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Abstract

Canada has established a safeguards research and devel-
opment program whose purpose is to supplement the resources of
the IAEA. The program of support is a coordinated effort for the
development and application of safeguards techniques and instruments
to reactors of Canadian design. This document sets forth those
tasks which comprise the program.

Résumé

Le Canada a instauré un programme de recherche et de
développement des garanties dont le but est de suppléer aux
ressources de l'AIEA. Le programme de soutien consiste en des
efforts coordonnés dans le développement et l'application des
techniques et des instruments de garanties pour les réacteurs
de conception canadienne. Le présent travail décrit ces tâches
ainsi que le programme.
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INTRODUCTION

Canada endorses the concept of international safeguards as a means by which the
proliferation of nuclear weapons can be discouraged. Indeed, Canada was an early
signatory of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT) and one of
the first to accept International Atomic Energy Agency (IAEA) inspection. As both a
user and an exporter of nuclear power reactors and nuclear materials Canada also
accepts an obligation to assist the IAEA in the development and application of
effective safeguards. Moreover, it enthusiastically supports the effective
implementation of such safeguards by the International Atomic Energy Agency, both
domestically and in other countries. To do this it is recognized that the IAEA must
have strong, viable techniques and the active cooperation of the member states.

For many years the IAEA has pursued, within its resource limitations, solutions
to a number of safeguards problems. One such problem was the need for an improved
system of safeguards suited to the CANDU reactor, since available techniques
did not provide the required level of safeguards assurance. To supplement the
resources of the IAEA in this area, the Canadian Government decided to initiate a
safeguards research and development program which is progressing at a rate
commensurate with manpower and financial limitations and the ability of the IAEA to
absorb such assistance.

ïhe Canadian support program is a coordinated effort for the development and the
application of safeguards instruments and techniques for reactors of Canadian design,
both CANDU power reactors and research reactors. The projects undertaken are only
those that receive IAEA approval, and IAEA involvement is sought at all stages of
these projects. The program encompasses research, development, and applications
engineering. Equally important, however, are the modifications that must be made to
the reactor design for the incorporation of instruments and techniques. Therefore,
concurrently, but outside this program, a detailed engineering design program is
going on in parallel. The combination of the support program and the parallel
engineering effort will ensure that suitable safeguards instruments and techniques
can be installed on each Canadian designed reactor within a reasonable time span.

So that the IAEA may contribute to the direction of this support prograr. and
absorb the technology it produces, Canada is providing a limited number of cost-free
experts to the IAEA. Normally, these cost-free experts would be employed in the
Division of Development and Technical Support in fields determined by the IAEA, but
other expert technical assistance for seminars and training are made available when
required. This manpovrer assistance is ever and above the historic Canadian
involvement in the Division of Operations, Department of Safeguards. The close
cooperation and coordination of all the involved groups in Canada and the IAEA is
essential for the program to be successful.
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BOLE OF CANADIAN ORGANIZATIONS

The Atonic Energy Control Board (AECB) and Atomic Energy of Canada Limited
(AECL) have major roles in the execution of this support program. The AECB is the
regulatory body with the responsibility for controlling all aspects of nuclear
activities in Canada. It is responsible for ensuring that the IAEA is able to
implement the NFT safeguards agreement in Canada, it provides liaison between the
IAEA and Canadian nuclear facility operators, and it ensures that operators meet the
conditions laid down in the safeguards agreement. îhe AECB also advises the Canadian
Government on matters related to safeguards.

Atonic Energy of Canada Limited (AECL) is a crown corporation whose principal
mandate is to develop nuclear power in Canada. It is the prime nuclear research and
development organization in Canada and the prune nuclear reactor design engineering
group. As well it is the organization responsible for export sales of the CRNDU
nuclear reactor. Part of its mandate is to ensure that CANDU nuclear design will
support adequate safeguards.

The Department of External Affairs has an advisory and liaison role in the
program and the Treasury Board Secretariat is responsible for review and approval of
funding. Other organizations within Canada may be involved in safeguards to a
limited extent as subcontractors to either AECB or AECL.

Under this program, the role of AECB is:

(a) overall program coordination,

(b) to establish in consultation with the IAEA the individual tasks which
comprise the program,

(c) to establish, in cooperation with the IAEA, the priorities of approved
tasks,

(d) to arrange for approved tasks to be undertaken,

(e) to arrange for the availability of funds with which approved tasks may be
undertaken#

(f) to recruit, train and arrange for experienced manpower to be attached to
the IAEA under the cost-free manpower assistance program,

(g) to arrange for the training of IAEA personnel and for seminars by experts
when this relates directly to support program activities,

(h) to administer the use of travel funds set aside for IAEA staff in support
program activities, and

(i) to liaise with the IAEA about on-going problems, the progress in the
various tasks, arri on the development of safeguards concepts.
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The role of AECL under this program includes the following:

(j) to undertake most of the tasks in the support program, especially with
respect to research and development for new equipment and to develop
conceptual safeguards schemes for the use of equipment and techniques in
particular reactor types,

{k) the installation and testing of equipment in each facility, and

(1) bo liaise with the IAEA on those program tasks undertaken by AECL.

