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Foreword

During the course of the preparation of this report many have questioned

the purpose of the report and Its role in international safeguards in relation

to existing documents such as INFCIRC/153(corrected), INFCIRC/66/Rev.2 and

IAEA/SG/INF/2. The first two documents provide requirements for IAEA

safeguards systems while the latter provides the basic structure for State

Systems of Accounting for and Control of Nuclear Material (SSAC). This report

is intended to provide the technical details of an effective SSAC which Member

States may use, if they wish, to establish and maintain their SSACs. It Is

expected that systems designed along the lines described would be effective In

meeting the objectives of both national and international systems for nuclear

material accounting and control. There is no intention that this report would

add to, subtract from, or amend in any way the rights and obligations defined

for the IAEA and the Member States In documents IHFClRC/66/Rev. 2, INFCIRC/153

(corrected) or any specific safeguards agreement concluded with the IAEA

pursuant to these documents.
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Part 1. INTRODUCTION

1.1 General

The development and maintenance of a state system of accounting for and

control of nuclear material (SSAC) can be directed toward two primary

objectives. One is a national objective to provide for detection of nuclear

material losses or unauthorized use or removal of nuclear material In the

Interest of public health and safety as well as for economic reasons. The

other is an international objective to provide the basis for the application

of IAEA safeguards pursuant to the provisions of agreements between a State

and the IAEA. While systems designed specifically for one or the other of

these objectives may differ in some details, many technical elements are the

same. To assist Member states with regard to the system directed toward the

international objective the IAEA issued IAEA/SG/INF/2, "Guidelines for

States' Systems of Accounting For and Control of Nuclear Materials". The

guidelines describe the legal structure and organizational and functional

elements of an SSAC at both the state and the facility level "for the

organization and functions of the SSAC with respect to obligations arising

from Safeguards Agreements concluded by a Member State with the IAEA".

Although the guidelines provide a basic structure for an SSAC, some Member

States have expressed a need for more detailed guidance with regard to the

technical elements in the design and operation of SSACs for both the national

and the International objectives. To meet this need a series of reports is

being prepared describing in considerable detail the technical elements of

SSACs at the facilities. In addition to the series of reports for facility

level SSACs, the present document has been prepared to provide detailed

descriptions of the elements of an SSAC at the state level.

It is intended that these documents will not only assist Member States in

establishing their national systems, but contribute to their understanding of

the IAEA's needs in carrying out its obligations, and thereby help to make

international safeguards more effective, efficient, and less burdensome to the

state and operator. It is also hoped that these documents will be a useful

training tool for those responsible for the operation of an SSAC at either the

state or the facility level.
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It is emphasized that the descriptions in these documents are of possible

SSAC's, and are not meant to be prescriptive in nature. There are many ways

to design an effective SSAC which will meet national objectives for nuclear

material accounting and control and at the same time will enhance the IAEA's

ability to achieve its objectives. In fact, the SSACs of a number of states

show considerable variation, while still being satisfactory from the IAEA's

point of view. Consequently, the material presented here should be regarded

as illustrative and representative of good practice. That is to say, on the

basis of its experience the IAEA is able to say that SSACs designed and

operated along the lines described are capable of meeting national system

objectives as well as fulfilling the undertakings of the Member State with

respect to international safeguards, and of enhancing the ability of the IAEA

to carry out its responsibilities.

1.2 Principal Elements of an SSAC

The guidelines presented in IAEA/SG/INF/2 address two levels of an SSAC:

The State Authority level and the facility level. The State Authority

organizational and functional elements of an SSAC are addressed under six

major headings:

1. Authority and Responsibility

2. Laws, Regulations and Other Measures

3. SSAC Information System

4. Establishment of Requirements of Nuclear Material Accounting and

Control

5. Ensuring Compliance

6. Technical Support

While the functional separation between the State Authority and the

facility levels may vary from state to state, in general the State Authority

level establishes the requirements and criteria for the SSAC and the facility

operator implements the system in compliance with State Authority requirements

and criteria. The technical requirements and criteria to be established are

outlined in IAEA/SG/INF72 for the State Authority organizational and
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functional elements but are not discusBed in detail. The descriptions and

examples presented in this document address the details of the State Authority

technical requirements and criteria as they relate to the facility level

system.

1.3 Purpose and Scope of this Document

The purpose of this document is to provide a detailed description of the

technical elements of a system for the accounting for and control of nuclear

material at the State Authority level which can be used by a state in the

establishment of a national system for nuclear material accounting and

control. It is expected that a state system designed along the lines

described also will assist the IAEA in carrying out its safeguards

responsibilities.

