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CNA SESSION 1

SETTING THE SCENE

Chairman: F.C. Macloon

1. Planning Energy Supplies for People
O.J.C. Runnalls

2. Setting The Scene: Canada's Regulatory Policy Initiative
A. Campbell

3. Nuclear Regulation - In Tune with the Times
2. Domaratzki

A. The Nuclear Industry's Record of Service
N• Aspin
I. Wilson

5. Nuclear Power in the European Community: One Year After Chernobyl
J-C. Charrault
P.M. Taylor

6. The Romanian CANDU 600 Program Progress Report
M. Pop
M. Tarta
C. Mingiuc
J.F. Karger



Session 1 Paper 1

PLANNING ENERGY SUPPLIES FOR PEOPLE

O.J.C. Runnalls

Chairman, Centre for Nuclear Engineering

& Professor of Energy Studies
University of Toronto, 184 College Street

Toronto, Ontario

The world's population reached an estimated 5 billion in the year
1987. Three quarters of the people live in less developed
countries, LDCs, where the per capita energy consumption is more
than seven times lower than that for more developed regions.
Future energy growth rates in developing countries in Asia, Latin
America and Africa are likely to be nearly twice as high as those
in industrialized areas. Furthermore, population is expected to
grow three to four times more rapidly in the LDCs compared to
North America, Europe and the industrialized Pacific area, at
least until the year 2000.

A consequence is that severe stresses will be placed on available
energy resources. The first resource to feel the pressure will
be petroleum but natural gas and uranium will not be far behind.
Coal seems to escape such tensions because of its widespread
availability. Its impact on the environment is decidedly
negative, however, because of emissions of acid gases and carbon
dioxide into the atmosphere.

One source that appears to offer considerable hope for easing
future energy problems is nuclear power. Canada is particularly
well-placed to participate in the coming growth of the nuclear
industry because of its world-leading uranium production
potential and its superb CANDU reactor technology. Serious
planning should begin soon, however, to launch a development
program on more efficient uranium use in advanced nuclear fuel
cycles for CANDU reactors to help in reducing world-wide pressure
on uranium resources which could reach serious proportions within
the next 20-30 years.



Session 1 Paper 2

SETTING THE SCENE: CANADA'S REGULATORY
POLICY INITIATIVE

A. Campbell

Assistant Deputy Minister
Office of Privatization & Regulatory Affairs

Ottawa, Ontario

The regulation of the nuclear industry poses special difficulties
for democratic governments, while government regulation creates
special business problems for the industry. The Federal govern-
ment has introduced a broad ranging regulatory reform initiative
designed to improve its regulatory performance and alleviate
perverse or unnecessary burdens on the Canadian economy. The
initiative has potentially important implications for the ongoing
relationship among the nuclear industry, the government and the
public.

The presentation will provide background and details of the
government's regulatory reform strategy, discuss aspects of the
contemporary political economy of technology regulation and
identify ways in which the nuclear industry can assist the
government to achieve better or quote smarter unquote regulation.



Session 1 Paper 3

NUCLEAR REGULATION - IN TUNE WITH THE TIMES

Z. Domaratzki

Director-General
Directorate of Reactor Regulation

Atomic Energy Control Board
P.O. Box 104 6
Ottawa, Ontario

In its 40 year life span the Atomic Energy Control Board (AECB)
has had as one of its primary objectives the regulation of the
nuclear industry to-ensure no undue risk to workers, the general
public and the environment. While this objective has not
changed, the size and complexity of the nuclear industry has
changed and the AECB has had to adapt to increasing demands on
its technical capability. Of equal importance have been the
non-technical demands which have come from a variety of sources.
In response to these demands, the AECB is continuing to modify
its method of operation to maintain its status as an effective
and responsive regulatory agency. The recent demands on the AECB
have come from four different, albeit overlapping, sectors:
government, workers, the public and the nuclear industry.

The government Task Force on Program Review created in 1984 under
the chairmanship of the Honourable Erik Nielsen has tabled its
reports and there are few recommendations which address directly
the AECB. There are, however, two general initiatives which
flowed from the program review and which affect AECB operations.
These are, the Citizens' Code of Regulatory Fairness and the
Regulatory Process Action Plan. In addition, there is the
ongoing review of regulations by the Standing Joint Committee on
Regulations and other Statutory Instruments which periodically
touches on the AEC Regulations. All these aspects require the
AECB to put greater emphasis on issues which are not purely
health and safety matters. These developments occur at a time
when downsizing of the public service (including the AECB) is in
effect and cost recovery is an option being considered to reduce
government expenditures.

On the part of workers in all sectors of the nuclear industry
there is a growing demand for more input to the regulatory
process. Some of the AECB responses to these demands are:
increased consultation between organized labour and the AECB;



development of new regulations, now before Cabinet, dealing
specifically with uranium mining; and increased priority for
completion and implementation of general amendments to the AEC
Regulations.

From some groups in the public there continues to be demands for
even more openness in the regulatory process and more public
input to regulatory decision making. The AECB has responded to
these demands by giving the public access to technical
information supporting licensing decisions, by providing for
public comment on proposed regulatory requirements and is
investigating other mechanisms to increase the openness of the
AECB decision making process.

The AECB dealings with the nuclear industry in recent times have
not undergone much change. As the industry has grown our
dealings have become more formal but the underlying objectives
remain the same - to arrive at a technical agreement on the
appropriate measures to ensure acceptable safety.

None of the changes are of a revolutionary nature but rather
represent the forces of evolution which have shaped and continue
to shape the AECB. Their impacts are discussed along with the
regulatory responses which have allowed the AECB to remain in
tune with the times.



Session 1 Paper 4

THE NUCLEAR INDUSTRY'S RECORD OF SERVICE

Norman Aspin and Ian Wilson

Electrical and Electronic Manufacturers
Association of Canada

and
Canadian Nuclear Association

Toronto, Ontario

Energy is now being produced from uranium at a rate equivalent to
more than six million barrels of oil per day, about one-third of
total OPEC oil production. The energy in Canada's annual uranium
production (11,720 tonnes in 1986), used only once through in a
CANDU, contains more than twice the energy available from
Canada's annual oil production.

The rate at which nuclear power has been deployed is compared
with the rate of deployment of other sources of energy for
electricity production. By 1990, nuclear-electric capacity will
surpass the world's total hydro-electric capacity.

The degree to which early expectations of the economics of
nuclear power have been met is discussed and trends in
improvement in overall reliability and in radiation exposure per
unit of energy production are reviewed.

In this, the centennial year of the engineering societies of
Canada, the CANDU steam supply system has been recognized as one
of the ten outstanding achievements in the history of Canadian
engineering. The submission of the Canadian Nuclear Association
in support of this recognition is summarized.
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Session 1 Paper 5

NUCLEAR POWER IN THE EUROPEAN COMMUNITY:
ONE YEAR AFTER CHERNOBYL

Jean-Claude Charrault and Derek M. Taylor

Commission of the European Communities
Rue de la Loi 200
B-1049 Bruxelles

In April 198 6, the European Community had 113 nuclear power
reactors in operation with a total electricity generating
capacity of around 75 GWe net. This represented around one-fifth
of our installed -capacity and probably generated close to
one-third of the electricity in the Community during that month.
In the 15 years since the early 1970s, nuclear had increased its
share of total energy in Europe from 2% to 13%.

The reason for this success was the fact that several of the
Member States had appreciated the many benefits of nuclear power
- especially in the wake of the first oil shock in 1973. Among
these benefits particular importance was placed on the security
of supply aspects of nuclear power, with uranium producers being
geographically diverse and distinct from our traditional oil
suppliers, and its economic advantages over other fuels in
electricity generation.