•Hie support program represents only a portion of the work necessary to install
an effective safeguards scheme as an integral part of a reactor facility since, at
the same time, significant efforts must be made to ensure that each reactor facility
is modified to accept the safeguards equipment required. This concurrent engineering
effort lies outside the scope of this support program and it is funded, administered
and performed by AECL.

FINANCIAL

The support program covers the direct costs of the support program tasks that
have received both approval in principle by the IAEA and the approval of Canadian
authorities. Financial administration of the support program is the responsibility
of the AECB, and the IAEA is not expected to approve the costing of any particular
task.

The cost of IAEA staff travel incurred in pursuit of program tasks or to attend
meetings which are part of this support program is paid for by Canada, provided such
travel has been approved and authorized by the AECB.

All costs associated with the provision of expert manpower are borne by Canada.
The costs for a particular expert normally include relocation expenses, post
adjustments, salary, and administrative overheads and are negotiated by the IAEA and
the AECB before the hiring of the individual concerned. The IAEA and the AECB have
agreed on a procedure by which the IAEA recovers these costs from Canada.

PROGRAM TASKS

The overall objective of the progran described in this document is to develop
and implement suitable safeguards systems for Canadian designed reactors. The
progran has been subdivided into tasks so that it is flexible and can be easily
expanded or modified in the light of experience and changing requirements. New tasks
can be proposed by any party and will be added to the program provided that the IAEA
and the AECB agree on the usefulness and priority. Formal addition of new tasks to
the program will normally take place once a year in November. In order that all
parties can benefit fran experience and use this in proposing or approving new tasks,
the list of approved tasks is limited to those that can be started within two years
from the nominal issuance of the list.
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This document presents the project tasks in four categories: manpower
assistance, system studies, equipnent, and miscellaneous. This categorization is
done merely to systematize the document, and implies nothing about priority or
scheduling. The manpower assistance section considers cost-free experts and
technical experts and technical expert assistance in the form of seminars and
training. The tasks in the system studies section concern the development of
safeguards system concepts. The equipnent section deals with tasks related to
equipnent specially designed for particular reactors. ïhe fourth category
(Miscellaneous) is for those tasks which do not readily fit into the previous three
groups, such as the provision of physical standards.

The IAEA, AECB and AECL (and other Canadian authorities when required) meet
periodically to review the program, the progress on individual projects and to bring
the program document up to date.

NOTE ADDED TO REVISION 1;

A revision of the original support program document was necessary since many of
the tasks have evolved and their descriptions should be changed to reflect this. As
well, a number of new tasks have been added and a few have been completed.

Each task described in this program document has been assigned a priority of
either "high" or "low" based on advice from the IAEA concerning their needs. It is
expected that these priorities will change in the course of time as problems are
solved, fade in importance, or rise to prominence.

All complète or cancelled projects have been placed at the end of the program
document.
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MANPOWER ASSISTANCE

TV» types of projects are advanced in this section: cost-free experts (CFE) and
engineering and scientific support (ESS). A cost-free expert in this program is a
Canadian on the staff of the IAEA under the terms of a special services agreement,
all costs being paid by Canada.
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PROJECT: CFE-1

TASK: Safeguards system analyst

NEED: A cost-free expert to serve on IAEA staff to evaluate proposals
for and/or to advance proposals for a safeguards system for
CANDU stations.

GOAL: The establishment of a safeguards system for each CANDU reactor
or station.

WORK: 1. Evaluate proposed safeguards system
2. Make proposals for safeguards systems
3. Develop criteria for systems suited to the CANDU reactor
4. Liaison on system studies tasks

TERM: One year, renewable

FRIORITY: High
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PROJECT: CFE-2

TASK: CANDU safeguards instrumentation expert

NEED: A cost-free expert to serve on IAEA staff: (a) to assist in the
development of instrumentation for safeguarding Canadian
produced reactors, and (b) to assist in coordinating the
Canadian support program.

GOAL: Improved and new instruments for CANDU safeguards, such as seals
at spent fuel stores, surveillance systems, and material flow
monitors.

WCRK: 1. Collaborate with IAEA staff in developing criteria for
instrument performance.