The scope of this document is limited to descriptions of the technical

elements of a state level system concerned with Laws and Regulations, the

Information System, and the Establishment of Requirements for Nuclear Material

Accounting and Control. The discussion shows the relationship of these

technical elements at the state level to the principal elements of an SSAC at

the facility levels. Some of the discussion and the examples will be based on

literature cited in the list of references at the end of each Part. The

discussion from the literature will not be repeated here. To understand the

descriptions and examples more fully, the reader is urged to consult the

references.

Because of the wide variety of political and organizational situations in

various states the basic organizational and functional guidelines stated in

IAEA/SG/INF/2 for topics number 1 and 5, Authority and Responsibility and

Ensuring Compliance, are as detailed as is appropriate and are not addressed

further in this document. Also, because of the wide range of technical

development in various states, further treatment of topic number 6, Technical

Support, Is not within the scope of this document except to note that such



support for training and assistance to operators in developing their SSACs can

be facilitated by the use of the series of facility level documents being

prepared in this programme.

The descriptions in this document are not intended to add to, subtract

from or amend in any way the rights and obligations defined for the IAEA and

the Member States in documents INFCIRC/66/R&V. 2, INFCIRC/153 (corrected), OF

any specific Safeguards Agreements concluded with the IAEA, but only to

provide information which Member States may find useful in the exercise of

their rights and the discharge of their obligations under their national

requirements and under their agreements with the IAEA.

References for Part 1;

IAEA/SG/INF/2: Guidelines for States' Systems of Accounting for and Control

of Nuclear Material. TAEA, Vienna, 1980

INFCIRC/66/Rev. 2: The Agency's Safeguards System. IAEA, Vienna, 1968.

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. IAEA, Vienna, 1972.
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Part 2. ELEMENTS OF AN SSAC AT THE STATE LEVEL

2.1 Objectives

A system of accounting for and control of nuclear material may have two

general objectives;

"(a) A national objective, to account for and control nuclear material in

a State and to contribute to the detection of possible losses, or

unauthorized use or removal of nuclear material

(b) An international objective, to provide the essential basis for the

application of IAEA safeguards pursuant to the provisions of an

Agreement between a State and the IAEA." (IAEA/SG/INF/2 - Sec.1.2.1)

A state will formulate policy, define objectives and assign

responsibilities appropriate for both national and international objectives.

(See IAEA/SG/INF/2 - Sections 2.1 Authority and Responsibility).

The basis for the national objective may be broader than for the

international objective. In addition to the use of accounting and control

measures to detect the loss, theft or diversion of nuclear material, a state

_.ay use the nuclear material accounting and control system for research

project control, financial control, and for health and safety purposes which

could involve a variety of physical protection and containment and

surveillance measures. The basis for the international objective will be the

agreements between a Member State and the IAEA based on such documents as

INFCIRC/153 (corrected) or INFCIRC/66/Rev. 2. Common to both objectives would

be accounting and control measures for detection of loss, theft or diversion

of nuclear material. It is these measures that are addressed in this document.

2.2 Laws and Regulations

2.2.1 Introduction

Given an SSAC objective to detect loss, theft or diversion of nuclear

material, a state will need to know what material is under its jurisdiction,



where It Is loctted, what use Is being made of it and who is responsible for

it. Further, the state will need measures to assure that this information

about the material is accurate. The basis for obtaining this necessary

information and for providing assurance of the initial and continuing accuracy

of the information can be provided through laws and regulations which include

provisions, criteria and requirements such as the following:

a. Definition of the starting point for accounting for and control of

nuclear material and the conditions for termination or exemption

from accounting and control.

b. Establishment of conditions for possession and use of nuclear

material, including establishment of criteria and requirements for a

system of accounting for and control of the material and

establishment of means to assure that such conditions are met both

initially and on a continuing basis.

c. Establishment of requirements for both routine and special reports

to the state of information pertinent to nuclear material

possession, use and disposition, including reports of changes in the

facility or facility systems that could affect material accounting

and control and reports of incidents involving loss of nuclear

material.

2.2.2 Definition of Starting Point for, Termination of and Exemption from

Nuclear Material Accounting and Control

In most states the starting point of accounting and control will be the

receipt of nuclear material by the state. This could be the result of a

transfer from another state, nuclear production in a reactor, or in mining and

milling operations in the state. Even when the material is in the form of ore

the state may wish to control it for public health or for economic reasons.