There were, however, major differences between the commitments to
nuclear power in our Member States. Both France and Belgium were
generating over 60% of their electricity by nuclear plants while
five other Member States had no nuclear programmes at all. These
differences more or less reflected the public's views of nuclear
power. In general, public opinion in our larger nuclear States
was in favour of the technology while in smaller, non-nuclear
States public opinion was against it. Community-wide, the
consensus was in favour of nuclear power. The Commission had
proposed that one of the Energy Objectives for the Community be
that by 1995 no more than 10% of electricity would be generated
by hydrocarbons and approximately 40% would be generated by
nuclear energy. Furthermore, the Commission proposed that the
nuclear share should rise to about 50% around the turn of the
century.

The events of 26 April 1986 changed many things. Europe, which
had watched more with fascination than awe, the events - or



non-events - at Three Mile Island, came under the radioactive
cloud of Chernobyl. The various authorities in the Member States
reacted mainly by offering advice on what not to eat and drink
and by specifying allowed levels of contamination for foodstuffs.
Unfortunately, different authorities set different levels. This
added a great deal of confusion to the basic fear which itself
had been fuelled by the speculation that, as always, resulted
from lack of factual knowledge. There was a large and rapid
growth in anti-nuclear feeling. Nuclear power suddenly became a
major political issue with calls, usually from those in
opposition to governments, to stop the progress of nuclear power.
While recognizing the substantial role played by nuclear in the
Community's energy supply, the specific target of 40% nuclear
electricity generation in 1995 was not adopted in the Community's
new Energy Objectives.

In the year after the accident much has happened. A great deal
has been said and written about the future of nuclear power in
the Community and the debates are still continuing. In its
"post-Chernobyl activities" the Commission has been covering
several areas including health protection, plant and operational
safety, emergency procedures, international action and research.
In the past twelve months, nine new reactors have entered
commercial operation to boost the Community's nuclear capacity to
over 86 GWe. France's nuclear stations now generate around 70%
of that country's electricity and those of Belgium are not far
behind. None of our nuclear Member States has renounced the
nuclear option and there are some indications that public opinion
may be slowly returning to its support. Pointers to Europe's
nuclear future could be the UK Government's approval for Sizewell
B and the Community's first commercial-size fast reactor, Super
Phenix, reaching 100% power.



Session 1 Paper 6

THE ROMANIAN CANDU 600 PROGRAM PROGRESS REPORT

Mihai Pop, Mircea Tarta, Constantin Mingiuc, J.P. Karger

Institute for Nuclear Power Studies and Design
Romania

This paper outlines the history to date of the Romanian CANDU-PHW
600 program.

A brief summary of the factors which led Romania to a CANDU 600
program is given. The original objectives of the agreements are
outlined and are used as reference to study the accomplishments
achieved to date.

Progress in the three main fields of activity, design and
engineering, manufacturing and construction are reviewed.

In engineering the differences in approach between the technology
vendor country, Canada, and the purchase country, Romania,
practices are explained.

In Romania the engineering companies do much more detail
component engineering which in Canada is done by the
manufacturers. As a result of this and technology transfer,
Canadian manufacturers to Romanian manufacturers, closer
cooperation between the engineering company and the manufacturing
company is required.

The Romanian program, which has started the building of 5 CANDU
600 plants, offers a perhaps unique opportunity for the transfer
of technology. It is demonstrated extremely well in the
manufacture of difficult components, where the unit 1 component
is manufactured mostly in Canada with some Romanian participation
for Class I components and the unit IV built almost entirely in
Romania. Progress to date is reviewed. The actual cases are
presented and the trends analysed. The site construction
progress is also reviewed. The sequential construction of 5
units has both advantages and disadvantages. Both are analysed,
and the solutions under the Romanian framework discussed.



CNA SESSION 2

THE DIALOGUE WITH THE PUBLIC

Moderator: Professor M. Burt

1. Technology and the Public
G.M. MacNabb

2. The Dialogue with the Public: Understanding the Public's Position
M.A. Buhlman

3. Parlons Le Meme Langage
R. Castonguay

4. The Nuclear Culture
L. Naclntyre

5. Balanced Education In Nuclear Energy
P. Parker

6. Effective Public Communication
P.J. Spratt



Session 2 Paper 1

TECHNOLOGY AND THE PUBLIC

Gordon M. MacNabb

Associate to the Principal

Principal's Office, Richardson Hall
Queen's University
Kingston, Ontario

Canada, along with the rest of the Western World, is being swept
along by increasingly rapid and fundamental advances in
technology. We are ill-prepared for the consequences of this
"knowledge-based post-industrial" revolution, especially the
dramatic changes it will make to our industries and the structure
of our society. The middle class, the most stable component of
our economy, will feel the greatest impact and will be required
to make the greatest adjustment. They will be called upon to do
this in the name of technology and economic competitiveness yet
we have largely failed in our past efforts to develop a
technology literate and technology supportive society. The
changes, the challenges, and the opportunities confronting us are
discussed.



Session 2 Paper 2

THE DIALOGUE WITH THE PUBLIC:
UNDERSTANDING THE PUBLIC'S POSITION

Margaret A. Buhlman

Vice-President, Research
Decima Research Limited
One Eglinton Avenue East

Toronto, Ontario

In order to communicate effectively with the public, it is
important to know the position and attitudes of the public, and
understand their perceptions and misperceptions. These opinions
have an influence on the propensity of the public to behave in
ways that will positively or adversely affect decisions related
to the nuclear industry in Canada.

Hence, information about public opinion is key for designing the
message, the medium and the communicator for a successful
dialogue with the public.

This paper explores some basic perceptions and misperceptions
held by the public on the use of nuclear power. It examines the
antecedent views of the energy situation in Canada, and the
position of nuclear as a source of power within this context.
Regardless of these views, however, people have formed specific
views of nuclear power. Some of the issues to be discussed
include perceptions of risks associated with its use, the safety
of Canadian reactors compared to those of other countries, and
support and opposition to the current and future use of nuclear
cower.



Session 2 Paper 3

PARLONS LE MEME LANGAGE

Rino Castonguay

Departement des Sciences
Cité des Jeunes A.M. Sormany

Edmundston, N.B.

L'enseignante et l'enseignant type de l'école secondaire 2ième
cycle du Nouveau-Brunswick (et ceci n'est sûrement pas différent
ailleurs au Canada), possède un âge moyen d'environ 40 ans. Sa
formation en physique nucléaire, si formation il y a, date déjà
des années 60. Plusieurs d'entre eux enseignent un programme de
physique et/ou de chimie qui renferme une section sur le
nucléaire.

Même s'il s'agit d'un domaine qui a beaucoup évolué depuis les
années 60, les enseignantes et enseignants bien intentionnés
peuvent se tenir à la fine pointe des nouveaux développements
dans ce domaine grâce à la documentation disponible, seminar,
institut, etc.. L'information est autant disponible de la part
des Ministères de l'Education que de l'industrie du nucléaire.

Le problème que doit envisagé l'enseignante et l'enseignant n'est
pas au niveau des concepts à transmettre à l'élève mais provient
surtout du côté de son attitude ou de sa position face au
nucléaire. L'information qui nous vient des médias et celle qui
nous provient de l'industrie nucléaire n'a pas le même son de
cloche quand elle atteint l'enseignant. Il est évident que
l'enseignante et l'enseignant scrute, analyse l'information qu'il
reçoit mais il en demeure pas moins que son opinion en classe est
d'une importance capitale sur celle que l'élève se fait face au
nucléaire. Tout le monde sera d'accord pour dire que ces mêmes
élèves seront celles et ceux qui auront des décisions
primordiales à prendre face au nucléaire.