2. Collaborate with IAEA staff in determining needs for new
instrumentation.

3. Develop instruments as required, and participate in testing
and evaluation.

4. Interact with Canadian support program office on task ESS-2.

TEIW: One year, renewable

PRIORITY: High
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PROJECT: CFE-3

TASK: CAMDU reactor designer

NEED: A c o s t - f r e e exper t t o serve on IAEA s t a f f to provide technica l
a s s i s t ance with regard t o designs of CANDU power s t a t i o n s and
research reactors.

GOAL: To ensure good knowledge of CANDU designs rests with the IAEA.

WORK: 1. Review design information now available within the IAEA.
2. Recommend acquisition of additional data vdiere required.
3. Assist IAEA staff in the preparation of safeguards

techniques and procedures.
4. Establish design guidelines to enhance the safeguardability

of the CANDU reactor

TERM: One year, renewable

PRIORITY: low
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PROJECT: ESS-1

TASK: Seminars on aspects of the CANDU reactor

NEED: To provide courses of instruction in Vienna on various aspects
of the CANDU power station.

GOAL: To give a survey summary of information relevant to the CANDU
reactor to IAEA safeguards staff.

WORK: Provide survey course of lectures on various aspects of the
CANDU reactor.

TEEM: 2 courses, 1 week in duration.

PRIORITY: Low
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PROJECT: ESS-2

TASK: Training For Use of Safeguards Equipnent

NEED: To assist the IAEA in the preparation of training aids relating
to safeguards equipment installed in Canadian designed reactors.

GOAL: To ensure that safeguards equipnent can be utilized in an
effective manner.

WORK: 1. Assist in preparing manuals and training aids
2. Assist in conducting training courses to instruct IAEA

inspectors.

TEPM: Continuing

PRIORITY: High
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PROJECT: ESS-3

TASK: Attendance a t technica l meetings

NEED: IAEA staff need to consult with Canadian safeguards staff on
technical matters relating to CANDU safeguards. îhis may best
be done by attendance at task force or working party meetings.

GOAL: Funding of IAEA participation in technical meetings in Canada.

WORK:

TERM : Continuing

PRIORITY: High
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SYSTEM STUDIES

Project tasks which fall into this section are those which relate to the
determination of what would constitute an acceptable or adequate safeguards
system for a particular reactor or a reactor type. These projects are related
to concepts rather than equipment. There are at least two steps required before
a safeguards system can be put in place: the diversion analysis and the system
design. While general rules may be applied, each facility must be examined and
considered individually.

System studies tasks relating to the 600 MW design have been undertaken and
completed prior to 1978. A diversion path analysis and a safeguards scheme were
produced and provisionally accepted with minor modification by the IAEA.
Equipment tasks relating to the 600 f*tf reactor remain to be completed.

The tasks in this group are studies undertaken in cooperation with the
IAEA. The actual implementation of a safeguards regime at a reactor facility
will depend upon agreements reached between the IAEA, the country in which the
facility is located, and the facility operator.
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PROJECT: S-l

TASK: Development of a safeguards scheme for 125 MW CANDU reactor.

NEED: A design for a safeguards system is nodded as a complement to
IAEA accounting activities to provide safeguards for the reactor
facility.

GOAL: lb assist the IAEA to produce a total safeguards scheme which
will provide safeguards for the 125 MW CANDU reactor facility.

WORK: Assist the IAEA to:
1. compile design information
2. produce a diversion analysis
3. produce a safeguards scheme

TERM: Dependent upon IAEA request

PRIORITY: High
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PROJECT: S-2

TASK: Development of a safeguards scheme for NRX-type reactor.

NEED: A design for a safeguards system is needed as a complement to
IAEA accounting activities to provide safeguards for the reactor
facility.

GOAL: To assist the IAEA to produce a total safeguards scheme which
will provide safeguards for NRX-type reactor facility.

WORK: Assist the IAEA to:
1. compile design information
2. produce a diversion analysis
3. produce a safeguards scheme

TERM: Dependent upon IAEA request

PRICRITY: Low
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PROJECT: S-3

TASK: Development of a sa feguards scheme for 200 MW CANDU r e a c t o r .

NEED: A des ign for a safeguards system i s needed a s a complement t o
IAEA accounting activities to provide safeguards for the reactor
facility.

GOAL1. To assist the IAEA to produce a total safeguards scheme which
will provide safeguards for the 200 MW CANDU reactor facility.

WORK: Assist the IAEA to:
1. compile design information
2. produce a diversion analysis
3. produce a safeguards scheme

TERM: Dependent upon IAEA request

PRIORITY: Low
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PROJECT: S-4

TASK: Developnent of a safeguards scheme for Bruce-A CANDU s ta t ion .

NEED: A safeguards system needs to be designed as a complement to IAEA
accounting activities to provide safeguards for the reactor
facility, taking into account the fact that the reactors are now
operating.