In the case of nuclear production, the starting point of controls could be

defined as the point at which the fuel is removed from the reactor or at which

it is shipped from the reactor. In any case the starting point for accounting

for and control of any nuclear material in the state should be at least as

early in the nuclear fuel cycle as is required by the state's international

obligations.
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Termination of accounting and control could occur in three ways:

a. The material is consumed in a reactor or decays, e.g. Pu-241 decay;

b. The material is transferred out of the state and another state

assumes responsibility for its accounting and control; or

c. The material has become practicably irrecoverable or has been

diluted in such a way that it is no longer usable for any nucl ur

activity.

For the first two ways termination is easily determined. When U-235 or

other nuclear material has been consumed, such as in a reactor, it no longer

exists and accounting and control are terminated but only on that material

that was consumed. In irradiated reactor fuel there will be material such as

uranium of lower enrichment than initially loaded or produced plutonium for

which accounting and control would be continued or started.

When material is transferred out of a state, the receiving state would

assume responsibility for the material in accordance with its national and

international objectives. The shipping state would no longer be responsible

for the accounting for or control of the material once it had been accepted

into the system of the receiving state. Criteria and controls for shipping

material to another state are addressed in a later section.

Termination in the third situation is not so easily determined.

Recovering the nuclear material may be technically impossible at that time or

most probably, uneconomic, the cost of recovery greatly exceeding the value of

the recovered material. An accident, or perhaps even a theft or diversion,

may have resulted in the material being irretrievably lost. It may also be

that the material is to be used in a non-nuclear activity, such as ceramics

production, so that it is not practicably recoverable for nuclear use.

Provisions and criteria need to be included in the state's system to remove

such material from the state's inventory as a measured discard or transfer to

non-nuclear use so that it is no longer necessary o maintain accounting for

and control of the material for international safeguards purposes. A state
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may wish to maintain some control over non-nuclear uses for health and safety

or other reasons. Criteria for termination of accounting for and control of

irrecoverable material nay change from time to time depending on changing

technical and economic considerations. A state may wish to retain some

material in the recoverable waste category because of a possibility of future

use or recovery or perhaps because there is no acceptable means of disposal.

Provision should be made in the state's system to remove such retained waste

from the facility inventory but still to retain control of it until it is

either disposed of as a measured discard or the nuclear material recovered and

returned to inventory. In the case of an accidental loss, theft or diversion,

a special report of the incident would be called for, but if the material is

irretrievably lost, accounting and control would be terminated. The state's

system should provide for investigation of such incidents as well as providing

for reporting of nuclear material consumed, losses and accidents and transfers

to retained waste in accordance with international agreements.

The state system criteria for termination of accounting and control for

measured discards or transfer to non-nuclear use should be consistent with the

state's international obligations. INFCIRC/153 (corrected) specifies in

paragraphs 11 and 13 the general conditions regarding such termination of

accounting and control.

A state may wish to exempt certain quantities or types of nuclear

material from detailed accounting and control procedures when such material

would not be hazardous from a public health and safety standpoint or

significant from a safeguards standpoint. Criteria for such exemptions should

be consistent with the state's international obligations. INFCIRC/153

(corrected) specifies in paragraphs 36, 37 and 38 the conditions for

exemptions under NPT safeguards agreements. It also provides in paragraph 14

for the non-application of safeguards to certain nuclear materials which a

state intends to use for non-proscribed military activity. It would be

expected, however, that such material would still be included in the national

system of accounting and control.
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2.2.3 Conditions for Possession and Use of Nuclear Material

A state will determine the conditions that are appropriate for both

national and international objectives as they pertain to nuclear material

under its jurisdiction. These conditions may pertain to the capability of the

facility operator to use nuclear material safely and not create a health

hazard and to be financially responsible for the nuclear material and Its use,

as well as to account for and control the nuclear material pursuant to

national and international requirements and obligations. This document will

address only the conditions pertaining to nuclear material accounting and

control.

The authority and responsibility for assuring compliance with the

conditions pertaining to the possession and use of nuclear material may be in

more than one organizational unit because the qualifications called for are

different for different conditions. There should be coordination and

cooperation among the various organizational units to assure that all

conditions are met.

A State Authority responsible for the accounting and control of nuclear

material in a state would have several functions which can be addressed in

five categories.

a. The State Authority would first need to establish requirements and

criteria to be met by the facility nuclear material accountancy

system. These are discussed in the next section in terms of an SSAC

it the facility level.

b. The State Authority would need to establish procedures to obtain

information necessary to assure that the facility had the capability

to adequately account for and control the nuclear material. This

could be done by requiring an application for permission to possess

and use nuclear material. The type of information to be included in

the application would need to be specified by the State Authority.