Pour l'enseignant, il devient donc très important que tous les
milieux impliqués avec le nucléaire utilisent le même langage
pour que l'information transmise à l'élève soit le reflet de la
réalité nucléaire.



Session 2 Paper 4

THE NUCLEAR CULTURE

Linden Maclntyre

CBC Sunday Morning
P.O. Box 500, Station A

Toronto, Ontario

Nuclear power is facing an uncertain future in Canada and
elsewhere in the western world. There is diminishing public
support for the effort required to solve problems which have
undermined the credibility of nuclear power.

Potential benefits to mankind will be postponed, or lost
entirely. At the same time people will be comforted by the
bexief that potential risks will have been reduced or eliminated.

There will be a general tendency to welcome the reduction of
risk. There is little likelihood of widespread regret for lost
benefits.

There will, throughout this process, be a vigorous debate over
the reasons for public perceptions which cause people to
undervalue nuclear technology. The role of the mass media will
be an irresistible focus for this debate. But that aspect of the
discussion will be insufficient to explain the complex causes of
the public indifference and/or hostility which will have
contributed to the entropy of nuclear power.

Identifying the real causes will require a frank analysis of the
nuclear culture which evolved in our civilization during the
second half of the 20th century. That analysis — in effect, an
inquest — could and should begin now.



Session 2 Paper 5

BALANCED EDUCATION IN NUCLEAR ENERGY

Paul Parker

Fredericton High School
355 Prospect Street
F reder icton, K.B.

How can we best prepare today's students to address questions
such as "Is Nuclear Energy the Safest Energy Alternative for the
Future?" Perhaps too often we try to answer the question for
them by giving our answer and our opinion. Clearly this is
selling the students short. They are intelligent people who MUST
be informed by all sides on the issue. We have to present them
with the pro-nuclear and anti-nuclear arguments and let them draw
their own conclusions. This, however, is easier said thAn done,
and can often amount to a debate where the winner is the best
debater rather than the most correct. Of course, is there a
correct answer? The problem of informing our students is a tough
one to deal with but we must do what we can to present all the
issues. After all - some of them will be the ones in power in
the near future.



Session 2 Paper 6

EFFECTIVE PUBLIC COMMUNICATION

Peter Spratt

P.J. Spratt & Associates
2242 Lakeshore Blvd.
Toronto, Ontario

We exist and function within a cultural framework. This
framework both reflects and reinforces the rules we follow. Our
cultural framework is to some extent punitive rather than
supportive. Rather than concentrate on analyzing causes we often
demand a victim for public opprobrium.

Most of us develop our attitudes to technology and progress in
response to "celebrity events". These "happenings", which come
at us much like photons of energy - are discrete, powerful, but
lack any discernible pattern. Such "pulses" in the power of
their impact leave an indelible mark on our subconscious.
Lacking any competition from opposing or supplementary
information and denied the filtering effect that time and sober
consideration allows, we develop a conditioned response, thus the
creation of a subliminal fear or distaste for all technology.

This narrowness of focus and negativity in attitude clouds our
collective decision making process. The U.S., for example,
invests $140,000 on highway construction to save one life and
$5,000,000 to save a person from death due to radioactive
exposure. We seldom weigh off the $10,000 cost per person per
year saved by a large scale program to detect lung cancer with
the $208 per person per year saved by installing cardiac care
units in ambulances.

The challenge of modern communication is not more information.
Rather we need to package information in decision-making formats
to move the audience outside of the paradigm of the specific.
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CNA SESSION 3

IAEA: THE INTERNATIONAL PERSPECTIVE

Chairman: D.S. Lawson, AECL

1. The Agency's Role and Needs in the Peaceful Development Of Nuclear
Energy
L.V. Konstantinov

2. The Outlook for Nuclear Power AftT Chernobyl
L.L. Bennett
K.F. Schenk

3. Trends Toward Improved Operating Performance of Nuclear Power Plants
N.L. Char

4. The IAEA Safety Programme - Responding to Chernobyl
M. Rosen

5. International Assistance to the Plant Operator for Improved Safety
E.M. Yaremy



Session 3 Paper 1

THE AGENCY'S ROLE AND NEEDS IN THE PEACEFUL DEVELOPMENT
OF NUCLEAR ENERGY

L.V. Konstantinov

Deputy Director General
Department of Nuclear Energy and Safety

International Atomic Energy Agency
Vienna, Austria

The paper presents the objectives as well as the organizational
aspects of the International Atomic Energy (IAEA). IAEA is an
intergovernmental organization, established on 29 July 1957 in
accordance with a decision of the General Assembly of the United
Nations. Although it is autonomous, the IAEA is administratively
a member of the United Nations common system. The main
objectives of the IAEA are to "seek to accelerate and enlarge the
world" and to "ensure, so far as it is able, that assistance
provided by it or at its request or under its supervision or
control is not used in such a way as to further any military
purpose".

Accordingly, the IAEA fosters and encourages, guides and advises
on the development of the peaceful uses of atomic energy
throughout the world. It advises governments on their nuclear
programmes, prepares studies of the market for nuclear plants and
equipment, arranges the loan of equipment, finances research and
acts as an intermediary in arranging the supply of nuclear
materials. It also advises Member States on the physical
protection of such materials, and applies safeguards to nuclear
materials to ensure that they are used only for their intended
peaceful purposes. It organizes conferences and training
courses, awards fellowships for advanced study, publishes books,
establishes safety standards for all types of nuclear activity,
and operates three laboratories.

The work of the IAEA is directed by a General Conference composed
by representatives of its entire membership of 113 States, and a
35-member Board of Governors.

A description of the IAEA functions and typical services provided
to its member states as well as its support needs is presented.



Session 3 Paper 2

THE OUTLOOK FOR NUCLEAR POWER AFTER CHERNOBYL

L.L. Bennett and K.F. Schenk

Division of Nuclear Power
International Atomic Energy Agency

Vienna, Austria

In light of the accident at the Chernobyl nuclear power station,
1986 represents a critical year for nuclear power programmes.
The leaders of a large number of countries have declared their
continued intention to rely on nuclear power, but some countries
have decided to defer any decision on expansion of their nuclear
power programmes (e.g., Finland and the Netherlands) or have
reaffirmed earlier decisions to stop (e.g., Austria) or phase out
(e.g., Sweden) nuclear power altogether.

This paper reviews the nuclear power programmes in a number of
countries, and gives an overview of the current status and future
prospects of nuclear power for electricity generation in the
world with particular emphasis to developing countries.

The paper also presents economic comparisons of nuclear and coal
fired stations, since the competitiveness of nuclear power is an
important factor in nuclear power development. As reported by a
recent NEA study, nuclear power has an economic advantage over
coal for base-load electricity generation in many countries,
except in situations where low-cost coal is readily available
close to load centers. Conditions for nuclear power could be
less favorable in countries with extensive infrastructure and
technology transfer requirements if those additional investments
are charged against the nuclear electricity generation costs.

Finally, the paper presents projections of future nuclear
electrical generating capacity. In the developing countries some
600-800 GW(e) of generating capacity will need to be added up to
the year 2000. However, the IAEA estimates that only some 51 of
these capacity additions would likely be with nuclear power
plants. It is expected that by the year 20C0 nuclear energy ir.ay
supply about 20% of the world's electricity requirements (254. of
requirements in industrialized countries, 101 of requirements in
developing countries).