GOAL: To assist the IAEA in establishing a total safeguards scheme
which will provide safeguards for the Bruce CANDU reactor
facility.

WCRK: . 1. compile design information
2. produce a diversion path analysis
3. produce technical assistance to IAEA as needed including

feasibility studies.

TERM: Start:
Complete:

1 April 1979
1 March 1980

ERICRITY: High
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PROJECT: S-5

TASK: Development of a safeguards scheme for Pickering-A CANDU
station.

NEED: A safeguards system needs to be designed as a complement to IAEA
accounting activities to provide safeguards for the reactor
facility, taking into account the fact that the reactors are now
operating.

GOAL: To assist the IAEA in establishing a total safeguards scheme
which will provide safeguards for the Pickering reactor
facility.

WCRK: 1. compile design information
2. produce a diversion path analysis
3. produce technical assistance to IAEA as needed including

feasibility studies.

TERM: Start:
Complète:

1 April 1980
1 January 1981

PRIORITY: High
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EQUIPMENT

Although the principles of operation of various kinds of safeguards
equipment may be generally applicable, the specific design may be influenced by
the reactor type or even the individual reactor design. Such equipment includes
the bundle counter, covers and seals, the irradiated fuel verifier, and the
fresh fuel interrogator. Indeed nuch of this equipment may not ba interchange-
able from station to station, since not only will it be engineered to fit into a
particular reactor type but also there often are minor differences between
reactors within one type.

There are other pieces of equipment for which the design will be much less
reactor-type dependant. TV surveillance cameras and yes-no monitors fall into
this category. In soie cases assistance with the acquisition of this sort of
equipment will be given under this support program.

ïhe use of this equipment at a reactor facility is contingent upon the
agreement of the country in which the facility is located.
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PROJECT: B-l

TASK: Developnent of a bundle counter for the 600 MW CftNDU reactor.

NEED: The flow of spent fuel from the reactor face to the spent fuel
storage bay is continual. To have assurance that diversion has
not occurred in the irradiated fuel handling system this flow
should be monitored. This task encompasses the generic work
required to develop a monitor for the 600 MW typa CANDU reactor.

GOAL: To produce a bundle counter suited to the 600 MW CANDU reactor.
Such a device must be designed to match the particular
parameters of the irradiated fuel transport system and the
irradiated fuel for this reactor type/

WORK: 1. Determine parameters of transport system and irradiated fuel
2. Design suitable counting device
3. Construct prototype device
4. Install prototype device

< 5. Bring to an acceptable level of performance
6. Operational test

TERM: Start: 1 June 1977
Install:
Operational: 1 November 1980

PRIORITY: High
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PROJECT: B-2

TASK: Provision of bundle oounters for four 600 MW CANDU stations.

NEED: The flow of spent fuel from the reactor face to the spent fuel
storage bay is continual. To have assurance that diversion has
not occurred in the irradiated fuel handling system this flow
should be monitored.

GOAL: To produce a bundle counter suited to the 600 MW CANDU reactors.

WORK: 1. Construct devices suited to the particular installations.
2. Deliver, install, and test.

TEEM: Start: 1 April 1978
Operational: 1 November 1980 through 1 December 1982

PRIORITY: High
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PROJECT: B-3

TASK: Provision of fuel flow monitors for the Bruce-A CftNDU station.

NEED: Hie flow of new fuel into the reactor and of spent fuel fran the
reactor face to the spent fuel storage bay is continual. To
have assurance that diversion has not occurred this flow should
be monitored.

GOAL: To produce fuel flow monitors suited to the Bruce-A CANDU
station. Such devices will need to be designed to match the
particular parameters of the spent fuel transport system and the
spent fuel for these reactors.

WORK: 1. Determine parameters of transport system and of new and
irradiated fuel

2. Determine IAEA requirements
3. Design device(s) to meet requirements
4. Construct and test
5. Install and commission

TERM: Start: 1 April 1980

PRIORITY: High
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PROJECT: B-4

TASK: Provision of fuel flow monitors for the Pickering-A CANDU
station.

NEED: The flow of new fuel into the reactor and of spent fuel from the
reactor face to the spent fuel storage bay is continual. To
have assurance that diversion has not occurred this flow should
be monitored. A prototype irradiated hundle counting device is
installed but access is severely limited.

GOAL: To produce fuel flow monitors suited to the Pickering-A station.
Such counters will need to be designed to match the particular
parameters of the irradiated fuel transport system and the
irradiated fuel for this station.