This could be done by means of a questionnaire similar to the IAEA
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Design Information Questionnaire (DIQ) which calls for facility

design information as well as a description of the nuclear material

accountancy system.

c. The State Authority would need to establish procedures to review and

verify the Information provided in the facility application. This

may take the form of inspections at various times such as:

1) inspection of construction of those parts of the facility

pertinent to material accounting and control;

2) inspection of the facility and its systems after their

completion but prior to receipt of any nuclear material at

the facility; or

3) inspection of the facility after receipt of material but

during system checks before routine operations have

started.

These review and inspection efforts would be best coordinated with

other organizational units that might be cor uctlng reviews, e.g.

inspections for health and safety or for other purposes, so that the

facility and U s systems and procedures, along with any changes made

or recommended, could be evaluated from all standpoints.

d. On the basis of a State Authority review of the facility

application, authorization to possess and use nuclear material could

be issued, perhaps in the form of a license. This action might

occur in more than one step depending on the type of facility and

the other aspects involved such as health and safety. The initial

authorization might be a construction permit, followed by

authorization for system testing and a final authorization for

routine operation. The material accounting and control part of the

authorization could specify the limits for possession and use of

nuclear materials in terms of limits on the type and quantity of

material and the use to which it could be put at the specific

facility. The authorization also could require compliance with
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genaral requirements for material accounting and control) which

could bo issued at regulations applicable to all facilities in the

•tate. Such general requirements are identified in more detail In

the following section.

e. Tho State Authority would need to establish procedures to assure

continued compliance with specific authorization condition* and with

the general material accounting and control requirements. This

could be done by means of an inspection and audit program. The

objectives of and activities Involved in such a program are

addressed in IAEA/SG/1NP/2, Section 2.5, Ensuring Compliance, in

sufficient detail so that they will not be addressed further here.

The State Authority also would need to make provision for

withdrawing the authorization to possess and use nuclear material or

for imposing additional limits on its possession and use should a

facility be found not to be in compliance with the authorized

conditions.

2.2.4 Reporting Requirements

to maintain knowledge of the possession use and disposition of nuclear

material under its jurisdiction a State Authority will need to require reports

from facilities which provide information on material receipts, inventories,

shipments and other dispositions such as discards or losses. Such reporting

requirements should take into account the information needed to satisfy

national objectives as well as that needed to meet the state's international

obligations. Reports based on the facility records are the product of the

facility nuclear material accounting system. The verification and evaluation

by either national or international inspectorates, of these reports and their

supporting records and accounting system make possible statements of the

effectiveness of the nuclear material accountancy system. The consistency of

the data appearing in the various related levels of records and reports

provides the basis for Identification of anomalies which may indicate a loss

or diversion of nuclear material.
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Three primary types of reports are associated with the NPT (i.e.

INFCIRC/153) international nuclear material accountancy system: Inventory

Change Reports, Material Balance Reports and Physical Inventory Listings.

Reports of a similar nature and content aro alio called for by 1NFC1RC/66

safeguards agreements. While safeguards agreements call for reports of these

types to be submitted by er through • State Authority, it it the facility

nuclear material accountancy system that provides the data for the reports.

The State Authority reporting requirements should assure that the appropriate

data from the facilities are submitted to the State Information System to

permit timely and accurate preparation of these reports. The State Authority

may wish to specify standard facility report format and content to make it

easier to compile the data for the entire state, to evaluate the reports and

to prepare State reports for international safeguards. This is discussed in

further detail in the section of the State Information System. For national

purposes, the State Authority also may wish to obtain from the facilities,

other information such as a MUP evaluation report, a shipper-receiver

difference evaluation report or a measured discard report. These additional

data will depend on the national objectives and are not addressed here.

