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INTRODUCTION

Purpose of IAEA Safeguards

The IAEA safeguards system is an important instrument of the international non-
proliferation policy. Safeguards implementation is regulated by the IAEA Statute and
individual safeguards agreements. At the end of 1998, 222 safeguards agreements were in
force with 138 States ( and Taiwan, China). Of these, 68 States (and Taiwan, China) had
declared nuclear activities and were being inspected, the majority under comprehensive
safeguards agreements arising from the NPT, the Tlatelolco Treaty, the Rarotonga Treaty, the
Guadalajara Declaration and the Bangkok Treaty. Safeguards were also being implemented in
four States with safeguards agreements covering specified nuclear or non-nuclear material,
facilities or equipment and at designated installations in the five nuclear weapon States.

The majority of agreements concluded by the IAEA are based on document
INFCIRC/153 [153]. Paragraph 2 of [153] stipulates that safeguards will be applied to
nuclear material

" . . . for the exclusive purpose of verifying that such material is not diverted to nuclear
weapons or other nuclear explosive devices."

This provision places the emphasis on the role of IAEA safeguards as a verification
system. The IAEA's independent verification activities provide assurance, at the request of a
State or a group of States, and of the international community, that the States are complying
with their commitments concerning the peaceful uses of nuclear energy.

The technical aim of safeguards is "...the timely detection of diversion of significant
quantities of nuclear material...". In order to provide some quantitative yardstick of achievement
of this technical aim, IAEA safeguards work on the basis of quantitative detection and
inspection goals. The Department of Safeguards conducts inspections in Member States. These
inspections are designed to verify that nuclear material is being used for peaceful purposes and
to report on the result of the inspections to the Board of Governors via the Safeguards
Implementation Report (SIR).

Since the discovery in 1991 that Iraq had developed a clandestine nuclear weapons
programme, counter to the commitment it accepted when it signed the Nuclear Non-
Proliferation Treaty (NPT), the Department of Safeguards has attempted to strengthen its
ability to provide assurances regarding the absence of undeclared activities and facilities.



SCOPE OF IAEA SAFEGUARDS

The scope of IAEA verification activities is defined by the relevant safeguards
agreements. Under agreements concluded pursuant to [153], the principal object of
safeguards implementation is nuclear material accountancy. Thus, the cornerstone of the
IAEA verification activities has been provision of the assurance that the declared nuclear
material is not diverted from peaceful uses to the production of nuclear weapons or other
nuclear explosive devices, or to other purposes unknown and to verify compliance with the
undertakings of the States. The main thrust of [153] is the full-scope intent of the latter
[153/para.l], whereby the State accepts safeguards on all nuclear material in all its peaceful
nuclear activities. It is the IAEA's right and obligation to ensure that safeguards will be
applied, in accordance with the terms of the agreement, to all such material [153/para.2]. The
agreement contains safeguards procedures to be followed by the IAEA to ensure compliance
with the basic commitment by the State, namely not to divert nuclear material. The rights and
obligations of the IAEA with respect to the full-scope commitment under [153] are therefore
restricted to verifying, within the limits set by the safeguards agreement, that nuclear facilities
accessible to IAEA safeguards are not connected by a nuclear material flow to other nuclear
activities which might exist and which in violation of the agreement were not submitted to
IAEA safeguards. Technically this is part of the normal verification procedures at facilities
subject to IAEA safeguards.

Each agreement also provides for Agency review of design information, reporting and
record-keeping by the State, inspection activities to be carried out by the IAEA, including
rights of access and notification of inspections, and provisions related to the exemption and
termination of safeguards. To the extent practical and legally permissible, efforts are made to
standardize the Agency's safeguards approaches, taking into account technical variations
among the States nuclear programmes.

Safeguards agreements are complemented by Subsidiary Arrangements which describe
in more detail the technical and administrative procedures for implementation of the
agreements. Under [153]-type agreements, the general part of the Subsidiary Arrangements is
applicable to all nuclear activities in the State concerned. For [153], specific procedures for
each facility and for other locations where nuclear material is present are specified in Facility
Attachments.

Following endorsement by the Board of Governors in June 1995 of the Director
Generals' plan to implement at an early date measures to strengthen the effectiveness and
improve the efficiency of the safeguards system, the Agency began implementation of specific
measures related to broader access to information, increased physical access and optimal use
of the present system.

In May 1997, the Board of Governors approved new strengthened measures in the
Model Additional Protocol for use by inspectors who verify States' compliance with their
commitments not to produce nuclear weapons. Close to 200 countries have made such
commitments under the NPT and other similar treaties. The new measures are detailed in a
model Additional Protocol through which countries would accept stronger, more intrusive
verification on their territory. The key objective of the new measures is to enhance the
IAEA's capability to ascertain the absence of clandestine nuclear activities in Non-Nuclear



Weapon States (NNWS) and thus increase confidence that these states are abiding by their
peaceful use obligations. The Additional Protocol also contains measures that could improve
safeguards in other states including Nuclear Weapon States.