Session 3 Paper 3

TRENDS TOWARD IMPROVED OPERATING PERFORMANCE
OF NUCLEAR POWER PLANTS

N.L Char

Director, Division of Nuclear Power and Reactors
International Atomic Energy Agency

Wagramerstrasse 5
P.O. Box 100, A-1400 Vienna, Austria

The paper presents the current status of information in the Power
Reactor Information System (PRIS). It discusses the plant
performance indicators used by PRISA or that can be derived from
the data contained in PRIS, specifically dealing with energy
availability and performance measured over duty cycles rather
than using the traditional calendar year basis.

Examples of consistently high performance and gradual
improvements in performance are given and the reasons for these
are discussed.



Session 3 Paper 4

THE IAEA SAFETY PROGRAMME - RESPONDING TO CHERNOBYL

M. Rosen

Director, Division of Nuclear Safety

International Atomic Energy Agency
Wagramerstrasse 5, P.O. Box 100

A-1400 Vienna, Austria

The response of the International Atomic Energy Agency to the
Chernobyl accident centers on an expanded safety programme
calling for a continuing increased emphasis on operational safety
matters. Implementation of the expanded activities is well
underway and some accomplishments will be brought out.

Over the next few years a substantial increase in the use of
Operational Safety Review Teams (OSARTs) to perform in-depth,
on-site reviews of local operating practices is foreseen. Visits
have been running one per month and both the US and USSR
authorities have expressed interest in the programme. The
current review at the Pickering station is the 19th since the
programme began in 1982. The Incident Reporting System (IRS),
now serving 24 countries, will be strengthened and specialized
teams to conduct on-site, in-depth analyses of operational
experience and safety significant events to determine root causes
of incidents are now available. In 1986, 79 reports were
submitted to the system for a total data base of 266 reports.

The process of revising and updating the Nuclear Safety Standards
(NUSS) documents especially in operational and selected design
areas, such as operator training requirements, fire protection,
and additional safety design features has begun with revised
codes of practice planned for 1988. A large number of meetings,
symposia and conferences will provide a forum for the exchange of
information.



Session 3 Paper 5

INTERNATIONAL ASSISTANCE TO THE PLANT OPERATOR
FOR IMPROVED SAFETY

E.M. Yaremy

Division of Nuclear Safety
International Atomic Energy Agency

Vienna/ Austria

Over the last few years the number of operating nuclear power
plants worldwide has steadily increased to approximately 400
while the number of plants has decreased to about a quarter of
this number. Therefore the activities of the IAEA had naturally
shifted towards assistance to operating plants well before the
Chernobyl accident in April 1986. This unfortunate accident
illustrated, as did the previous accident at Three Mile Island,
that the ultimate safety of nuclear power plants rests in the
hands of the plant operators. The reviews of the Agency's future
activities in the last year have therefore emphasized the need to
even further strengthen the operational services previously
initiated.

This paper will describe the nuclear power plant operational
services being provided to both developing and developed
countries. Included are the "Operational Safety Review Teams"
(OSART), the "Assessment of Significant Event Teams" (ASSET), the
"Incident Reporting System" (IRS), the development of
"Performance Indicators for Safety", and Training Courses.
Included will be a discussion of the extent of the services, the
improvements being implemented, and the necessary participation
of experts from member countries for these to be a success.



CNA SESSION 4

ECONOMIC GOALS AND OPERATING LESSONS

Chairman: N. O'Brien, Dennison Mines

1. Slightly Enriched Fuel for CANDU Reactors
P.R. Burroughs

2. Supply In The Uranium Fuel Cycle
J. Murray

3. Impact of Sustained Economic Growth on tha U.S. Power Market
J.R. Siegel

4. Developing New.Products from Canadian Nuclear Technology
S.R. Hatcher

5. Use of Radiosotopes In Medicine and Food Processing
D.J.R. Evans

6. Environmental Impact and Emergency Response Lessons from Chernobyl
E.A. Warman

7. Chernobyl Safety Lessons for the CANDU System
G.L. Brooks



Session 4 Paper 1

SLIGHTLY ENRICHED FUEL FOR CANDU REACTORS

P.R. Burroughs

Group Manager - Nuclear
Design and Development Division

Ontario Hydro
700 University Avenue

Toronto, Ontario

Ontario Hydro has taken the first steps toward implementing the
Low Enriched Uranium (LEU) fuel cycle in its CANDU nuclear
generating stations.' The primary reason for adopting LEU is the
large financial saving which will be achieved through a reduction
in fuelling cost. A secondary benefit is a reduction in the rate
of depletion of the natural uranium resource base.

Financial savings are achieved by doubling the amount of energy
produced per kilogram of fuel while increasing the cost per
kilogram of fuel by only fifty percent. This is accomplished in
increasing the fuel's U-235 content from 0.7 per cent, associated
with natural uranium, to 0.9 per cent. The relatively small
increase in enrichment represents an optimum which maximizes
financial savings within the constraints of implementing a new
fuel cycle in existing nuclear generating stations.

The specific features of the program to implement LEU are
described in the paper. The technical concerns associated with
LEU are also identified, along with the steps being taken to
address them. It is shown that conversion of existing CANDU
reactors to LEU can be achieved without major design changes.
Therefore, the large financial benefits offered by a small
increase in enrichment are obtainable for a relatively small
up-front investment.

It is concluded that LEU in CANDU's makes technical and financial
sense, and that it represents good stewardship of our natural
resources. For these reasons, Ontario Hydro has decided to begin
the process of implementing LEU.



Session 4 Paper 2

SUPPLY IN THE URANIUM FUEL CYCLE

Jan Murray

Secretary-General
The Uranium Institute

London, UK

The excess of supply over demand, which has characterized the
civilian uranium market for virtually all of its relatively short
history, is widely recognized and the resulting build-up of
inventories well documented. Less well recognized is the fact
that two significant milestones were passed in the last two
years. In 1985 reactor requirements climbed above uranium
production for the first time, and in 1986 reactor requirements
reached the level of operating uranium production capacity.
These facts do not necessarily presage uranium shortages -
further supplies should be available from a number of known
deposits, which have not yet been brought into production, and
from some projects, which have been placed on stand-by, to assure
supply through the 1990's. They do, however, indicate that the
uranium market is moving into a new and more uncertain phase.

The paper will review the international supply position.
Reference will be made to demand to the extent necessary to
discuss the market. Other papers at the Conference deal with the
outlook for nuclear electricity generating capacity, but capacity
is not the direct, or only, determinant of demand. In addition,
other steps in the fuel cycle are essential to fuel supply, from
exploration through the various stages of fuel processing. The
current position relating to these activities will be summarized.

The paper will examine the influences on supply in the uranium
cycle. In reality supply is determined by a complicated mix of
factors. Economics clearly play a key role in determining
investment decisions and the structure of the industry. Equally,
technical factors, with their impact on economics, are an
important determinant. However, the influence of both economic
and technical developments may be heavily qualified by political
considerations. While this is the case in virtually any
industrial activity, the rather special place of uranium - as the
fuel of a controversial, yet strategic, energy source - has
ensured the interplay of politics in the evolution of supply.
Finally the legacy of past decisions - based as they may have
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been on good or bad forecasts, or even on primarily political
grounds - is a constant factor influencing potential supply.
Certain infelexibilities which have operated in the uranium fuel
cycle industries have perpetuated the influence of these
decisions on the structure of supply today. The paper will
discuss what guidance these considerations caN give us for
analysing the outlook for supply in the uranium fuel cycle.