In addition to the routine reports involving nuclear material inventories

and inventory changes the State Authority would need reports involving

facility operations, such as schedules for physical inventories or reactor or

process down tines, that could affect nuclear material accountancy or the

interaction of the state or the IAEA with the facility in terms of

inspections. The State Authority also would need special reports of changes

in the facility or facility systems or procedures that could affect nuclear

material accountancy. Such changes might also require approval of the State

Authority before they could be made and could result in a change in the

license or other authorization for the possession and use of the nuclear

material. Special reports also would be needed for abnormal incidents such as

an accidental loss or theft or diversion of nuclear material. Many of the

reports mentioned above will be noted in safeguards agreements as being

required by the IAEA. State regulations should be consistent with the state's

international obligations and assure that the appropriate information is

reported to meet such obligations.
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2.3 Information Svitem

2.3.1 Introduction

As noted in the previous section a State Authority will need to receive

from and trammit to facilities under its jurisdiction various kinds of

information to permit it to exercise control of the possession, use and

disposition of the nuclear material under its jurisdiction. In addition,

other information will be received from and sent to the IAEA and others, such

as shippers or receivers in other states. A system for the collection,

processing, retention, recall and transmission of this information is needed

to permit the timely, accurate, efficient and effective use of the information.

The size, cost and type (i.e. manual or computer) of such a system will

depend on the volume of information to be handled which will, in turn, depend

on the type and variety of nuclear materials and facilities in a state. One

measure that has been used in this context is the number of entry lines

reported to the IAEA each year. This number is obtained by summing the lines

in the Inventory Change Reports (ICR) and Physical Inventory Listings (PIL)

for a year. A rough indication of the need for a computer system is given in

the following table:

Entry lines/year Type of Computer
to IAEA

0 - 100 no computer, manual operation

100 - 10 000 micro computer

(personal computer)

10 000 - 30 000 mini-computer

< 30 000 computer, data base system, etc.

This may not be an appropriate measure for all systems because a state may

wish to include other information than that pertinent to IAEA reports. Such

information systems can be used for management of state sponsored research

projects, nuclear material allotment control or other such management



functions involving nuclear materials, Tha description of one such

information system which is quite large and complex and designed for a number

of purposes other than just nuclear material accountancy is described in

reference K/CSD/TN-4/1O. Another system considerably smaller, less complex

and designed specifically for nuclear material accountancy is described in

reference stcaka i960. Regardless of si-e and complexity, however, a State

Authority information system will need to include at least four categories of

information:

a. Design information,

b. Nuclear material inventory and transaction records,

c. Operations reports and records, and

d. Records of reports to and from the IAEA.

2.3.2 Design Information Records

A state would need to maintain a listing of the facilities under its

jurisdiction having nuclear materials and for each facility, design

information relative to such material and facilities. Much of the design

information can be obtained, as noted above, from questionnaires such as the

IAEA Design Information Questionnaire (DIQ). two references, Donelson 1979,

and STR-157 provide examples of responses to the IAEA-DIQ. For NPT

facilities, such design information would need to include:

a) initial facility design and operating procedures;

b) HBA-KMP structure;

c) material accounting procedures including description of the

principal elements of the facility SSAC;

d) measurement uncertainty data;

e) containment and surveillance information;

f) license or other authorization data and conditions; and

g) international safeguards agreement facility attachments applicable

to each facility.
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A state also may wish to include other information relative to national

objectives such as health and safety or project controls.

In addition to obtaining and retaining the initial set of design

information, measures would need to be established to maintain the design

information in a current status. Requiring the facility to report changes is

one measure that is bislc to the system. Inspection reports by the state and

the IAEA also could reveal changes that may not have been reported. Routine

operating and material accounting reports also can provide current data

relative to the changes in facility systems.

2.3.3 Nuclear Material Inventory and Transaction Records and Reports

It follows that for a state to maintain knowledge of the nuclear material

under its jurisdiction that there must be a system of records of the nuclear

material inventories possessed by each facility. Procedures also will be

needed to obtain reports of changes in such inventories on a timely basis.

Such records and procedures would need to include:

a) ledgers or other records of inventories at each facility;

b) transaction reporting requirements, forms, and time restrictions,

including material transfers, as well as material exemptions and

deexemptions, nuclear loss and production, measured discards etc.;

c) shipper-receiver difference data and its evaluation criteria;

d) specific procedures for international transfers; and

e) procedures for in-transit accounting for material, including advance

notification of receipts and shipments.

2.3.4 Activity and Operations Records and Reports

A significant part of a state's evaluation of the effectiveness of a

facility's accounting and control system is the history of the facility's

activities and operations. The information system would need to be capable of

providing this history including:
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a) inspection reports, both national and international, including

records of anomalies discovered and their resolution;

b) reports of incidents involving nuclear materials such as accidental

losses or thefts and the evaluation and resolution of such incidents;

c) MUF reports, evaluation and investigations; and

d) operating schedules that could affect, material accounting and

control such as physical inventory taking schedules, plant down

time, reactor load-out, etc.