TECHNICAL OBJECTIVES OF IAEA SAFEGUARDS

For practical purposes it is necessary to go beyond the general concepts discussed in
this paper and to define more specifically the technical objectives of IAEA safeguards. This
objective is stated explicitly in [153/para.28]:

" . . . 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 explosives or for purposes unknown..."

THE CONCEPT OF VERIFICATION

Verification is a technical activity aimed at achieving the political purposes of IAEA
safeguards, namely assurance and deterrence. Under the circumstances indicated above, the
normal result of IAEA verification is assurance of compliance by States with their
non-proliferation commitments. However, IAEA findings are credible only if verification
activities are so thorough that non-compliance (diversion of nuclear material, misuse of
facilities, etc.) would be detected with an acceptable probability. Therefore, in developing an
effective verification methodology, the IAEA has to assume as a general working hypothesis
that noncompliance cannot be excluded and that consequently a diversion risk of low but
non-zero probability exists in all countries . If careful verification activities lead to the
conclusion that the diversion hypothesis cannot be substantiated, then it can be concluded
with a high level of confidence that in fact no diversion or misuse has occurred.

Conceptually, IAEA verification can thus be regarded as the testing of diversion
hypotheses. Analysis of such hypotheses is therefore an important means for designing and
organizing effective and credible verification activities. In the analysis, a wide range of
potential diversion strategies and possible concealment methods have to be considered in
connection with all types of nuclear material and facilities. The diversion analysis includes a
consideration of the characteristics of the nuclear facility, the type and location of material,
and possible diversion paths, diversion rates and concealment methods. The various
safeguards approaches are thus designed to ensure that verification activities are capable of
leading, with a high probability, to the timely detection of such anomalies; and, to define such
further activities as are needed to determine the causes of the anomalies.

Detection Goals

For the careful planning of safeguards implementation and for objective performance
evaluation, it is necessary to quantify the terms used above. The various numerical parameters
(significant quantity, detection time, detection probability), together with a further parameter
known as the false alarm probability, constitute the so-called detection goals. These
parameters cannot be deduced solely from physical and technical axioms and reasonable



values have been selected on the basis of technical-political judgment and consensus. The
present detection goals were discussed in detail and numerical values were given in other
presentations at this Seminar.

The significant quantity (SQ) is defined as the approximate quantity of nuclear
material in respect of which, taking into account any conversion process involved, the
possibility of manufacturing a nuclear explosive device cannot be excluded. Typical values of
an SQ (not to be confused with critical mass) range from 8 kg of plutonium to 20t of thorium.

The second parameter, detection time, should correspond in order of magnitude to the
conversion time, estimated as the time necessary to convert different forms of nuclear material
to the metallic components of a nuclear explosive device. Conversion time values used at
present range from 7 to 10 days for metallic plutonium to one year for natural uranium.

Inspection Verification and Timeliness Goals

Detection goals are guidelines to be used in designing safeguards approaches and
establishing inspection goals. They reflect actual conditions at the facility, the requirements of
the safeguards agreement, the limitations of measurement methods, and the effectiveness of
given safeguards procedures and techniques. They are thus performance targets adopted for a
given facility and provide a basis for designing the appropriate safeguards approach.

The Agency sets its verification goals to correspond to the minimum quantity of
nuclear material which, if diverted at a facility, should (to the required degree of probability)
be detected by the application of nuclear material accountancy measures along with a low risk
of false alarm. In the case of item and most current bulk handling facilities, the goal is equal
to one SQ of nuclear material. This goal depends, inter alia, on the nature of the facility, the
quantities of material handled, and the effect of measurement uncertainties.

The timeliness goal is a parameter derived by adapting the detection time guidelines to
the specific conditions at a facility. The timeliness goals currently used for determining the
frequency of inventory verification and containment and surveillance activities (video/film
evaluation, seals examination, etc.) at facilities handling one SQ or more of nuclear material
range from up to four weeks for material containing high enriched uranium (HEU) or
plutonium in non-irradiated form to twelve months for low enriched uranium (LEU) or natural
uranium.

The successful implementation of safeguards and the extent to which inspection goals
can be achieved depend largely on the degree of co-operation offered by the State and the
facility operator concerned and on the availability of manpower, safeguards equipment and
inspection support services. The extent to which Subsidiary Arrangements made under
safeguards agreements provide the IAEA with the necessary rights is also an important factor.

In addition, the Protocol will provide the IAEA with much broader rights of access to
information about all State activities related to the use of nuclear material and greatly
expanded physical access for IAEA inspectors to verify this information.



CO-OPERATION WITH THE STATE SYSTEM OF ACCOUNTANCY
AND CONTROL

Effective implementation of safeguards requires co-operation between the IAEA and
the State concerned. To this end, agreements of the [153] type require that the State shall
establish and maintain a system of accounting for and control of nuclear material subject to
safeguards (SSAC). They prescribe that the system shall be based on a structure of material
balance areas (MBAs ) and shall provide for the establishment of a measurement system, a
records and reports system, procedures for taking physical inventories, and provisions to
ensure that the accounting procedures and other arrangements are being correctly operated
[153/para.32]. This should enable the IAEA to verify the findings of the SSAC. In performing
its verification, the IAEA takes due account of the technical effectiveness of the SSAC
[153/para.7].