Session 4 Paper 3

IMPACT OF SUSTAINED ECONOMIC GROWTH
ON THE U.S. POWER MARKET

John R. Siegel

Vice President, Atomic Industrial Forum
7101 Wisconsin Avenue

Bethesda, Maryland, USA

This paper covers two ponts regarding the outlook for new
electric supply in the United States:

Sustained growth in-the U.S. ecconomy is causing electric demand
to exceed utility expectations.

Continuing growth in U.S. electricity usage, coupled with an
electric utility reluctance to commit to new capacity, is
creating a strong pent-up demand for new electric supply. This
market — when unleashed — may significantly overshadow the
early 1970s' utility ordering boom.
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DEVELOPING NEW PRODUCTS FROM CANADIAN NUCLEAR TECHNOLOGY

S.R. Hatcher

President, Atomic Energy of Canada Limited

Research Company
275 Slater Street
Ottawa, Ontario

In 1985, the Federal Government reaffirmed that AECL's nuclear
research and development program is important to Canada and that
the Government would continue to provide funding for it.
However, the Government also decided that it was time that other
beneficiaries of the program contributed to the funding. By
1990, the Federal Government will have halved its funding from
the 1985 level to 100 million 1985 dollars.

At the same time, Canada's trade balance in manufactured products
has been negative throughout most of the last decade. High and
medium technology products stand out as the largest component of
this deficit. A most alarming feature is our steadily worsening
trade balance in the high technology area. Since 1970, the trade
deficit in advanced technology goods has grown at approximately
20% per year, and if the trend continues it could reach $36
billion in 1990.

Our response to the need for a broadened funding base has been to
restructure the company to become more customer-oriented, and to
put in place a comprehensive process for generating new business.
This process is designed to produce commercial return by
exploiting AECL's existing technology, through R&D contracts,
licensed technology, joint ventures and spin-off companies.
Examples of such business opportunities are presented in the
paper.

The examples demonstrate that AECL's strong research and
development base, which Canada needs to ensure the continuing
availability of nuclear energy in the coming years, can help
stimulate the Canadian economy by spin-off of other products and
services and thus play a part in reducing the country's
high-technology trade deficit.
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USE OF RADIOSOTOPES IN MEDICINE AND FOOD PROCESSING

D.J.R. Evans

Vice President, Isotope Division
AECL - Radiochemical Company

Kanata, Ontario

Radioisotopes have been widely used in medicine for both
diagnosis and therapy for many years. The Canadian nuclear
program has been a major supplier of diagnostic isotopes and
cancer therapy equipment to world markets almost from the
inception of development of these applications. The paper will
review the current status of Canada's role in isotope supply for
medical purposes and also outline some possibility for future
developments.

In addition, since Canada is the world's primary source of the
single most important radioisotope for radiation processing
(Co-60), some aspects of the current status of food irradiation,
a potential major new application, will be described.
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ENVIRONMENTAL IMPACT AND EMERGENCY RESPONSE
LESSONS FROM CHERNOBYL

Edward A. Warman

Senior Consulting Engineer
Stone & Webster Engineering Corporation

Boston, Massachusetts, USA

Two aspects of the accident at the Chernobyl nuclear power plant
are addressed in this paper; namely, the radiological impact in
the environment and emergency responses to the accident,
particularly in the Soviet Union. Some lessons learned in these
areas are discussed.

From analyses of measurements of radionuclide concentrations both
within the Soviet Union and in central and western Europe the
magnitude and composition of the releases associated with the
accident have been estimated. Although the releases were quite
large, resultant radiation exposures off-site were not
life-threatening. The exposures and contamination levels in the
far-field beyond the European portion of the Soviet Union were
substantially lower, by several orders of magnitude, than those
experienced in the near-field, principally in the Ukraine and
Byelorussia.

Although emergency response measures within a radius of 30 km,
including the town of Pripyat, were carried out much more slowly
than would have been expected based on emergency preparedness
planning in western countries, the doses received by the evacuees
were within Soviet norms for emergency exposure and were essen-
tially within recommendations of the International Commission on
Radiological Protection. The emergency response measures taken
by the Soviets, and their timing, are discussed along with some
commentary.

Some lessons related to the environmental impact and emergency
response in some western countries are briefly discussed,
including such responses as the slaughtering of reindeer herds in
Lapland. These responses are discussed in the context of what
actions various government organizations took during and
immediately following the accident.

In addition, some major distinctions between the radiological
aspects of this accident at a Soviet RBMK reactor and postulated
severe core damage accidents in western light water reactor power
plants are briefly addressed.
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CHERNOBYL SAFETY LESSONS FOR THE CANDU SYSTEM

G.L. Brooks

Vice President & Chief Engineer

CANDU Operations
Atomic Energy of Canada Limited
Sheridan Park Research Community

Mississauga, Ontario

Immediately following the accident at Unit #4 of the Chernobyl
Nuclear Power Station, AECL established a team to gather and
analyze available information regarding the accident. This
program had two basic objectives:

— to determine what lessons could be learned from the accident
which could benefit the safety of CANDU reactors;

— to provide knowledgeable advice regarding the accident to
governments, the Canadian nuclear industry, the academic
community, the media, and the general public.

Communication lines were quickly established with other
evaluation teams including those within Canadian utilities and
the USDOE and EPRI. Following the major IAEA sponsored
international briefing meeting in Vienna in August 1986, the ASCL
team completed its evaluation work and issued a series of three
reports intended for a variety of audiences.

In summary, the team concluded that the basic weaknesses in the
design of the Chernobyl reactor, which contributed to the
accident, do not exist in CANDU reactors. However, the team
concluded that a review of fire fighting provisions should be
undertaken in the context of possible high post-accident
radiation fields. The team also concluded that a comprehensive
review of possible reactor core operating states should be
carried out to confirm that no state could exist in which
shutdown system effectiveness would be impaired.
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PICKERING UNIT 1 - READY FOR SERVICE

W.G. Morison, W.J. Penn, K.H. Talbot, B.J. Murdoch

Ontario Hydro
700 University Avenue

Toronto, Ontario

The sudden longitudinal failure of a pressure tube in Pickering
Unit 2 on August 1, 1983, was followed by an eight month
intensive investigation by operating staff, design engineers and
research scientists to determine the cause of the failure, and
the extent of pressure tube deterioration in Units 1 and 2. It
was found that deuterium had built up in the walls of the
zircaloy pressure tubes in both reactors and that
zirconium-hydride concentrations existed in a number of pressure
tubes where they had contacted the surrounding cool calandria
tubes.

In March 1984, it was decided that both reactors would have to be
re-tubed immediately, and preparations began for removal of all
390 pressure tubes from each reactor, and the replacement with
new Zirconium-Niobium alloy tubes, the alloy used in all CANDU
reactors built after Pickering Unit 2.

The re-tubing project involved the removal of all 4 680 fuel
bundles and the heavy water coolant from each reactor,
decontamination and drying of the heat transport systems, removal
of one end-fitting and the pressure tube from all 390 channels in
each reactor, and then replacement of the pressure tubes,
end-fittings, fuel and coolant.

In addition to the re-tubing of the reactors, during the unit
outages, a new high pressure Emergency Coolant Injection System
was installed in both units, the shutdown rod system was
strengthened, inspection of all the equipment and systems in
these units was undertaken and necessary repairs and
rehabilitations made where appropriate.

Unit 1 has been completely re-tubed, re-commissioned and returned
to full power. Unit 2 has been re-tubed and is in the process of
recommissioning for start-up this fall.