2.3.5 Reports To and From the IAEA.

While reports to and from the IAEA might be considered to be a part of

the operations records and reports it may be useful in responding to

international obligations to have international safeguards reports identified

separately in the information system. In particular this would include such

data as:

a) Physical Inventory Lists,

b) Material Balance Reports,

c) Inventory Change Reports,

d) Inspector designations,

e) Inspection schedules, and

f) Advance notification of receipts and shipments.

2.3.6 Examples

Examples of information systems are described in references K/CSD/TM-4/10

and Straka 1980. No further examples are provided here.

2.4 Criteria and Requirements For Nuclear Material Accounting and Control

2.4.1 Introduction

As noted above, while the functional separation between the State

Authority and the facility levels may vary from state to state, in general the
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State Authority level establishes the requirements and criteria for the SSAC

and the facility operator Implements the system in compliance with State

Authority requirements and criteria. Technical requirements and criteria to

be established are identified in TAEA/SG/INF/2 in the following twelve areas:

1) Starting Point, Termination and Exemption of Accounting and Control

2) Categorization of Nuclear Material

3) Material Balance Areas

4) Records and Reports System

5) Measurement System

6) Nuclear Material Flow

7) Physical Inventory Taking

8) Shipper/Receiver Differences

9) Material Balance Closing

10) Measurement Control

11) Application of Containment and Surveillance Measures

12) International Transfers of Nuclear Material

The requirements of an SSAC will depend, among other things, on the types

of nuclear activity, form and quantity of nuclear material and completeness of

the nuclear fuel cycle in the state. States having extensive bulk handling

facilities (enrichment, conversion, fabrication, reprocessing) would need to

have SSACs which include all of the requirements and criteria, while states

having only research reactors or power reactors would not need all of them.

2.4.2 Starting point, termination and exemption of accounting and control

The State Authority should consider the following:

(a) The starting point for the application of accounting for and control

of nuclear material should be at least as early in the nuclear fuel

cycle as is required by the state's international obligations.
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(b) Accounting and control should be terminated on nuclear material upon

determination that the material has been consumed or has been

diluted in such a way that it is no longer usable for any nuclear

activity or has become, in practice, irrecoverable.

(c) The conditions for exemption from and termination of accounting and

control should be specified, In a manner consistent with the state's

international obligations.

For NPT cases, safeguards are not applied to material during mining or

ore processing activities. The starting point of safeguards is stated in

INFC1RC/153 (corrected), paragraph 34(c):

"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 the State, the nuclear material

shall become subject to the other safeguards procedures specified in the

Agreement."

As for the termination of safeguards, according to INFCIRC/153, if the

state considers that the recovery of safeguarded nuclear material from

residues is, for the time being, impractical or undesirable, the IAEA and the

state shall consult on the appropriate safeguards measures to be applied.

Agreements usually provide that that at the request of the state the IAEA

shall exempt nuclear material from safeguards as follows:

(a) special fissionable material when it is used in gram quantities or

less as a sensing component In instruments;

(b) nuclear material, when it is used in non-nuclear activities, even if

such nuclear material is recoverable; or
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<c> plutonlum with an isotopic concentration of plutonium-238 exceeding

80%.

Nuclear material that would otherwise be subject to safeguards shall be

exempted from safeguards at the request of the states, provided that nuclear

material so exempted in the state does not at any time exceed:

a) one kilogram in total of special fissionable material;

b) ten metric tonnes in total of natural uranium end depleted uranium with

an enrichment above 0.5%;

c) twenty metric tonnes of depleted uranium with an enrichment of 0.5% or

below; or

d) twenty metric tonnes of thorium.

2.4.3 Categorization of nuclear material

Categorization of nuclear material would need to be established in order

to enable an appropriate balance to be maintained between the significance and

accessibility of material and the intensity of accounting and control

measures. This categorization should consider characteristics of significance

for accounting and control, e.g. the material type and isotopic composition

(including in particular the content of fissile isotopes) and the irradiation

status. Some states may require material to be categorized and reported by

country of origin. The categorization could be used, in conjunction with

information on quantities of nuclear material involved, in specifying the

intensity of accounting and control measures, including the talcing of physical

inventories and the determination of HUF. For example, plutonium and high

enriched uranium could be in the highest category, followed by low enriched

uranium, then natural uranium and finally depleted uranium and thorium.
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2.4.4 Material Balance Areas

The State Authority would need to establish the factors to be taken into

account and the criteria to be met in the determination of material balance

areas (MBAs), They could include the existence and location of key

measurement points, containment and surveillance possibilities (particularly

to help ensure the completeness of flow measurement), the accuracy with which

the material balance can be establish"'1 and the type of accounting, i.e. item

or mass accounting). The State Autho** uld need to approve the facility

MBAs. States which concluded with the IAEA a Safeguards Agreement based on

document INFCIRC/153 (corrected) should as far as possible use a system of

MBAs which is compatible with the system agreed in the Subsidiary Arrangements

between the IAEA and the state. The material balance areas required under

Safeguards Agreements may be further sub-divided for the state's own purpose.