Document [153] requires that the State make information available to the Agency.
Specifically, they require the State to:

Provide the IAEA with information in respect of facility design features and
other information relevant to safeguards

Arrange for the keeping of records for each facility or MBA

Provide the IAEA with reports in respect of nuclear material, based on the
records kept.

On the basis of co-operation with the State concerned, the verification process
involves three main areas of inspection activity:

(1) The examination of the information provided by the State, including:
Design information
Accounting and operating reports, and special reports
Amplification and clarification of reports
Advance notification of international transfers.

(2) The collection of information by the IAEA through:
Visits for the verification of design information
Ad hoc and routine inspections
Special inspections.

(3) The evaluation of the information provided by the State and collected during
inspections for the purpose of determining the completeness, accuracy and
validity of this information.

The results of inspections performed under [153]-type agreements are reported by the
IAEA to the State concerned in the form of a statement which identifies the inspection and the
detailed activities carried out. Also noted are any discrepancies and anomalies, together with
their significance and the results of an investigation into their cause. This kind of statement is



of a preliminary nature because evaluation activities may still be under way and often more
than one inspection is made before a conclusion can be drawn.

After the physical inventory taking (PIT) by the plant operator and the physical
inventory verification (PIV) by the IAEA, a second type of statement is sent to the State,
containing the conclusions drawn from the safeguards activities performed. This includes a
statement in respect of each MBA of the amount of material unaccounted for (MUF) over a
specific period (the material balance period, MBP) for each category of nuclear material
[153/para.9O], The statement shows whether the material subject to safeguards has been
satisfactorily accounted for during the period between PIVs. If the IAEA is not satisfied with
the results obtained during inspections, further investigation is called for and the State is
requested to examine the causes of any inadequacy and undertake the necessary remedial
steps.

METHODOLOGY

Safeguards Measures

According to paragraph 29 of [153], nuclear material accountancy (NMA) is a
safeguards measure of fundamental importance, with containment and surveillance (C/S)
being important complementary measures. This does not exclude the application of other
objective measures, such as the use of conclusions drawn from verification of the operational
status or the design reverification of a facility. IAEA verification activities can be carried out
in practice only with the substantial co-operation of the facility operator and the State
concerned. This co-operation is necessary for implementation of the following basic concepts
(153/paras 6, 7, 72, 74, 75, 79, 90):

The independent verification by the IAEA of the entire State accountancy system
for nuclear material by means of document audits, item counting and
identification, observation, chemical analysis and nondestructive measurements,
seal verification, etc.

The periodic closing of material balances by the taking of physical inventories by
the operator and their verification by the IAEA

The effective monitoring by the IAEA of the flow of nuclear material through the
use of instruments and other techniques at key measurement points and other
strategic points

The use of C/S as important complementary measures.

Nuclear Material Accountancy (NMA)

Nuclear material accountancy relies on the principle of conservation of matter. Any
changes to the inventory of material present in a defined area must be equal to the net
production or loss of such material within the area plus the inward flow of such material from
outside, minus the flow out of the area. Effective verification based on this principle requires



knowledge of the flow and inventory of the nuclear material and the compilation of periodic
nuclear material balances. Areas defined in nuclear facilities for application of the
conservation principle are called material balance areas (MBAs). Their delineation takes
account of the specific technical aspects of the nuclear facility and their boundaries are chosen
to facilitate the measurement of all nuclear material transfers across the boundaries and the
establishment of the inventory within the MBA. Measurements are made at certain strategic
points (SP), called key measurement points (KMP). KMPs are locations where information
on flow and inventory can be gathered and verified and at which nuclear material appears in a
form in which it may be measured. An NMA cycle starts with the determination by the
operator and verification by the IAEA of the physical inventory for an MBA. The operator
maintains a book inventory based on the initial physical inventory, adding increases (e.g.,
receipts) and deducting decreases (e.g., shipments); The NMA cycle is closed by an ending
PIV and by evaluation of the material balance for the period considered by the operator. Both
are verified by the IAEA.

The analysis of nuclear material samples taken at the facility is a vital part of the
verification process. Some analyses are carried out during IAEA inspections without
physically affecting the item under examination, i.e., by non destructive assay (NDA). Some
samples have to be measured by 'destructive' techniques, such as chemical and other analyses.
This is done in the IAEA Safeguards Analytical Laboratory.

