF)
location outside facilities (LOF), undeclared
location specific environmental sampling
locations, other
LOF (location outside facilities)
loss, accidental
loss, nuclear
loss, other
low enriched uranium (LEU)
LWR (light water reactor)

4.5, 4.12, 4.26
5.20, 11.10
5.8
5.20, 11.10
10.19
10.19, 10.20
6.52
1.15, 1.22, 11.25, 11.27, 11.29, 12.14
1.26, 2.6, 5.25, 5.30, 5.31
2.6, 5.25
9.1, 9.2
5.25
1.26, 2.6, 5.25, 5.30, 5.31
6.14, 6.26, 6.31
6.14, 6.22
6.14, 6.26
4.5, 4.12, 4.26
5.8

Magnox reactor
man-day (person-day) of inspection (PDI)
man-year (person-year) of inspection
managed access

5.11
11.20, 11.24
11.21
1.15, 1.22, 3.6, 11.25, 11.26, 11.27, 11.28, 11.29,
11.31, 13.9
7.17, 7.20, 7.21, 7.22, 7.23
1.26, 3.28, 6.1, 6.4
1.26
6.1, 6.43, 10.1
6.42, 6.43, 10.1
6.42, 6.43, 6.44, 10.1
6.35, 6.42, 6.43, 6.45, 6.46, 10.1, 10.2, 10.3
6.41, 6.47, 12.7
3.33, 12.1, 12.4, 12.7, 12.8, 13.7
4.24

mass spectrometry
material balance area (MBA)
material balance area outside facilities
material balance, closing of
material balance component
material balance equation
material balance evaluation
material balance period (MBP)
material balance report (MBR)
material category
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material description
material, feed
material form
material, reference
material sampling
material type
material unaccounted for (MUF)
material, weapons usable
materials testing reactor (MTR)
matrix
maximum routine inspection effort (MRIE)
MBA (material balance area)
MBP (material balance period)
MBR (material balance report)
mean (µ)
mean, sample (xav)
measured discard
measurement, bulk
measurement error
measurement point, key (KMP)
measurement precision
measurement, screening
measurement system
measurement uncertainty
measurement uncertainty, expected
measures, safeguards
measures, safeguards strengthening
military purpose
misuse
mixed oxide (MOX)
model (generic) facility safeguards approach
Model Protocol Additional to the Agreement(s)
between State(s) and the International Atomic
Energy Agency for the Application of
Safeguards (Model Additional Protocol)
monitor
monitor, core discharge (CDM)
monitor, radiation passage
monitor, reactor power
monitoring, remote
monitoring, unattended
MOX (mixed oxide)
MRIE (maximum routine inspection effort)
MTR (materials testing reactor)
MUF (material unaccounted for)
MUF, cumulative
MUF, diversion into
MUF, inspector’s estimate of
MUF, statistically significant

6.7, 6.13
4.31
4.27
7.2
7.7
4.23
6.1, 6.43, 6.44, 10.1
12.21
5.13
7.6
11.20, 11.24
1.26, 3.28, 6.1, 6.4
6.41, 6.47, 12.7
3.33, 12.1, 12.4, 12.7, 12.8, 13.7
10.9, 10.11
10.9, 10.10
6.14, 6.23
6.36, 7.5
10.3, 10.14, 10.15, 10.16, 10.24
3.28, 6.4, 6.6, 6.33
10.14, 10.15
7.34, 9.12, 9.13
6.1, 6.33
6.35, 6.43, 6.44, 10.1, 10.14, 10.19
6.35, Table III
2.1, 3.5, 3.6
2.1, 3.5, 3.6
1.20, 2.1, 2.3
1.20, 2.2, 2.4, 12.25
4.16
3.1, 3.2, 3.6, 3.22, 3.27, 3.28, 3.33

1.15, 1.22
8.17
8.18
8.21
8.20
8.16, 8.22, 8.23
7.24, 8.6, 8.15, 8.22, 8.23
4.16
11.20, 11.24
5.13
6.1, 6.43, 6.44, 10.1
6.43, 6.44
3.9, 6.43, 10.1, 10.4
6.43, 10.1, 10.2
6.43, 10.26
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MUF, uncertainty of (σMUF)
multichannel analysers, portable
multiplicity counter, neutron