The re-tubing of the Pickering reactors has been an extraordinary
challenge and experience for Canada's CANDU industry, which has
demonstrated the versatility of this reactor concept, and the
ingenuity and talents of the large work force involved in this
unique project. Removal and replacement of the inner-most
pressure containing components of a large power reactor and the
restoration to full power and extended unit life is an
outstanding achievement.
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GENTILLY 2 - UNE EXPERIENCE D'EXPLOITATION RECENTE

J.M. McNally, M.L. Ross

Gentilly-II Nuclear Station

Hydro Quebec
P.O. Box 3600

Gentilly, Quebec

Hyd.vo-Québec exploite une centrale nucléaire unique parmi un parc
d'équipement de production essentiellement hydro-électrique. Le
réseau se caractérise par l'éloignement des centres de production
et des centres de' consommation ainsi que par les nombreuses
interconnexions avec les réseaux électriques voisins permettant
d'exporter une fraction importante de l'énergie produite.

Au cours des dernières années, la production de la centrale
nucléaire Gentilly 2 a été limitée à cause des fortes variations
saisonnières de production et de consommation. La planification
de l'utilisation des ressources énergétiques prévoit cependant
que la centrale est désormais requise pleinement comme centrale
de base dès cette année.

La performance de la centrale en 1986 a été très bonne. Les
indices de mesures de performance montrent tous des valeurs très
satisfaisantes ou encore des améliorations significatives. Parmi
ces indices, il y a le facteur de disponibilité équivalente,
l'indisponibilité des systèmes spéciaux de sûreté, le nombre
d'arrêts non planifiés, la fiabilité du combustible, la dose
d'irradiation collective, le volume de déchets radioactifs
solides à faible concentration, le taux d'accident avec perte de
temps.

En plus de l'électricité, la centrale produit du cobalt-60.
Celui-ci est ensuite utilisé dans des irradiateurs pour la
stérilisation de fournitures médicales uniservices.

Dans la poursuite de l'excellence dans l'exploitation de la
centrale, deux importants projets relatifs à la gestion des
ressources humaines vont actuellement de l'avant: la
réorganisation des activités liées au nucléaire et le nouveau
centre de simulation et de formation.
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EXPERIENCE D'EXPLOITATION D'UN PARC IMPORTANT
Dû CENTRALES NUCLEAIRES

L. Bertron

Chef Adjoint
du Service de la Production Thermique

Electricité de France
Paris, France

Le développement du programme nucléaire français a été décidé en
197 4 à la suite du premier choc pétrolier qui ébranla l'économie
des pays occidentaux. Ce programme était destiné à subvenir aux
besoins nouveaux dé consommation d'électricité et à substituer
l'énergie nucléaire aux moyens traditionnels de production
d'électricité: charbon, fuel, gaz.

Après avoir donné les principaux résultats d'exploitation des
tranches nucléaires en service, en les comparant aux résultats
obtenus dans différents pays sur des tranches analogues, deux
aspects spécifiques de la gestion d'un parc important de
centrales nucléaires sont développés:

— celui de l'adaptation de la production aux besoins du réseau:
suivi de charge et téléréglage,

— celui de l'optimisation du placement des arrête programmés
pour renouvellement du combustible.

Pour conclure, le rapport fait état des gains de productivité qui
sont encore attendus de l'exploitation des centrales nucléaires
par la présentation de deux projets:

— le projet "GARANCE" dont l'aboutissement vers les années 90
devrait permettre des économies sensibles de combustible par
une augmentation significative du taux d'irradiation,

— le projet "DUREE DE VIE" qui a pour objectif de définir
certains paramètres caractéristiques de l'état de vieillisse-
ment des matériels à partir desquels les décisions de
réparation, de renouvellement ou d'arrêt des installations
pourraient être prises.
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CANDU OWNERS GROUP: ORGANIZATION FOR THE FUTURE

H. S. Irvine

Director, Design & Development Division

Ontario Hydro
700 University Avenue

Toronto, Ontario

A significant contribution to Canada's success in the development
of nuclear technology is due to its decision to concentrate on a
single nuclear power concept and to the close interaction between
research and development laboratories, design organizations, and
the operators in the exchange of research, development, design,
and operating experience. A further contribution to this success
is the excellence of the Canadian utility companies which operate
and maintain the CANDU units. The fact that the CANDU concept is
unique and that most of the relevant operating experience is with
Canadian utilities, leads to a need for close co-operation and
mutual assistance among the CANDU owners.

One of the fundamental objectives of the CANDU Owners' Group
(COG), established by these Canadian utilities and AECL, is to
facilitate the close co-operation and a "sharing of excellence"
among the operators and between the operators and designers of
CANDU stations world-wide. With this "sharing of excellence" and
"strength through co-operation", CANDU will be able to retain its
position as a world leader in the performance of nuclear power
stations.

The CANDU Owners' Group was established with the realization that
in order for CANDU stations to continue maintaining an excellent
performance record, it was important that:

— utilities acquiring their first CANDU unit had access to
experienced CANDU operators on a routine basis;

— lessons learned at one CANDU station were available to all
CANDU stations and to the design organizations;

— good practices developed at any one CANDU station were shared
with the other stations;



— significant events occurring at any one CANDU station, because
of the unique and standardized CANDU design, were communicated
to the other CANDU stations in a timely manner;

— the pool of CANDU operating experience was readily available
to all CANDU owners, operators, and designers.

The framework that COG has established to facilitate the
co-operation and co-ordination required amongst the CANDU owners
to ensure a continued excellent performance record is discussed
in the paper. Examples highlighting the importance of
co-operation, the need for mutual assistance, and the benefits
that have been derived through membership in the CANDU Owners'
Group are discussed; possibilities for the future evolution of
COG are reviewed.
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PLANT PERFORMANCE INDICATORS AND LONG-TERM GOALS

T.J. Sullivan

Director, Engineering Division

Institute for Nuclear Power Operations
1100 Circle 75 Parkway

Atlanta, Georgia
30339 USA

The Institute of Nuclear Power Operations (INPO) has worked on
the development and use of performance indicators with the U.S.
nuclear industry and our international participants for several
years. Three special review groups consisting of senior nuclear
utility managers, a senior nuclear executive from each of the
U.S. nuclear steam system suppliers and a group of outside
experts worked with INPO to establish a set of overall
performance indicators. Ten overall performance indicators were
utilimately identified in 1985.

Industrywide recognition of the overall performance indicators
has been achieved and utilities are using these and other
parameters as an aid in monitoring nuclear plant performance.
Each U.S. utility with an operating unit has set challenging
goals for most of the overall indicators. The plant-specific
goals provided to INPO were used to develop the industrywide 1990
goals. These goals, taken in the aggregate, define an industry
vision of desired achievement by 1990 and provide a framework for
action.

The most important use of performance indicators is by utility
managers in trending the performance of their nuclear units and
in identifying areas where adjustments in priorities and
resources are necessary. They also provide an effective utility
management tool for goal setting and for fostering unit-to-unit
and industrywide competition.

INPO's experience in working with utilities during the past seven
years has shown that even a carefully chosen set of overall
performance indicators cannot always provide a real-time
measurement of a plant's performance. INPO views the overall
performance indicators as one input in our assessment of plant
performance. We believe that far more is learned about a plant's



performance and safety from on-site evaluations by experienced
professionals.

U.S. industry performance for 1986 in a number of areas is
consistent with that needed to achieve the industrywide 1990
goals. Collective radiation exposure, low-level solid
radioactive waste, and industrial safety lost-time accidents are
areas where particularly noteworthy improvements have occurred.
However, the industry's equivalent availability factor and forced
outage rate performance for 1986 has declined from that of
previous years. Performance in these areas was significantly
affected by the long-term shutdown of seven units.