For facilities handling identifiable 'items' containing nuclear material (e.g., fuel
assemblies or sealed containers), the integrity of which can be considered as preserved during
the NMA period, no difference between the updated book inventory and the ending physical
inventory is normally to be expected. For facilities with nuclear material in unsealed bulk
form (powder, pellets, solutions, scrap, etc.), there is always some difference between the
book inventory and the physical inventory because of the unavoidable limitation on the
exactness of measurements. There may also be discrepancies for other reasons, e.g., failure to
measure parts of the inventory, unmeasured loss of material and, conceivably, diversion. The
difference between the book inventory and the physical inventory represents the material
unaccounted for (MUF). Because MUF is a quantity derived from measurements, it may be
used as an indicator in evaluating the possibility of diversion.

On the basis of operators' NMA activities, the State submits periodic accounting
reports to the IAEA, namely:

Inventory Change Reports (ICR), which describe each increase and decrease of
nuclear material in each MBA since the last report; and

Material Balance Reports (MBR), accompanied by Physical Inventory Listings
(PIL) submitted after each physical inventory and containing the MUF analysis.

On the basis of these reports, the IAEA maintains a set of accounts parallel to that of
the State, and subjects the facility records and State reports to audit and comparison with its
own records.

Containment and Surveillance (C/S)

Containment and surveillance measures are widely used in IAEA safeguards to



complement and support NMA. It is the purpose of C/S measures to provide information on
movements of nuclear material or on the integrity of equipment, verified data, etc. In many
instances they cover the periods when the inspector is absent and thus contribute to
cost-effectiveness. Containment and surveillance measures are for instance applied to:

ensure during flow and inventory verification that each item is inventoried
without duplication and that the integrity of samples is preserved

ensure that IAEA instruments, devices, working papers and supplies are not
tampered with

reduce the need for repeating full verification of previously verified items or of
containers the integrity of which has not been changed

cover specific safeguards situations.

Containment measures take advantage of existing structural features, such as
containers, tanks, pipes, or substantial walls, to establish the physical integrity of an area or
item by preventing the undetected access to or movement of nuclear material, or interference
with equipment or data.

Surveillance refers to both human and instrumental observation aimed at indicating the
movement of nuclear material, or interference with containment or IAEA equipment. It thus
serves to assure the integrity of containment. Surveillance may also be used for observing
various operations or obtaining relevant operational data. It may involve, for example, the
checking of tamper-indicating seals and the use of automatic surveillance systems, such as
camera or closed circuit TV systems, or radiation monitors applied by the IAEA. IAEA
inspectors may fulfill similar assignments continuously or periodically at strategic points.

The C/S techniques used by the IAEA are carefully designed and implemented to
avoid imposing any unnecessary physical restrictions on facility operations or movements or
access to materials which are in accordance with the design information and which are duly
recorded and reported. Nevertheless, they must provide the IAEA with credible information
on whether unreported movement or access might have occurred or whether the integrity of
data might have been impaired. The detection of an anomaly relating to C/S measures does
not necessarily by itself indicate that material has been removed. The ultimate resolution of
C/S anomalies (e.g., broken seals) is provided by NMA measures (e.g., the reverification of
the material under seal).

INSPECTIONS

The key to verification by the IAEA is the right to conduct on-site inspections. Three
types of inspections are involved: routine, special inspections and ad hoc inspections in
accordance with [153].

Visits and initial inspections are made under agreements of the [153] type, to verify
the facility design information submitted by the State.



The majority of the inspection effort is expended on routine inspections
[153/para.72]. The purpose of the routine inspections is to verify that the information
contained in reports submitted by the State is consistent with the accounting and operating
records kept by the facility operator, to verify the location, identity, quantity and composition
of safeguarded materials, and to verify information about the causes of shipper/receiver
differences, book inventory uncertainties, and MUF.

Ad hoc inspections are made to verify the initial report or changes in the situation
since the initial report was made, and to identify and verify the nuclear material involved in
international transfers [153/para.71].

Under [153]-type agreements, special inspections are made in addition to routine
inspections to verify information presented in special reports or to collect additional
information when the IAEA considers the information provided by the State or obtained
through routine inspections to be inadequate for it to fulfill its responsibilities.

Activities carried out by the IAEA during inspections and in connection with
them are described in more detail below.

INSPECTION ACTIVITIES

The activities of IAEA inspectors during and in connection with a visit to or inspection
of a nuclear facility have been described in general terms above. While certain of these
activities have common features independent of the specific circumstances some depend to a
certain extent on the particular situation (type- of agreement and facility, number of
inspections per year, etc.).

Safeguards implementation starts at a facility coming under safeguards with an initial
visit [153] by IAEA inspectors. The purpose of this is to verify the accuracy and completeness
of the design information on the facility which the State has to submit to the IAEA as early as
possible before nuclear material is first introduced. This information (describing the facility
and in particular its design features, operation modes and procedures relevant to safeguards) is
examined by the IAEA prior to the initial visit for the purpose of developing an appropriate
safeguards approach. The initial visit is also used to consider the conclusions of the design
examination, to collect any necessary additional information and to prepare the Subsidiary
Arrangements.