6.43, 10.1, 10.4, 10.26
7.25
7.24, 7.30, 7.31

natural uranium
NDA (non-destructive assay)
near real time accountancy (NRTA)
neptunium
Network of Analytical Laboratories (NWAL)
neutron coincidence counting
neutron counting
neutron multiplicity counter
new partnership approach (NPA)
90(a) Statement (Statement on Inspection Results)
90(b) Statement (Statement on Conclusions)
non-acceptable C/S results
non-application of IAEA safeguards
non-compliance
non-destructive assay (NDA)
non-detection probability
non-diversion of nuclear material, assurance of
non-nuclear material, specified
non-nuclear purposes
non-nuclear use
non-nuclear-weapon States
Non-Proliferation Treaty (NPT)
notice of complementary access, advance
notice of inspections and visits, advance
notification of transfers
NPA (new partnership approach)
NPT (Non-Proliferation Treaty)
NRTA (near real time accountancy)
NSG (Nuclear Suppliers’ Group)
nuclear fuel cycle
nuclear fuel cycle, physical model of
nuclear fuel cycle related research and
development activities
nuclear grade graphite
nuclear loss
nuclear material
nuclear material accountancy
nuclear material accounting
nuclear material flows
nuclear material, improved
nuclear material, undeclared
nuclear production
nuclear related dual use item
Nuclear Suppliers’ Group Guidelines
nuclear-weapon-free-zone treaties
nuclear weapon States

4.9
6.36, 7.12, 7.24, 8.15
6.1, 6.3, 6.56
4.19
7.34, 9.13
7.24, 7.30
7.24, 7.29, 7.30
7.24, 7.30, 7.31
3.35
11.2, 13.2
10.1, 12.25, 13.3
8.8
2.14
2.2, 2.3, 2.4, 13.10
6.36, 7.12, 7.24, 8.15
3.16, 10.25, 10.28
2.1, 2.3, 2.8, 12.20, 12.25, 13.10
1.27, 4.40, 4.41, 4.42, 5.33, 12.13, 12.14
2.11
2.11, 2.12
1.2
1.2
1.15, 1.22, 11.25, 11.30
11.1, 11.2, 11.6, 11.17
12.11
3.35
1.2
6.1, 6.3, 6.56
1.29
5.1, 12.21
3.12, 5.1, 12.20, 12.21
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5.2, 12.14
4.40, 4.41
6.14, 6.22
4.1, 4.4, 4.5
3.6, 6.1
6.2
6.54
4.28
2.1, 2.5, 2.9, 12.20, 12.25
6.14, 6.17
1.29, 5.34
1.29
1.3, 1.4, 1.5, 1.6, 1.19
1.2, 1.14, 1.15, 1.18, 1.21, 12.11, 12.12

nuclide
null hypothesis
NWAL (Network of Analytical Laboratories)
NWFZ (nuclear-weapon-free zone)

4.2
10.25, 10.26, 10.27, 10.28
7.34, 9.13
1.3, 1.4, 1.5, 1.6, 1.19

objectives of IAEA safeguards
off-load refuelled power reactor
on-load refuelled power reactor (OLR)
open source information
operating records
operating report
operator–inspector difference
optical surveillance
optical surveillance device
ore concentrate
ore processing (uranium mine and
concentration) plant
other locations
other loss
outlier

2.1, 2.5, 3.6
5.7
5.9
12.1, 12.15, 12.20, 12.25
6.31
12.1, 12.9
6.43, 10.1, 10.3, 10.6
8.2, 8.4, 8.15
8.2, 8.4
2.11, 4.4, 5.16

partial defect
particle analysis
passive assay
PDI (person-day (man-day) of inspection)
pebble type fuel
Pelindaba Treaty (African Nuclear-Weapon-Free
Zone Treaty)
pellet
performance values
period, material balance (MBP)
person-day (man-day) of inspection (PDI)
person-year (man-year) of inspection
physical inventory

6.56, 10.7
9.15
7.24
11.20, 11.24
5.11

physical inventory listing (PIL)
physical inventory taking (PIT)
physical inventory verification (PIV), IAEA
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PIT (physical inventory taking)
PIV (physical inventory verification, IAEA)
place (on a site or location)
planned actual routine inspection effort (PLARIE)
PLARIE (planned actual routine inspection effort)
plutonium
point sample
power of a test
power reactor
power reactor, off-load refuelled
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1.6
4.16, 4.39
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11.22, 11.23
4.5, 4.15, 4.25
9.1, 9.5
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power reactor, on-load refuelled (OLR)
pressurized water reactor (PWR)
primary standard
probability, detection
probability, false alarm
probability, non-detection
process indicator
product
product, intermediate
production, nuclear
project and supply agreement
proliferation indicators
protocol, additional
protocol, co-operation
Protocol, Model Additional
protocol, small quantities (SQP)
protracted diversion
PWR (pressurized water reactor)