The IAEA has usually recommended a 3-MBA structure for most bulk-handling

facilities, namely:

- a feed storage area (shipper/receiver difference MBA)

- a process MBA

- a product storage MBA.

The main purposes of this structure are:

- to separate process MUF from shipper/receiver differences

- to make the process MUF a more sensitive loss indicator by removing

the effect of large feed and product storage Inventories

- to facilitate item accounting and C/S activities in storage areas.

A one-MBA structure may be used provided that these three purposes can

still be achieved by careful definition of inventory key measurement points

and reporting practices. Also a one-MBA structure normally is used for item

facilities such as research and power reactors. Multi-unit power reactors,

however, may have more than one MBA.
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2.4.5 Records and Reports System

The State Authority would need to establish the requirements (for

material both in identifiable items and in bulk form) for accounting and

operating records and reports for each MBA to provide relevant data on

nuclear material transactions and operations that affect the accounting for

and control of nuclear material.

These requirements would need to:

a) define source data to be maintained in accounting and operating records

and retention time for records;

b) define batch data to be included in accounting reports including

example report forms;

c) define procedures for adjustment of accounts after physical inventory

taking, for shipper/receiver differences and corrections for mistakes;

and

d) specify accounting reports to be made for both national and

international purposes.

2.4.6 Measurement System

The State Authority would need to establish requirements for a

measurement system and measurement uncertainties, including provisions for

the determination of nuclear material received, produced, shipped, lost or

otherwise removed from inventory and for the determination of inventory

quantities based on sampling and chemical or non-destructive analysis, as

appropriate.

The measurement system includes personnel, procedures and apparatus

used for accounting measurements and would need to provide for:

- Identification of the key measurement points in the process and the

characteristics of the nuclear material to be measured;

- Specification of measurement performance desired;

- Specification of the measurement technique(s) to be employed;
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- Equipment maintenance provisions and procedures;

- Operator's qualifications and provision for training;

- Calibration standards and procedures;

- Routine measurement and data analysis procedures;

- Procedures to control the quality of measurements and to maintain

performance at the desired level.

2.4.7 Nuclear Material Flow

The State Authority would need to establish requirements, when

relevant, for the accounting and control of the flows of nuclear material,

talcing into account the degree of assurance to be obtained from containment

and surveillance measures. Requirements for measuring, including

corresponding uncertainties, and for identifying receipts, shipments, and

transfers within a facility would need to be defined as necessary to provide

for periodic material balances.

2.4.8 Physical Inventory Talcing

The State Authority would need to establish the requirements, including

the completeness, frequency and allowable limits of measurement uncertainty,

for the different categories of material, of the- physical inventories to be

taken by the facility operators, taking into account the degree of assurance

to be obtained from containment and surveillance measures. Provisions would

need to be made to notify the IAEA in advance of dates when physical

inventories will be taken.

State Authority requirements for physical inventories could include:

a) a system of stratification of the nuclear material in the inventory;
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b) criteria for accepting measurements already made, including provision

for the use of seals to assure the validity of the previous

measurements;

e) criteria for limiting the quantity of nuclear material in

difficult-to-measure forms;

d) criteria for complete or partial clean-out of plants, Including

criteria to determine the degree of completeness of the clean-out

required and methods to assure that those criteria are met; and

e) criteria for re-establishment of the physical inventory, e.g. unusually

large MUF, operating accident or unusual loss.

2.4.9 Shipper/Receiver Differences

The State Authority would need to:

a) establish the requirements for identifying, reviewing, resolving and

evaluating differences in all shipper/receiver measurements and for

deriving the limits of measurement uncertainty of transfers between

MBAs within its control; and

b) describe the procedures to be followed when shipper/receiver

differences or their limits of measurement uncertainty exceed specified

values.

These requirements could include:

a) the extent to which independent shipper/receiver measurements between

NBAs in a fuel cycle (excluding reactors) are required to facilitate

independent verification of the flow of nuclear material;
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b) estimates of limits of measurement accuracy, and

c) criteria for evaluation of S/R difference.