Routine Inspections

As stated above, IAEA verification essentially means testing diversion hypotheses.
The purpose of the following activities, performed during or in connection with routine
inspections, is to carry out such tests. Each of these activities has the potential to disclose one
or more anomalies corresponding to specific elements in the diversion hypotheses.

In the following list, the nature of each activity, i.e., whether it is related to NMA or
C/S, is indicated in parentheses.
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Follow-up actions (NMA and C/S)

Individual inspections are not usually independent of each other. It may be necessary
to complete actions which were started during the previous inspection(s) and to resolve
problems which have been identified in the meantime.

Accounting records examination (NMA)

The purpose of this activity is to establish for the MBA by independent audit a correct
set of data upon which physical verification can be based. It should also enable an assessment
to be made of the quality of the operator's system of accounting records. The examination is
carried out with respect to the completeness, internal consistency and arithmetic correctness of
the data and includes the checking of supporting documents and, if relevant, confirmation
from operating records.

Operating records examination (NMA)

A correct set of facility operating data is in many cases necessary to complement
and/or confirm the information provided in the accounting records. The operating records
include:

Operating data used to establish changes in the quantity, composition and location
of nuclear material including data obtained from calibration, sampling and
analyses

Operating data to confirm surveillance results

Information on procedures for controlling the quality of measurements, and on the
evaluation of the results

Information on the preparation for a physical inventory taking

Information relating to the cause and magnitude of any accidental or unmeasured
loss.

The examination is also used as an opportunity to assess the quality of the operator's
system of operating records and to offer advice if requested

Reconciliation of accounting and operating records (NMA)

The purpose of the reconciliation is to identify and clarify any inconsistency between
the accounting and operating data. Examples might be the comparison of recorded fuel
assembly movements or loading patterns with accounting entries, or the analysis of a reactor
operating history (operation time, power output) in relation to nuclear material production and
nuclear loss.

Comparison of records and reports (NMA)

This activity consists in making a correlation between the relevant facility accounting
and operating records on the one hand, and the State reports (ICR, MBR, PIL) on the other in
order to determine their completeness, internal consistency and arithmetic correctness.
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Updating of the book inventory (NMA)

An important step in NMA consists in establishing the amount of nuclear material that
should be present at the facility the book inventory at the date or near the date of inspection.
The updating is based on the book inventory established at the previous inspection and uses
facility records and supporting documents covering the intervening period. At times of
physical inventory verification (PIV) the relevant book inventory may be used for the
preparation of preliminary sampling plans.

Inventory change (flow) verification (NMA)

This activity involves verification of important components of the material balance,
namely:

Increases: such as imports from abroad, domestic receipt, nuclear
production, de-exemption, etc.

Decreases: such as exports, domestic shipment, nuclear loss, transfer to
retained waste exemption, etc.

In addition to the document audits, the following activities may be carried out:

Removal of seals and/or verification of receipts

Verification and sealing of shipments (e.g., partially filled irradiated fuel
assembly casks)

Verification at other MB As of matching receipts/shipments

Verification of shipper/receiver differences

Calculations for assessing nuclear loss and production (also in connection with
physical inventory verification).

Inventor}' verification (NMA)

The inventory verification is carried out to confirm the operator's recorded book
inventory of nuclear material present at a given time within an MBA. There are two types of
inventory verification:

PIV which follows closely on or coincides with the PIT by the operator and closes
the material balance period;

The interim inventory verification, which does not coincide with the closing of a
material balance period and during which part or all of the inventory is verified.
An interim verification is made if only part of the inventory is accessible or if the
action is required in order to attain IAEA timeliness goals.
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The basis for a PIV is an itemized inventory list prepared by the operator and
organized by location (KMP) and material type, or some such equivalent documentation. In
the case of items, the PIV is carried out by item counting, item identification and 'attribute
tests' (NDA applied to a random sample of the items in order to detect dummies or other
anomalies if present). For bulk material, 'variables tests' are made in addition to the above
activities in order to determine the amount and isotopic composition of the material present
(e.g., weighing, radiation measurement or chemical analysis of random samples) The
verification results are compared with the physical inventory listings submitted by the State.

Verification at special strategic points (various measures)

The list of verification activities above is not exhaustive. One example of a different
category is the special arrangement foreseen for the cascade hall of enrichment plants.
Another example would be reprocessing plants. Here, special arrangements define the access
to the various instrument readings and measurements or calibrations which are used by the
operator to identify nuclear material or to provide information on quantity, quality and
location.

Application and use of surveillance (C/S)

Surveillance is used to detect possible movements of nuclear material and production
of special fissionable material which, contrary to agreed procedures, has not been recorded or
reported, falsification of information on the location, composition and quantity of nuclear
material, unreported changes of the facility design, or any tampering with containment or
IAEA safeguards devices. Automatic film cameras and closed-circuit TV systems are the most
frequently used types of surveillance measures

The installation of an surveillance unit requires careful analysis of the location (in the
containment, along routine paths followed by nuclear material, etc.) and proper positioning.
During maintenance, the integrity of the containment (signs of modification) and of the
indications of interference are checked. The characteristics of the system may be such that the
frequency of maintenance (change of films, batteries, tapes, etc.) coincides with timeliness
requirements, so that maintenance can be carried out when surveillance records have to be
evaluated. The evaluation of exposed films (video tapes) involves checking on significant
events, e.g., number of appearances or disappearances of spent fuel casks, and their
correlation with the operator's accounting and reporting records.