WORK: 1. Determine parameters of transport system and of new and
irradiated fuel

2. Determine IAEA requirements
3. Design device(s) to meet requirements
4. Construct and test
5. Install and commission

TEFMs Start: 1 April 1980

PRIORITY: High
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PROJECT: C-l

TASK: Development of a sealing system for the 600 MW CANDU reactor
storage bay.

NEED: Irradiated fuel discharged from the reactor is stored in a
water-filled bay. Periodically a physical inventory of bay
contents is required. Since significant numbers of irradiated
fuel bundles accunulate in the irradiated fuel storage bay a
method is required to reduce the time required for such
inventories and to be a redundant measure in case surveillance
is lost. This task encompasses the generic work required to
develop a system for sealing for the 600 MW type CANDU reactor.

GOAL: To develop the concept of a sealing system suited to the 600 MW
CANDU reactor bay.

WORK: 1. Obtain design information
2. Design sealing arrangement, and submit for IAEA approval
3. Construct and procure approved system components
4. Demonstrate

TEFM: Start:
Demonstration:

1 June 1977
1 October 1980

PRIORITY: High
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PROJECT: C-3

TASK: Provision of sealing systems for the irradiated fuel storage
bays of existing Canadian supplied reactors.

NEED: Irradiated fuel discharged from the reactor is stored in a
water-filled bay. Periodically a physical inventory of bay
contents is required. Since significant numbers of irradiated
fuel bundles accumulate in the irradiated fuel storage bay a
method is required to reduce the time required for such
inventories and to be a redundant measure in case surveillance
is lost.

GOAL: To assist the IAEA to produce a sealing system suited to
Canadian supplied reactor bays. Such a system must be designed
to suit the particular parameters of the storage bay.

WORK: TO assist the IAEA in the design and construction of sealing
systems.

TERM: As requested by the IAEA

PRIORITY: High
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PROJECT: C-4

TASK: Provision of a sealing system for the Bruce-A main storage bay.

NEED: Irradiated fuel discharged from the reactor is stored in a
water-filled bay. Periodically a physical inventory of bay
contents is required. Since significant numbers of irradiated
fuel bundles accumulate in the irradiated fuel storage bay a
method is required to reduce the time required for such
inventories and to be a redundant measure in case surveillance
is lost.

GOAL: To produce a sealing system suited to Bruce CANDU station main
storage bay. Such a system must be designed to suit the
particular parameters of the storage bay.

WORK: 1. Compile design information
2. Determine IAEA requirements
3. Design sealing arrangement to satisfy requirements
4. Procure and deliver sufficient system components for two

years of operation of the Ancillary Irradiated Fuel Bay
5. Supply the required tools and electronics.

TEEM: Start: 1 July 1979

PRIORITY.: High
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PROJECT: C-5

TASK: Provision of covers and seals for Pickering-A storage bay.

NEED: Irradiated fuel discharged from the reactor is stored in two
water-filled bays. Periodically a physical inventory of each
bays contents is required. Since significant numbers of
irradiated fuel bundles accumulate in the irradiated fuel
storage bay a method is required to reduce the time required for
such inventories and to be a redundant measure in case
surveillance is lost.

GOAL: To produce a sealing system suited to the Pickering-A CANDU
station storage bays. Such a system must be designed to suit
the particular parameters of the storage bays.

WORK: 1. Compile design information
2. Determine searing arrangement
4. Procure and deliver sufficient system components for two

years of the Auxiliary Irradiated Fuel Bay.
5. Supply the required tools an3 electronics.

TERM: Start: 1 August 1977

PRICRITY: High
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PROJECT: V-l.

TASK: Development of an irradiated fuel verifier for 600 MW CANDU
reactor.

NEED: In order to determine that no diversion of irradiated fuel has
occurred fran the storage bay it is necessary to both count the
number of bundle-like objects in the bay and to verify that
these are highly irradiated. This task encompasses the generic
work required to develop a monitor for the 600 MW type CANDU
reactor.

GOALs To develop an irradiated fuel verifier suited to a 600 MW CANDU
storage bay.

WORK: 1. Compile design information
2. Design prototype verifier and tools
3. Construct prototype verifier and tools
4. Demonstrate

TERM: Start:
Complete:

1 June 1979
1 September 1981

PRIORITY: High
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PROJECT: V-2

TASK: Provision of irradiated fuel verifiers for four 600 MW CANDU
Stations.

NEED: In order to determine that no diversion of irradiated fuel has
occurred from the storage bay it is necessary to both count the
number of bundle-like objects in the bay and to verify that
these highly radioactive.

GOAL: To produce irradiated fuel verifiers suited to four 600 MW CANDU
storage bays.

WORK: 1. Ensure design of prototype is adequate
2. Modify if required to suit particular installations
3. Construct four sets of verifiers and tools
4. Install and test

TERM: Start:
Complete:

1 April 1981
1 December 1982

PRIORITY: High
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PROJECT: V-3

TASK: Provision of irradiated fuel verifiers for existing Canadian
supplied reactors.