2.4.10 Material Balance Closing

The State Authority would need to:

a) Establish the requirements:

- for the striking of material balances, and for calculating MUF

together with its limits of measurement uncertainty;

- for the determination of the components of the material balance

through the use of measurements or derived estimates based upon

measurement; and

- for the evaluation of accumulations of unmeasured inventory and

unmeasured losses and their limits;

b) Require that MUF be held to the lowest practicable level;

c) Specify limits for MUF and for the measurement uncertainties associated

with MUF, conforming substantially with (or being superior to) the

latest international standards;

d) Specify procedures for routinely monitoring conformance to these

standards; and

e) Prescribe procedures to be followed when MUF or the measurement

uncertainties associated with MUF exceed the specified level.

The IAEA has not set standards for the quality of individual

measurement nor is it the intent of this document to do so. Instead,

standards of expected accuracy have been identified for the closing of a

material balance (0 MUF) which represents a combination of feed, product,
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waate and Invantory measurements (Tabla 1). Thua, tha operator Is fraa to

use any combination of measurements that are economic and still achieve the

material balance accuracy standard.

TABLE 1. EXPECTED UNCERTAINTY (STANDARD DEVIATION) OF A MAT
EXPRESSED AS PER CENT OF INVENTORY OR THROUGHPUT

Facility Type

Uranium Enrichment

Uranium Fabrication

Plutonium Fabrication

Reprocessing, Uranium

Reprocessing, Plutonium

Expected Accuracy
of o HUP*

0.2

0.3

0.5

O.S

1.0

Expressed as a percentage of the larger of inventory or throughput

2.4.11 Measurement Control

The State Authority would need to require a measurement control programme

with the objectives of ensuring that the adequacy of routine operation of the

measurement systems is confirmed; that measurement systems are recalibrated at

appropriate intervals; that random and systematic errors are properly

estimated for propagation so that the limits of measurement uncertainties

associated with MUF can be established; and that clerical errors are, so far

as practicable, detected and corrected.

Such a programme could include:

a) evaluation on a continual basis of the random and systematic errors

associated with weight, volume, sampling, and analytical measurements and

the use of the evaluation to establish limits of uncertainty for all

quantities of nuclear material in the material balance;
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b) definition of the statistical methods to be used to evaluate meaourement

and calibration data, estimate limits of uncertainties and to combine

(propagate) uncertainties for S/R differences, inventory changes,

physical Inventory and MUF; and

c) establishment of criteria for significance testing of accuracy and bias

for each measurement and for significance testing of MUFI both

statistical and safeguards significance.

2.4.12 Application of Containment and Surveillance Measures

Containment and surveillance measures are useful and convenient in some

situations to enable the State Authority, as part of its nuclear material

control function, to monitor flows, to confirm the integrity of stores, and in

general to indicate when material present in an MBA or facility is removed

without appropriate accounting action.

When containment and surveillance or accountancy measures have failed or

indicate possible unauthorized removal of nuclear material, the facility

operator should be required to conduct a comprehensive investigation and to

take appropriate corrective actions which may Include re-establishing of

corresponding inventories.

Review of the design of facilities permits the most cost effective

combination of accountancy, containment and surveillance procedures, equipment

and features of facilities to be determined.

2.4.13 International Transfers of Nuclear Material

The State Authority would need to establish requirements for

international transfer of nuclear material with specifications (including

timing) for necessary arrangements for advance notifications, accounting and

control responsibility, and reporting on nuclear material shipped and received.
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There are some practical problems Involved in international transfers

especially from the international safeguards viewpoint of the IAEA. Two of

these in particular are transfer of accounting and control responsibility and

continuity of material identity.

States involved in international transfers should agree upon the point of

the transfer of accountability and control responsibility.

Shipping states need to provide shipment identification, i.e. batch

identity, which will be reported to the IAEA in ICRs. Receiving states need

to use this same identification in reporting receipt of the material in their

ICRs even though the receiving state may use a different identity for domestic

purposes. This will enable the IAEA to close the record on an international

shipment.

2.5 Example Laws. Regulations. Criteria and Requirements

Examples of laws, regulations, criteria and requirements for state

systems for accounting for and control of nuclear material are given in three

references. US-CFR is an example of a complex system involving the full range

of fuel cycle facilities including many research facilities. EURATOM-1976 is

an example of a multinational system. Czech-1978 is an example of a less

complex system designed specifically with INFCIRC/153 (corrected) in mind.
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