Application and use of seals (C/S)

Seals are tamper-indicating devices used to join movable segments of a containment
structure in such a manner that access to a sealed item becomes impossible without opening of
the seal or other obvious interference with containment integrity. Seals are used, for example,
at the following locations:

Shields covering reactors
Channel gates, doors and other access possibilities
Fresh fuel racks, stacks of spent fuel, fuel assemblies
Spent fuel casks and other containers
Valves, levers, instruments
IAEA equipment and other items (samples, standards, documents) stored at the
facility.
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Seals have to be verified at specified intervals on the spot. The intervals are usually
related to the timeliness requirements. Additionally, samples of the most commonly used
metal seals are checked at IAEA Headquarters. All data related to seals are recorded. Under
certain conditions (aging of seals, doubts as to the integrity of seals or containment),
follow-up actions may include remeasurement of the nuclear material involved. Radiation
monitors are used in a manner similar to seals: they indicate for example whether or not spent
fuel has passed an access port or a containment penetration.

Verification of adequacy of the operator's measurement system

In this context, verification of the functioning and calibration of relevant instruments
is necessary, together with an evaluation of the precision and accuracy of the operator's
measurements in relation to international standards.

Other inspection activities

The typical inspection activities mentioned in this paper is not exhaustive. Special
technical or legal situations may require other kinds of activity. Furthermore, IAEA
safeguards approaches are still evolving and new developments may lead to changes in
implementation practice.

IMPACT OF THE ADDITIONAL PROTOCOL ON INSPECTION ACTIVITIES

The IAEA Board of Governors adopted a model protocol (INFCIRC/540) to
comprehensive safeguards agreements granting the inspectorate broader rights of access to
locations and information. States accepting the protocol will provide additional information
on nuclear and related activities. Moreover, the IAEA will have greater access to such
activities and to locations to assure the absence of undeclared nuclear material and activities
and to resolve any questions or inconsistencies.

The protocol is the direct outcome of the second part of a two-part process for
achieving a strengthened and more cost-effective safeguards system. Part I included:

• Environmental sampling
• No-notice inspections at the strategic points of all nuclear facilities
• The Agency's right of access to records of activities carried out before a

safeguards agreement enters into force
• Use of advanced technologies that can operate unattended to transmit information

to IAEA headquarters.

Part II measures incorporated in the protocol include:

• An "expanded declaration" to provide information on activities related to the
nuclear fuel cycle. This will help give the IAEA a better understanding of a
State's nuclear programme, its future directions, and the kinds of nuclear activities
the programme's infrastructure could support.

• Access to any place on the site of a nuclear facility, to any decommissioned
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facility, and to any other location where nuclear material is present and to assure
the absence of undeclared nuclear material and activities; to nuclear-related
manufacturing and other locations identified by the State in its expanded
declaration; and to other locations identified by the IAEA to resolve any questions
or inconsistencies.

• The use of certain agreed measures at these locations.

It will take some years before the strengthened system is fully operational. The
IAEA has initiated the process of acceptance by governments, and some already are taking
steps to adhere to the protocol.

For those states which have ratified the Protocol to date and have provided their
expanded declaration in accordance with Article 2, the Agency is now examining these
declarations and making a comparison with information available internally. Following this
initial phase, decisions will be made on the need to visit locations as defined the Protocol.
Depending on the type of location and tine amount of information available the Agency may
seek access to perform one or more of the following activities:

• Visual observation
• Collection of environmental samples
• Use of radiation detection and measurement devices
• Examination of records (production, shipping, etc.)
• Use of Remote Monitoring Techniques
• 'Other objective measures'.

The Department of Safeguards has developed an enhanced training curriculum for
safeguards inspectors and Member States' personnel to assist with the implementation of the
strengthened safeguards system. The Section for Safeguards Training responded to the
requirements arising from the implementation of the measures indicated under Part One and
Two of "Programme 93+2" and the Additional Protocol by identifying the training needs of
the Department, developing training courses to meet those needs and holding courses,
workshops and seminars on:

Environmental Sampling
Nuclear Fuel Cycle and Proliferation Indicators

Enhanced Observational Skills
Basic Engineering Design

Workshop on Design Information Review at Research Reactors
Workshop on Performing State Evaluations

Informational seminars on topics relating to new developments and
requirements for the department.