Many of INPO's international participants are using performance
indicators and some have established long-term performance goals.
A number of international participants are periodically providing
their performance indicator values to INPO. The sharing of
performance indicator information on an international basis
should encourage higher levels of performance and enhance the
exchange of information among countries.
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RADIATION PROTECTION - THE FUTURE?

R. Wilson and D.A. Lee

Health and Safety Division
Ontario Hydro

The average annual doses received by atomic radiation workers in
Canada are generally a fraction of the maximum permitted by
regulation. Based on early experience at the prototype Douglas
Point nuclear generating station, this was not always the case
and over the last two decades significant improvements have been
achieved. The annual collective dose to operate stations in
Ontario Hydro has been reduced to a level of about 0.4 man-rem
per MW(e)-year or about 180 man-rem per reactor unit. Based on
these measures, this performance is comparable with the best in
the world and significantly better than that of the U.S. and
Japan.

The developing philosophies and recommendations of the
International Commission on Radiological Protection (I.C.R.P.)
have generally resulted in stricter limits on permissible
radiation exposures. In this respect, radiological health and
safety does not differ from conventional health and safety and
the changes merely reflect the increasing knowledge of the
effects of toxic agents and the rising expectations of society.

There are two major challenges emerging in radiation protection
that will have a significant impact on the nuclear industry in
the future. The first is the need for a limit on an individual's
accumulated lifetime dose. Proposals in some countries are
already being actively debated and the proponents for such limits
argue that this would limit the risk to the individual to a level
comparable to the risk in safe industry. The second major
challenge is the need for processes for adjudicating in a fair
and equitable manner the anticipated compensation claims arising
from individuals or their families for possible radiation induced
injuries.

These challenges will have to be met and resolved if the nuclear
industry in Canada is to continue to maintain the reputation of
being a safe industry in which to work.
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VIRGINIA POWER'S UNIT LIFE EXTENSION PROGRAM

by Pster R. Beament
Virginia Electric and Power Company

5000 Old Dominion Blvd.
Richmond, Virginia 23060

Introduction

In 1984 Virginia Power became concerned over the impact of the
licenses for its four nuclear units expiring within a three year period
from 2008 to 2011. The management of the company directed the Corporate
Technical Assessment Group to form a task force and issue a
recommendation.

Description of Actual Work

Members of the task force were senior individuals from within the
company and they decided to address five basic issues - economic
considerations, rates and regulations, technical issues, environmental
issues, and fuel availability. The chairman submitted a report to
management on September 1, 1984.

The task force report specifically emphasized that life extension
was an immediate issue because of the long term nature of the technical
and regulatory issues that would have to be addressed also a comprehensive
plan and policy would have to be formulated with a full time staff
appointed to provide for its implementation.

Virginia Power is not unique in having to consider nuclear unit
life extension. It is calculated that between the years 2003 and 2013 the
licenses will expire on U. S. nuclear generating units amounting to 58
gigawatts electrical capacity. In all but a few cases licenses for these
units were issued for 40 years starting from the issuance of the
construction permit. The task force recommended to management that as a
first minimal effort the recovery of the construction to commercial years
should be sought.

Results

To avoid the loss of the 58 gigawatts capacity, life extension
studies are necessary to accomplish the following:

1) The NRC must be convinced that the concept is based on solid
evidence.

2) A utility cannot wait until the last moment to prove its point.

3) It currently takes 10 years to plan and build replacement
capacity, i.e., a decision is necessary in the 30th year of a 40
year license whether or not to retire or extend.
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The task force report resulted in management giving high priority
to nuclear unit life extension.

Accordingly, we are developing a nuclear life extension economic
model that will demonstrate the financial advantages of such a program.
It is also anticipated that near term advantages will occur during the
current license. Virginia Power plans to have the entire program in place
by 1988.

Virginia Power was selected in 1985 by the Electric Power
Research Institute to perform a Life Extension Study on a representative
nuclear unit. A project team consisting of Westinghouse, Stone & Webster,
Grove Engineering and Virginia Power was formed to perform the study.
Additional funding and support has been forthcoming from the U. S.
Department of Energy and the Westinghbuse Owner's Group. Virginia Power's
Surry Unit #1 was selected as the study unit because it represents a
regulatory transition period in the development of PWR's.

This program is now underway and a number of Project Topical
Reports have been written dealing with specific components, selected on a
prioritized basis. The presentation will discuss a number of the
findings, recommendations and the subsequent actions to be undertaken.

At present the study is entering Phase II and final report will
be issued on Phase I of the project, now essentially completed. At this
time no findings have come forth that would preclude life extension of the
Surry unit. There are, however, necessary changes and concerns that will
have to be addressed to ensure a favorable acceptance by the U. S. NRC of
life extension for these units.

Phase II of the project will encompass a broader scope of life
extension, also more generic topics will be investigated such as a
development of a concrete inspection program, studying the impact on
outage schedules, validation of design transients, estimates of NDTT
Shifts in the vessel support tank and the characterization of temperature
and radiation effects on cable in the containment.

The finding of significance, to date, will be discussed alor-.g
with those subjects that dictate that life extension becomes a careful and
thoughtful look at all the questions we feel need to be answered to ensure
nuclear power units can be successfully operated beyond their original
specific licenses or chronological design parameters.
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EPRI OVERVIEW AND GENERIC ASPECTS OF
PWR & BWR STUDIES

•rrr-

Timothy L. Bailey
Melvin Ej_ Lapides

Northern States Power Company
Electric Power Research Institute

Mr. Timothy L: Bailey
Northern States Power Company

Monticello Nuclear Generating Plant
P.O. Box 600

MonticeHo, MN 55162

Figure 1, a chronology of Nuclear Plant Life Extension (NUPLEX)
studies in the United States, serves as perspective for current
activities. Because of business environment uncertainties and a
plateau in technology improvements a utility may entertain high
risk in new construction committment and has few new choices
which offer substantially more economic generation capability
than is presently available from its more modern units. This
environment focuses attention on establishing the useful economic
life of present nuclear capacity. The process involved is
similar to the decisions we all go through in deciding to buy a
new car. He first determine our present and projected
maintenance costs and decide whether or not they seem
satisfactory. After pricing a new car, we review our feelings
about acceptable running costs for the present car, perhaps from
a modified perspective.

Power plant purchase decisions have lead times of 8-15 years. In
the U.S. the existence of a 40 year license term fosters
consideration of replacement in service years 25-32. The
practical implication is that some 60 U.S. nuclear units will
probably have to make their NUPLEX decisions within the coming
decade. NUPLEX activities are those which facilitate this
management decision. The basic--elements are a) determining the. ,
lifetime and refurbishment costs of major unit components; b~)
combining these data with more routine maintenance requirements
to establish life cycle costs, i.e., operating costs as a
function of time; c) performing generation system level economic
analysis to define the economic life of the unit in various
replacement scenarios and d) technically supporting any resulting
decision which may involve license renewal.

This paper summarizes some of what has been learned as well as
what is planned in EPRI/DOE supported NUPLEX programs.
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CANDU 300 FEATURES FOR PLANT LIFE EXTENSION

R.S. Hart
Atomic Energy of Canada Limited

Candu Operations
Sheridan Park Research Community

Mississauga, Ontario
Canada L5K 1B2

1. Introduction

Two of the factors that determine the economies of nuclear
power stations are plant capacity factor and plant life.
These factors are related through various plant features
including component life and the ease of component
replacement and maintenance.

A number of design requirements and objectives were set
for the CANDU 300. Of these, the following are of particular
significance to plant life and plant capacity factor.

• A 100 year minimum design life for the plant

• A 40 year minimum design life for all key components.