NEED: In order to determine that no diversion of irradiated fuel has
occurred £rcm the storage bay it is necessary to both count the
number of bundle-like objects in the bay and to verify that
these are highly radioactive.

GOAL: To assist the IAEA to produce an irradiated fuel verifier suited
to the irradiated fuel storage bays of Canadian supplied
reactors. Such a device must be designed to suit the particular
parameters of the storage bay.

WCRK: Assist the IAEA to:
1. design verifiers and tools
2. construct verifiers and tools

TEFM: As requested by IAEA

PRIORITY: Low
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PROJECT: V-6

TASK: Development of an optical tool capable of detecting empty
positions in stacked trays of irradiated fuel bundles in the
Bruce-A primary storage bay.

NEED:

GOAL:

The IAEA considers that the independent verification of the
number of fuel bundles stored in the primary storage bay wuld
constitute an improvement in the safeguarding of the Bruce-type
CANDUi Normally, such item accounting verification would be
undertaken during the annual physical inventory.

Î D develop and demonstrate a tool which can ascertain whether or
not a storage site is filled in any tray in any location in the
Bruce-A primary storage bay.

WORK: 1. Design the tool
2. Produce a prototype tool
3. Test tool and demonstrate to IAEA
4. Based on tests and demonstration produce, install, and

caimission operational version of tool

TEEM: Start:
Finish:

PRIORITY: High
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PROJECT: V-7

TASK: Evaluation of amplification techniques applied to the light from
Cerenkov radiation as a qualitative attribute test for
irradiated CANDU fuel.

NEED: The IAEA requires a system which will determine whether or not
CANDU fuel bundles are irradiated bundles. An ideal system will
result in a minimum disruption of the operator's programme of
fuel handling. Light amplification systems utilizing Cerenkov
radiation have been tested under the U.S. Support Programme with
sane success in determining irradiation of IWR fuel assemblies.
This method needs to be tested to determine its effectiveness
when applied to CANDU fuel bundles.

GOAL: To assist the IAEA, in co-operation with the U.S., to evaluate
the effectiveness of the techniques for the amplification of
light from Cerenkov radiation for determining whether CANDU fuel
bundles have been irradiated. This is to be done for the normal
storage conditions, that is bundles in both single and stacked
storage trays in storage bays.

WORK: Assist and co-operate with U.S. and Agency representatives
in arranging for suitable testing of the approach for
various bundle stacking arrangements which exist in CANDU
stations.
Assist in the assessment, if possible, of quantitive
analysis of fuel bundles using this method.
Assist in the preparation of a report on the effectiveness
and possible use by the Agency for determining if fuel
bundles are actually irradiated bundles and the possibility •.
of the use of this technique for quantitative analysis.

TERM: Start: January 1980
Finish:

PRIORITY: High, upon request
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PROJECT: V-8

TASK: Study of the feasibility of and a design for the practical use
of Cerenkov radiation techniques as a qualitative attribute test
for irradiated fuel in the storage bay.

NEED: The IAEA considers that there would be an improvement in the
safeguards applied to storage bays if the annual physical
xnventory of the primary bay included the ability to detect the
substitution of dummies for irradiated fuel. The Bruce-A
primary storage bay is of particular interest. The attribute
measuring device must be capable of monitoring any bundle in the
stacked trays. Work on project V-7 has indicated that use of a
technique which monitors Cerenkov radiation has a good potential
to satisfy the requirements of an. attribute test.

GCAL: To develop an irradiated fuel attribute monitoring technique
suited to water-filled storage bays.

WORK: Evaluate Cerenkov techniques with respect to sensitivity and
adjacent bundle interference.
Design a tool that will allow the observation of Cerenkov
radiation fran any bundle at any location of the Bruce-A
primary storage bay.

TEEM: Start:
Finish:

PRIORITY:
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PROJECT: SC-1

TASK: Development of surveillance cameras for the 600 MW CANDU
reactor.

NEED: The principle of containment and surveillance is a prime method
of applying safeguards in seme areas of the reactor facility and
a redundancy measure in others. This task encompasses the
generic work required to develop surveillance cameras for the
600 MW type CANDU reactor.

GOAL: To develop the TV and photo-surveillance cameras where required
in the safeguards scheme.

WORK: 1. Determine need
2. Determine required specifications
3. Develop prototype(s) as required

TERM: Start: 1 April 1978
Finish: 1 April 1980

PRIORITY: High
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PROJECT: SC-2

TASK: Provision of surveillance cameras for four 600 MW CANDU
stations.