SUMMARY

The Agency's safeguards system has demonstrated a flexibility capable of responding
to the verification demands of its Member States. It is capable of safeguarding nuclear
materials, facilities, equipment and non-nuclear material. The Agency is in the process of
strengthening safeguards in its verification of declared activities.
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Since the early 1990's the Board of Governors took up the issue of strengthening
measures such as inspections at undeclared locations, the early provision of design
information, a system of universal reporting on nuclear material and certain nuclear-related
equipment and non-nuclear material. Following the Agency's "Programme 93+2", a major
step forward was the adoption by the Board of Governors of the Additional Protocol in May
1997. This included important strengthened safeguards measures based on greater access to
information and locations. A number of member states have already indicated their
willingness to participate in this system by signing the Additional Protocol and this is now in
the early stages of implementation for a few states.



IAEA Safeguards for the 21st Century
NuctearTraining Center, Ksrea Atomic Biergy Research Institute

Taejon, ^publ ic of Karea,18-20 October1999

The Evolution of Safeguards

O. Heinonen
Director

Division of Operations A
Department of Safeguards

International Atomic Energy Agency

Page 1/TrtWSesskjn I/Vtdaurre/Od.99

SUMMARY

Background Information

Technical Basis

Safeguards Inspections

Strengthened Safeguards System (SSS)

The Additional Protocol
International Atomic Energy Agency
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Legal Aspects

Non Proliferation Treaties
- Safeguards Agreements

• Subsidiary arrangements

- Facility attachments

- Design information

International Atomic Energy Agency
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MODEL AGREEMENT: INFCIRC/153

Article II
"The Agreement should provide for the Agency's

right and obligation to ensure that safeguards
will be applied ..."

".. . for the exclusive purpose of verifying
that such material is not diverted to
nuclear weapons or other nuclear
explosive devices."

International Atomic Energy Agency
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Technical Objectives of IAEA Safeguards

"Timely detection of diversion of significant quantities

of nuclear material from peaceful nuclear activities

to the manufacturing of nuclear weapons, or of

other nuclear explosive devices or for purposes

unknown and deterrence of such diversion by the

risk of early detection"

International Atomic Energy Agency
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Concept of Verification

Technical activity aimed at achieving
the political purposes of the IAEA

- Assurance

- Deterrence

International Atomic Energy Agency
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General Working Hypothesis

• Non compliance can not be excluded

• Low but non-zero probability that a
diversion can take place

International Atomic Energy Agency
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State' Reports

• On the basis of the NMA activities the
State submits the periodic reports:

- Inventory Change Reports (ICR)

- Material Balance Report (ICR)

- Physical Inventory Listing (PIL)

• When the State adheres to the
Additional Protocol:
- Declarations pursuant to articles 2 and 3 of

the Protocol International Atomic Energy Agency
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Methodology

Independent verification by :

- Document audits

- Item counting and identification

- Non-destructive and destructive
measurements

- Seal verifications, etc..

International Atomic Energy Agency
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Methodology
(continued)

Periodic closing of material balances

- Physical inventories taken by operator

- Verification by the IAEA inspectors

- Monitoring of flow of nuclear material

- Use of Containment & Surveillance (C/S)

International Atomic Energy Agency
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Nuclear Material Accountancy
(NMA)

• Based on the principle of conservation of matter

• Applied on Material Balance Areas (MBAs)

• Measurements made at Key Measurement Points
(KMPs)

International Atomic Energy Agency

Page li/mie/Sesston iArtdaurre/Od.B9

Page 12/Trtlc/Session t/Vriaufre/Oct.99



Significant Quantity

Quantity of nuclear material in respect of

which, taking into account any conversion

process involved, the possibility of

manufacturing a nuclear explosive device

cannot be excluded.

International Atomic Energy Agency
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Significant Quantities

Direct-use
Pu
233 U

U (235U > 20%)

Indirect'Use
U (235U < 20%)*
Th

8 kg total element
8 kg total isotope

25 kg contained 235U

75 kg contained 235U
20 t total element

Including natural and depleted uranium
International Atomic Energy Agency
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Detection Time

• Maximum time that may elapse between
diversion and its detection by Agency
safeguards

• Corresponds in order of magnitude to
conversion time

• Important in determining frequency of
inspections

International Atomic Energy Agency
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Timeliness Goals

Material Detection Time

Unirradiated direct-use 1 month

Irradiated direct-use 3 months

Indirect-use 12 months

International Atomic Energy Agency
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Inspections

Visits
- to verify the facility design information

Routine inspections
- to verify the information of reports submitted

by the States
- to verify the operator's statement on

inventories and inventory changes.

International Atomic Energy Agency
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Inspections
(continued)

• Ad Hoc inspections
- to verify information on initial reports
- to verify nuclear material before it is transferred

out of/into a state.

• Special inspections
- to collect additional information if information is

inadequate

International Atomic Energy Agency

Page 18mtle/SeBsion Wrfaune/OctS



Typical Inspection Activities

Auditing activities
- Accounting records examination

- Operating records examination

- Reconciliation of accounting and
operating records

International Atomic Energy Agency
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Typical Inspection Activities
(continued):

Comparison of Records
and Reports:

Correlation between facility accounting and operating
records with State Reports (ICR, MBR, PIL)

International Atomic Energy Agency ^ u ^ ]
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Typical Inspection Activities
(Continued)

Updating of the Book Inventory:

Establish the nuclear material at the date of
inspection

International Atomic Energy Agency

Page 21 /TfttefSession WKJaurre/Od.99

Typical Inspection Activities
(Continued)

• Inventory Flow Verification

• Verification of increases (imports, domestic receipts,
nuclear production, etc.)