5.9
5.8
7.3
2.3, 3.16, 10.28
3.17, 3.25, 3.26, 10.27
3.16, 10.25, 10.28
3.12, 12.20, 12.22
4.33
4.32
6.14, 6.17
1.10, 1.20
12.22
1.15, 1.22, 2.1, 3.5, 3.6, 12.14, 12.20, 12.25, 13.9
1.25
1.15
1.23
3.10
5.8

quality assurance, safeguards
quantity component of the IAEA inspection goal
quantity, significant (SQ)

3.36
3.14, 3.22, 3.23, 12.23
3.14, Table II

radiation detection, Cerenkov
radiation passage monitor
random error
random inspection
random sampling
Rarotonga Treaty (South Pacific Nuclear
Free Zone Treaty)
RBMK-type reactor
reactor
reactor, fast
reactor, graphite moderated
reactor, heavy water (HWR)
reactor, light water (LWR)
reactor, power
reactor power monitor
reactor, research
reconciliation of accounting with operating records
records, accounting
records and reports, system of
records, examination of (IAEA)
records, operating
recycling (of plutonium)
reference material
reference material, certified
regional system of accounting for and control
of nuclear material (RSAC)
relative standard deviation
remote monitoring

7.32
8.21
10.14, 10.15
11.2, 11.8
7.8
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1.4
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5.5
5.12
5.11
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6.1, 6.48
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4.16
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3.34, 6.1
6.35, 10.13
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report, accounting
report, initial
report, material balance (MBR)
report, operating
report, routine
Report, Safeguards Implementation (SIR)
report, safeguards State evaluation
report, special
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and verification
reporting on inspections under an
INFCIRC/66-type safeguards agreement
reports, voluntary (on nuclear material,
specified equipment and non-nuclear material)
representative sample
reprocessing plant
research reactor
residual bias
resin bead technique
retained waste
revised supplementary agreement relevant to
safeguards
routine inspection
routine inspection effort, actual (ARIE)
routine inspection effort, maximum (MRIE)
routine inspection effort, planned actual (PLARIE)
routine inspections, frequency of
routine report
RSAC (regional system of accounting for and
control of nuclear material)
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3.33, 12.1, 12.4, 12.7, 12.8, 13.7
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12.1, 12.2, 12.3
12.23, 12.25, 13.10
12.20, 12.24, 12.25
12.1, 12.10

sabotage, deterrence against
safeguards agreement
safeguards agreement, comprehensive (CSA)
safeguards agreement, INFCIRC/66-type
safeguards agreement, INFCIRC/153-type
safeguards agreement pursuant to the NPT
safeguards agreement pursuant to the
Tlatelolco Treaty
safeguards agreement, quadripartite
safeguards agreement, sui generis
safeguards agreement, voluntary offer (VOA)
Safeguards Analytical Laboratory (SAL)
safeguards approach
safeguards approach, facility
safeguards approach, model (generic) facility
safeguards approach, State level
safeguards conclusions
Safeguards Criteria

1.31, 2.7
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1.17, 1.18, 1.19
1.17, 1.20
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1.17, 1.18, 1.19
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3.1, 3.3
3.1, 3.2, 3.6, 3.22, 3.27
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3.21, 3.22, 12.23
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Safeguards System (1965, as Provisionally
Extended in 1966 and 1968))
safeguards effectiveness evaluation
Safeguards Implementation Report (SIR)
safeguards information

Safeguards Information System, IAEA (ISIS)
safeguards, integrated
safeguards measures
safeguards, objectives of IAEA
safeguards quality assurance
safeguards State evaluation
safeguards State evaluation report
safeguards State file
Safeguards Statement
safeguards strengthening measures
safeguards technical conclusions
safeguards transfer agreement (STA)
SAL (Safeguards Analytical Laboratory)
sample
sample, composite
sample, control
sample mean (xav)
sample, point
sample, representative
sample size
sample variance (s2)
sampling, environmental (ES)
sampling kit
sampling, material
sampling, random
sampling, statistical
sampling, swipe
sampling, systematic
sampling team
satellite images
scanning electron microscopy (SEM)
scanning, gamma ray
scintillation detector
scope of inspection
scope of safeguards agreement
scrap
scrap recovery plant
screening measurement
seal
sealable tamper indicating enclosure
sealing system
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12.9, 12.10, 12.11, 12.12, 12.13, 12.15, 12.16,
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12.1, 12.17
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2.1, 3.5, 3.6
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12.20, 12.24, 12.25
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13.10, 13.11
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1.20
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9.1
9.1, 9.4, 9.11
7.7
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7.7
9.1, 9.4
7.9
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9.17
7.26
7.27
11.2, 11.15
1.17
4.34
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9.12, 9.13
3.26, 8.1, 8.5, 8.7
8.13
8.5