NEED: The principle of containment and surveillance is a prime method
of applying safeguards in sons areas of the reactor facility and
a redundancy measure in others. There is a need to provide
reliable cameras for this purpose.

GOAL: To provide TV and photo-surveillance cameras where required in
the safeguards scheme.

WCRK: 1. Procure camera(s) required
2. Mount and test

TERM: Start: 1 June 1978
Finish: 1 April 1982

PRIORITY: High
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PROJECT: FF-2

TASK: Demonstration of a fresh fuel interrogator in a CANDU reactor.

NEED: Using the principles of operation demonstrated in FF-1 a
prototype will be designed, constructed, commissioned, and
tested. This task will only be undertaken if the results of
task FF-1 are sufficiently positive to justify continuing this
development.

GOAL: To construct and demonstrate a prototype fresh fuel
interrogator.

WORK: 1. Design interrogator
2. Construct interrogator
3. Conduct operational test
4. Conduct operational test

TERM:

PRIORITY: Low
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PROJECT; FF-3

TASK: Development of a prototype fresh fuel counter suitable for the
Bruce-type CANDU.

NEED: The IAEA considers that the ability to independently verify the
declared flow of fuel charged into the reactor cores would
constitute an improvement in the safeguarding of both fresh and
irradiated fuel in the Bruce-type CANDU.

GOAL: To develop and demonstrate a simple counter that would be
attached at the fresh fuel loading machines to count the number
of fuel bundles charged into fuelling machines. The device
should have some tamper indicating features.

WCRK: 1. Design the counter
2. Produce the prototype counter
3. Test the counter in as realistic a manner as possible
4. Demonstrate to IAEA

(Note: the actual provision off an operational device will
be the subject of a separate task.)

TERM: Start:
Finish:

December 1, 1979

PRIORITY: High
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MISCELLRNEOUS

She tasks which appear in this section are those viiich do not logically
fall into the previous three progran areas although they may be of equal
importance. This section includes the provision of physical standards although
none have yet been defined.
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PROJECT: Htf-1

TASK: Study to investigate the safeguards control of heavy water.

NEED: Heavy water is one of several moderators that can be used in a
reactor thereby indirectly contributing to the production of
fissile material. Consequently it has been identified in sane
safeguards agreements as a material subject to control under the
agreement, A study is required to determine the bast way to
control such heavy water.

GCftL: To establish means for heavy water control

WORK: • 1. Determine how heavy water is normally used and handled in
operating power reactors.

2. Establish criteria for control methods.
3. Enumerate and detail control methods.

TERM: Start:
Finish:

1 August 1977

PRIORITY: tow
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PROJECT: PS-1

TASK: The provision of physical standards.

NEED: The availability of physical standards is a prerequisite to the
successful use of nori-destructive analysis methods to measure
nuclear material.

GOAL: To assist the IAEA to establish an inventory of physical
standards for use with NDA measurements of nuclear materials
used in Canadian designed reactors.

WORK: To assist the IAEA as required to develop specifications for
physical standards.
To provide the IAEA with physical standards including
characterization ana authentication (chemical and mass
spectrometry analyses where relevant).

TEPM: Continuing

PRIORITY: Low
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PROJECT: TS-1

TASK: Provide scientific and engineering technical support, as
required.

NEED: The application of new concepts and new techniques to safeguards
often requires testing and development before a prototypical
instrument or installation can be designed, and in many cases
this requires sophisticated practical experimentation. The IAEA
needs Canadian assistance when such concept testing must be
undertaken under conditions unique to the Canadian situation.

GOAL:

WORK: 1. Upon request, consult with the IAEA to identify the
requirements for the concept testing/demonstration.

2. In consultation with the IAEA, make the necessary
arrangements to conduct the tests/demonstration.

3. Undertake the tests/demonstration, in cooperation with the
IAEA.

4. Report results.

TERM: Continuing

PRIORITY: As required
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PROJECT: CR-1

TASK: Study of the use of reactor operating records and instrument
data for verification of the declared core inventory and the
flow of fuel through the core.

NEED: The IAEA, based on the rights and obligations expressed in
Articles 2 and 72(b) of INPCIRC 164, needs to be able to verify
the contents of inventories of nuclear materials. However,
nuclear material in the core of a CftNDU reactor is inaccessible
and cannot be verified with any of the normal techniques
available to IAEA inspectors. Process parameters may be useful
for a qualitative determination of the core inventory and/or
fuelling operations.

WORK: PHASE I
1. Determine what instrument data of core parameters are

available and which could be provided to the IAEA inspector.
The Bruce NGS-A station should be used as the reference
plant. Note: fuelling records have routinely been used by
IAEA inspectors and are not to be considered as process
parameters in this study.