• Verification of decreases (exports, domestic
shipments, nuclear loss, transfer to retained waste,
etc.)

International Atomic Energy Agency
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Typical Inspection Activities
(Continued)

• Inventory Verification:

• Objective: confirm the operator's recorded book
inventory present at the MBA

- Types: Physical Inventory Verification (PIV)
• following or coincident with Physical inventory taking

- Interim inventory verification:
• Part or all the inventory is verified for timeliness goals

International Atomic Energy Agency
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IAEA Inspectors Performing Spent Fuel
Verification Activities at Fukushima-Daiichi

Nuclear Power Plant, Japan

International Atomic Energy Agency
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Verification of
UF6 Cylinders

International Atomic Energy Agency
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Containment & Surveillance Measures
are Used to:

• ensure that each item is inventoried without
duplication

• ensure the integrity of samples

• reduce the need for repeating full verification

• cover specific safeguards situations
International Atomic Energy Agency
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Typical Inspection Activities
(Continued)

• Surveillance is used to detect:
- possible movements of nuclear material

- production of special fissionable material

International Atomic Energy Agency
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Application and Use of Seals

Seals are tamper indicating devices to join moveable
segments of a containment structure so that the
access is impossible without breaking the seal

International Atomic Energy Agency
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Examples of Application of Seals

• Missile shield blocks in reactors

• Channel gates and doors

• Spent Fuel casks and other containers

• Valves, instruments

• Samples, standards, documents

IAEA equipment International Atomic Energy Agency
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Since the discovery that Iraq had a clandestine
nuclear weapons programme,

The Role of the Safeguards system has
changed with

the Strengthened Safeguards System (SSS)
and the acceptance of the Additional
Protocol by the Board of Governors.

International Atomic Energy Agency
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The SSS

"The safeguards system for implementing
comprehensive safeguards agreements should be
designed to provide for verification of the correctness
and completeness of states' declarations so that there
is credible assurance of the non diversion of nuclear
material from declared activities and of the absence of
the undeclared nuclear material, facilities and
activities..."

/A
International Atomic Energy Agency ^

Page 31/Trtie/Se6Sk>n \MdaunelOct99

A Number of New Elements have
Introduced as Part I of the SSS:

Early provision of Design information
(Gov/2554)
Universal Reporting (Gov/2629)
Environmental Sampling
Enhanced Design Information Verification
(Including closed-down, built but never operated

facilities)
International Atomic Energy Agency
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A Number of New Elements have been
Introduced as Part I of the SSS (cont):

• Enhanced Co-operation with SSACs or
Regional Systems

• Unannounced/Short-Notice Inspections
• Remote Monitoring
• Information Analysis and Review.

Internationa! Atomic Energy Agency
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II of the SSS Provides Access to
Information to Assure the Absence of

Undeclared Nuclear Material and Activities

Expanded Declaration: including information on
- Nuclear fuel cycle: related research and development

activities, not involving nuclear material;
- Uranium mines and concentration plants, and thorium

concentration plants;
- On inventories of source materials;
- Quantities, uses and locations of exempted materials;

/<
International Atomic Energy Agency \
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f Part II of the SSS Provides Access to >
Information to Assure the Absence of

Undeclared Nuclear Material and Activities
(cont.)

¥ "Expanded" Declaration: including information
on
- Location or further processing of intermediate or

high-level waste containing plutonium, high enriched
uranium or U-233;

- Specified equipment and non-nuclear material.

.̂ ^Complementary Access International Atomic Energy Agency

Page 35/Tiile/Session WKJaurre/Od.99

Part II of the SSS Provides the agency

• Access to Any place on a site
• Any location identified by the state in

their declaration under article 2.a.I
• Any decommissioned facility or location

where nuclear material was used.

International Atomic Energy Agency
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Part II of the SSS is Now Incorporated into
the

Model Protocol Additional to
the Agreement(s) between

State(s) and the International
Atomic Energy Agency for

the Application of
Safeguards.

International Atomic Energy Agency
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The Key to the Agency's Success
in Verification is

ACCESS.

International Atomic Energy Agency
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Safeguards Measures

Need the substantial co-operation of the facility
operator and the State's Authority concerned

National SSAC
Regional SSAC

Multinational Authority

International Atomic Energy Agency
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Conclusions

Safeguards system responds to demands
of IAEA Member States and provides
assurances of the correctness of State's
declarations

IAEA safeguards effectiveness is being
strengthened and its efficiency is being
improved as a result of the
implementation of the new protocol,
hence completeness of States'

iS ^ n a t i o n a l Atomic Energy Agency
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