secondary ion mass spectrometry (SIMS)
secondary standard
SEM (scanning electron microscopy)
semiconductor detector
shipper/receiver difference (SRD)
short notice inspection
short notice random inspection (SNRI)
significance level
significant quantity (SQ)
SIMS (secondary ion mass spectroscopy)
simultaneous inspections
single C/S system
SIR (Safeguards Implementation Report)
site
small quantities protocol (SQP)
SNRI (short notice random inspection)
source data
source material
South Pacific Nuclear Free Zone Treaty
(Rarotonga Treaty)
Southeast Asia Nuclear Weapon-Free Zone Treaty
(Bangkok Treaty)
special fissionable material
special inspection
special material balance area
special report
specified equipment
specified non-nuclear material
spectrometry, alpha
spectrometry, gamma ray
spectrometry, gas mass
spectrometry, mass
spectrometry, thermal ionization mass (TIMS)
spent fuel
spent fuel bundle counter
SQ (significant quantity)
SQP (small quantities protocol)
SRD (shipper/receiver difference)
SRD, cumulative
SRD, diversion into
SSAC (State system of accounting for and
control of nuclear material)
STA (safeguards transfer agreement)
standard deviation (σ)
standard deviation, relative
standard, primary
standard, secondary
standards of accountancy, international
starting point of IAEA safeguards

9.18
7.4
9.17
7.28
6.45, 6.46, 10.1,10.5
11.2, 11.7
3.3, 11.2, 11.7, 11.8, 11.9
10.27
3.14, Table II
9.18
11.11
8.7
12.23, 12.25, 13.10
11.25, 11.28, 11.29, 12.14
1.23
3.3, 11.2, 11.7, 11.8, 11.9
6.9
2.11, 4.4, 4.5
1.4
1.5
4.4, 4.5
11.2, 11.13
6.4
12.10
1.27, 5.33, 12.13, 12.14
1.27, 4.40, 4.41, 4.42, 5.33, 12.13, 12.14
7.23
7.25
7.20, 7.21
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7.20, 7.22, 7.33
4.21, 4.25, 5.21
8.19
3.14, Table II
1.23
6.45, 6.46, 10.1, 10.5
6.45, 6.46
3.9, 6.45, 10.1, 10.5
3.33, 6.1
1.20
10.13
10.13
7.3
7.4
6.35, 6.36
2.11
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State level safeguards approach
state of health data, equipment
State, safeguards evaluation of
State, safeguards file
State system of accounting for and control
of nuclear material (SSAC)
statement, book inventory
statement of timeliness in reporting
Statement on Conclusions (90(b) Statement)
statement on domestic and international transfers
Statement on Inspection Results (90(a) Statement)
statement on operation of report system
statements under an additional protocol
statistical sampling
statistically significant
Statute of the International Atomic Energy Agency
storage facility
strategic point
strategic value
stratification
stratum
strengthening measures, safeguards
Structure and Content of Agreements between the
Agency and States Required in Connection with
the Treaty on the Non-Proliferation
of Nuclear Weapons
subcritical assembly
Subsidiary Arrangements
substitution
sui generis safeguards agreement
supporting document
surface ionization mass spectrometry
surveillance
surveillance device, optical
surveillance, optical
surveillance review system
suspension of IAEA safeguards
suspension protocol
swipe sampling
system of containment/surveillance measures
(C/S system)
system of records and reports
systematic error (bias)
systematic sampling

3.7, 8.7
2.2, 3.26, 3.33, 6.1
10.14, 10.16, 10.17
7.9

tamper indication
tamper resistance
tampering
technical capability, C/S
technical objectives (of IAEA safeguards)

8.12
8.13
3.26, 8.11
8.9
2.1, 2.5, 3.6
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3.1, 3.4, 3.5, 12.25
8.24
12.1, 12.19, 12.20, 12.21, 12.22, 12.24, 12.25
12.1, 12.19, 12.20, 12.24, 12.25
3.33, 6.1
6.40, 13.4
13.7
10.1, 12.25, 13.3
13.6
11.2, 13.2
13.7
1.22, 13.9
7.7
10.26
1.1
5.22, 5.26
6.5, 11.14
4.29
6.37
6.37
1.15, 1.22, 2.1, 3.5, 3.6