?.. Determine the usefulness of each data type, either singly or
in combinations, in providing a qualitative indication of
core inventory and/or fuelling operations.

3. Determine the sensitivity of the indications given,
including effects on the data from typical operation
conditions and whether such effect can be overcome.

PHASE II
1. Determine how the data identified in phase 1 can be

obtained, managed and digested to present to the IAEA
inspector information in an easy to interpret format.

2. Identify methods of verifying the data identified in Phase
I.

3. Estimate the manpower required to use the data effectively
using Bruce NGS-A as the reference facility.

TEEM:

ERICRITY:

PHASE 1
Start:
Finish:

PHASE 2
Start:

High
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TERMINATED TASKS

The tasks which appear in this section are those which have been completed
or cancelled, and for which no further work is planned.
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PROJECT: V-4

TASK: Provision of irradiated fuel verifiers for Bruce-A station.

NEED: In ordsr to determine that no diversion of irradiated fuel has
occurred from the storage bay it is necessary to both count the
number of bundle-like objects in the bay and to verify that
these are highly radioactive.

GOAL: To produce an irradiated fuel verifier suited to the Bruce-A
station storage bay. Such a device must be designed to suit the
particular parameters of the storage bay.

WORK: 1. Compile design information
2. Design verifier and tools
3. Construct verifier and tools
4. Install and test

TERM: Start: 1 April 1978
Finish: 1 February 1S79

PRIORITY: Cancelled
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PBQTECT: V-5

TASK: Provision of irradiated fuel verifiers for Pickering-A station.

NEED: In order to determine that no diversion of irradiated fuel has
occurred from the storage bay it is necessary to both count the
nunber of bundle-like objects in the bay and to verify that
these are irradiated.

GOAL: To produce an irradiated fuel verifier suited to the Pickering-A
station storage bay. Such a device must be designed to suit the
particular parameters of the storage bay.

WORK: 1. Compile design information
2. Design verifier and tools
3. Construct verifier and tools
4. Install and test

TEFM: Start: 1 August 1977
Finish: 1 July 1978

PRIORITY: Complete



- 46 -

PROJECT: FF-1

TASK: Development of a fresh fuel interrogation concept for the CANDU
reactor.

NEED: In order to establish accountancy as a safeguards measure for
the entire reactor the flow of fresh fuel into the reactor core
must be monitored. The physical principles by which this can be
accomplished must be investigated and a demonstration conducted
in the laboratory situation.

GOAL: To establish the principles of operation of a fresh fuel
interrogator.

WORK: 1. Determine the physical attribute to be monitored
2. Determine the strategy of counting and recording
3. Assemble laboratory equipnent
4. Demonstrate device

TERM: Start: 1 April 1978
Finish: 1 September 1978

FRICRITY: Complete
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PROJECT: EM-1

TASK: Study to investigate means of determining the fissile material
content of irradiated fuel bundles.

NEED: If the primary containment and surveillance measures fail at.an
irradiated fuel storage bay then the re-establishment of the
inventory may involve a quantitative evaluation of the material.

GOAL: Determine a practical inspection method for determining the
fissile material content of spent CANDU fuel bundles.

WORK: 1. Identify potential methods
2. Evaluate the potential methods for accuracy, ease of

application, hardware costs, obtrusiveness, vulnerability,
etc., and if the results of 1 and 2 warrant continuing;

3» Develop a technique and design for most premising method.

TERM: Start: 1 January 1978

FRIORITY: Complete
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PROJECT: SS-1

TASK: Study to investigate unique CANDU bundle identification.

NEED: Current safeguards approaches for CANDU reactors entail the use
of containment and surveillance to counter many of the diversion
paths. Unique identification of each CANDU bundle appears to
offer a means to establish accountancy as a prime safeguards
tool. A study is required to determine the feasibility of
unique CANDU bundle identifiers.

GOAL: Determine the technical feasibility of applying arri reading
unique identifiers on CANDU fuel bundles.

WORK:

5.

Review the state-of-the-art of unique identifier concepts,
especially ultrasonic pattern recognition of inclusions in
welds.
Consider means to incorporate unique identifiers as integral
components of each fuel bundle. Estimate the incremental
manufacturing costs associated with this operation. Assess
potential safety problems associated with the addition off
the identifiers throughout the life cycle of the fuel
bundles.
Determine engineering specifications for readers, including
bundle handling requirements. Include a data file generator
noting, as a minimum, reader identity, identity pattern
observed, date, and time of reading. Estimate costs per
unit, including development. Consider schemes to reading
bundle identifiers in situ, in storage racks.
Estimate the requirements, costs and times for a pilot test
program.
Prepare a summary report.

TEFM: Start: 1 June 1978

PRIORITY: Complete