1.14
5.15
1.26
2.16
1.19
6.32
7.22
8.2
8.2, 8.4
8.2, 8.4, 8.15
8.2, 8.14
2.15
1.24
9.1, 9.4

technical safeguards conclusion
10(a) Statement (statement under an
additional protocol)
10(b) Statement (statement under an
additional protocol)
10(c) Statement (statement under an
additional protocol)
termination of IAEA safeguards
test, attributes
test of hypothesis
test, power of
test, variables
theft
thermal ionization mass spectrometry (TIMS)
thorium
thorium concentration plants
throughput, annual
timeliness component of the IAEA inspection goal
timeliness detection goal, IAEA
timely detection of diversion
TIMS (thermal ionization mass spectrometry)
titration, chemical
titration, potentiometric
titration, spectrophotometric
Tlatelolco Treaty (Treaty for the Prohibition of
Nuclear Weapons in Latin America and
the Caribbean)
traceability
transfers, confirmation of
transfers, notification of
transit matching
transmutation
Treaty Establishing the European Atomic Energy
Community (Euratom Treaty)
Treaty for the Prohibition of Nuclear Weapons
in Latin America and the Caribbean
(Tlatelolco Treaty)
Treaty on the Non-Proliferation of Nuclear Weapons
(Non-Proliferation Treaty, NPT)
Treaty on the Southeast Asia Nuclear
Weapon-Free Zone (Bangkok Treaty)
TRIGA reactor
trigger list
type I error
type II error
unannounced inspection
unattended monitoring
uncertainty, expected measurement
uncertainty, measurement

10.1, 12.25, 13.3
1.22, 13.9
1.22, 13.9
1.22, 13.9
2.12, 6.14, 6.25
6.56, 10.7, 10.30
10.25, 10.27, 10.28, 10.29, 10.32
3.16, 10.25, 10.28, 10.29
10.31
1.31, 2.7
7.20, 7.22
4.17, 4.26
5.16
3.19
3.10, 3.15, 3.22, 3.24, 12.23
3.10, 3.20, 4.24, 11.16
2.1
7.20, 7.22
7.14
7.14
7.14

1.3
6.34
12.12
12.11
13.5, 13.6
4.22
1.8

1.3
1.2
1.5
5.13
1.28, 1.29
3.17, 10.25, 10.27
3.16, 10.25, 10.28
11.2, 11.5, 11.6
7.24, 8.6, 8.15, 8.22, 8.23
6.35, Table III
6.35, 6.43, 6.44, 10.1, 10.14, 10.19
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uncertainty of MUF (σMUF)
undeclared facility or location outside
facilities (LOF)
undeclared nuclear material and activities
unified inventory
unified uranium
unilateral submission agreement
unmeasured loss
unreported changes (in facility design or operating
conditions)
updating of the book inventory
uranium
uranium, depleted
uranium, enriched
uranium, high enriched (HEU)
uranium, low enriched (LEU)
uranium mine and concentration
(ore processing) plant
uranium, natural
uranium-233
uranium, unified

6.43, 10.1, 10.4, 10.26

variables in attributes mode
variables test
variance (σ2)
variance, sample (s2)
verification, IAEA inventory
verification of design information (DIV)
verification of inventory change, IAEA
verification of nuclear material flows within an
MBA, IAEA
verification of the operator’s measurement system,
IAEA
verification, physical inventory (PIV), IAEA
violation (of a safeguards agreement)
visit
VOA (voluntary offer agreement)
volume determination
voluntary offer agreement (VOA)
voluntary reporting scheme on nuclear material
and specified equipment and non-nuclear
material
voluntary reports on nuclear material,
specified equipment and non-nuclear material
vulnerability assessment

10.31
10.31
10.9, 10.11
10.11, 10.12
6.1, 6.51, 6.52, 6.53
3.28, 3.30, 3.31, 5.29, 13.1
6.1, 6.14, 6.50

waste
waste disposal
waste, retained
weapons usable material
weighing

2.12, 4.35
4.35
6.14, 6.20
12.21
6.56
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2.6, 5.25
2.1, 2.5, 2.9, 12.20, 12.25
12.2
6.12
1.20
3.33
3.26
6.1, 6.49
4.8
4.10, 4.26
4.5, 4.11
4.5, 4.13, 4.25
4.5, 4.12, 4.26
5.16
4.9
4.5, 4.14, 4.25
6.12

6.1, 6.54
6.1, 6.33, 6.55
6.1, 6.41, 6.52, 12.8, 13.3
2.2
3.29, 3.30, 11.1, 11.17
1.21
6.56, 7.5
1.21

1.27, 4.1, 4.40, 5.33, 12.1, 12.13
1.27, 4.1, 4.40, 5.33, 12.1, 12.13
8.10

wide area environmental sampling

9.1, 9.3

yellow cake

5.16

Zangger Committee Export Guidelines
Zircaloy
zirconium tubes

1.28
4.40, 4.43
4.43
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