• 36 months continuous operation between inservice
inspection/maintenance outages

• The ability to modernize, rehabilitate or replace
any aspect of the station within a 90 day outage

• 90% minimum lifetime capacity factor.

Ease of component replacement has therefore been one focus
of the CANDU 300 design effort. Layout, structures,
components and tooling have been co-ordinated to ensure this
capability. Furthermore, an effort has been made to utilize
the tooling and procedures employed during construction, in
combination with normal station facilities to accomplish
component replacement.

This paper reviews key CANDU 300 features that contribute
to extended station life (100 years and beyond).

One such feature is the station layout (Figure 1) which
features five principal buildings. The 360° access provided
to all buildings contributes to both constructability and the
ease of component replacement. The arrangement of systems
and components within the buildings, particularly the reactor
building also favourably impacts on plant life extension.
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2.0 Component Replacement

The CANDU 300 Reactor Building layout and lifting and
shielding provisions provide for easy replacement of CANDU
300 components via the airlock or equipment hatch; such
replacements are generally accommodated within a routine
outage. Exceptions are replacement of the fuel channels and
the steam generators, discussed below.

Removal of each channel is accomplished (Figure 2), by
cutting the inlet feeder connection at 'A', cutting the two
calandria tube extension to lattice tube welds at 'B' and
disconnecting the outlet feeder connection at ' C . All
cutting is via remote and automatic cutters. The fuel
channel is then extracted by a special carrier, which
temporarily replaces the fuelling machine in the fuelling
machine carriage (A in Figure 3). The fuelling machine
carriage, utilizing the normal fuelling machine carriage
drive and locating mechanisms, then moves the fuel channel
carrier to the Reactor Building perimeter wall and discharges
the old fuel channel into a receiving flask (B in Figure 3).
The carrier then receives a new fuel channel assembly and
returns to the reactor face. The new channel is installed in
a sequence which is the reverse of the removal process. All
replacement welds are made by the same remote automatic
equipment that is utilized during the original construction
installation. The 208 fuel channels can be replaced within a
90 day outage.

CANDU 300 steam generators can be replaced within a four
week period via an opening in the Reactor Building dome,
utilising a Very Heavy Lift (VHL) crane, in a manner similar
to their original installation.

3.0 Conclusions

The CANDU 300, through an integrated and consistent design
effort, offers a design life of 100 years or more and the
realistic prospect of lifetime capacity factors exceeding
90%. These design objectives are achieved in conjunction
with a very short construction schedule and with low specific
capital cost.



1 REACTOR BUILDING
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8 PERSONNEL ACCESS ROUTE

FIGURE 1 STATION LAYOUT
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Executive Summary

Due to the effects of aging, nuclear plant reliability may decline during
the middle and later years of a plant's life. This has been observed in
Ontario Hydro's (OH) fossil plants such as at Lakeview TGS, and similar
trends could be expected at nuclear plants. Through a proactive approach to
plant maintenance, and research and development, the impact of aging on
plant reliability can be effectively managed. The objectives of the
proposed OH program In thfs area are:

(1) To assure long-term reliability of nuclear plants during the nominal
service life of 40 years.

<2) To preserve the option of extending the life of a nuclear plant beyond
the currently assumed service life of 40 years.

Hhile extending the life or our nuclear plants has obvious merit, our plants
are still relatively young, and it 1s too early to make any definite plans
regarding the actual extension of plant life. A Long-Term Reliability
Assurance <LTRA) program for meeting the first objective, and a Preserving
Plant Life Extension option (PLEX) program to meet the second objective are
very closely linked and are basically the same. A joint program 1s referred
to as the LTRA program. The goal of this program is to shift the balance in
the mode of plant operation from one of reaction to one of prediction and
prevention.

A methodology for the LTRA study of OH's nuclear plants has been developed.
This divides nuclear plant components Into critical and non-critical
components. A criterion for selection of critical plant components has been
developed.

The methodology assumes that potential failure of non-critical components
such as valves, switchgear, pumps, and motors will not have an impact on
long-term reliability and life of a plant due to the assumption that every
non-critical component can be easily and economically replaced. Thus no new
major LTRA Initiatives are required at this stage for non-critical
components.

Critical components, on the other hand, are those that cannot be easily or
economically replaced and whose failure could have a major impact on the
long-term reliability and life of an entire plant. A list of the 16 highest
ranked critical components, based on the selection criterion has been
prepared. For PNGS-A, these Include the caiandria vessel, the calandria
vault and Its cooling system, nuclear piping, steam generators, cables, fuel
channels, and containment structures. The LTRA program focuses on long-term
reliability and on prolonging the life of these components. An initial
review Indicates that the majority of the critical components can support a
reliable life of 40 years and beyond, provided a proactive and systematic
approach to data gathering, monitoring, Inspection, operations, maintenance,
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design review, and research and development related to these components Is
maintained. For many critical components all that Is required is a good
Inspection and maintenance program. For some others, such as fuel channels,
programs of investigation and study are already underway. For other
critical components, a full evaluation of age-related degradation and an
assessment of various LTRA predictive and preventive actions may be required.

It Is recommended that a LTRA program with a 10-year time horizon be
developed for OH. This has been divided into three phases:

<1> Methodology
(2) Scoping
(3) Implementation

The methodology phase is now complete. For each critical component, scoping
studies would review the required predictive and preventive actions, define
explicitly what research and development, operations, and design related
Initiatives need to be undertaken, and prepare cost estimates. The
Implementation phase would present a strategy and a project plan for the
Implementation of the specific Initiatives Identified 1n the scoping phase.

It is recommended that the differences between the OH LTRA program and the
US PLEX program be recognized. The US nuclear plants have a defined
licensed Hfe of typically 40 years from the grant of construction permit
whereas renewal of operating licenses of Canadian reactors is an ongoing
process. In many cases, the US PLEX program deals with full-scale plant
life extension in terms of upgrades and replacements of plant components
whereas the proposed OH program deals with long-term reliability assurance
and preservation of plant life extension option. In addition, the US PLEX
program is being driven by licensing considerations whereas the Canadian
program also emphasizes reliability of operation.

To ensure that OH's program is not unduly Influenced by the US program, it
is recommended that OH's programs In this area not use the US PLEX
terminology. In the longer term, as our nuclear plants get older, the LTRA
program might be expanded to consider the actual extension of nuclear plant
life.
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SUMMARY

Protection against the loss of a single heat transport
pump was provided in the original design of the CANDU 600
through process and special safety system action. Process
system protection was provided by a reactor STEPBACK to 60
percent power initiated by a change in pump breaker
status. This was backed up by a STEPBACK to zero power,
which would be initiated upon a high heat transport
pressure signal. Independent safety system protection was
provided by means of two separate trip parameters on
shutdown system number ? (SDS1). These parameters were low
core flow and high heat transport system pressure.

Although SDS2 had trip parameters on low pressure drop
across the core and on high heat transport system pressure,
the trip setpoints were selected such that these would only
detect the more severe loss of flow events such as; a total
loss of Class IV electrical power (loss of all four pumps),
and a pump seizure.

Recently the Atomic Energy Control Board staff reviewed
the situation and concluded that sufficient uncertainties
existed in light of the demonstrated frequency of
occurrence to warrant a re-investigation of this event.
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SUMMARY (Cont'd)

The earlier theraaIhydraulic predictions performed for
this event contained a number of implicit assunptions and
were considered too limited in order to develop a firm
understanding necessary to redesign trip setpoints to nee.
the economic and safety objectives. As a result, the staff
at the Point Lepreau Generating Station decided to perform
a single pump trip test prior to the 1986 spring annual
maintenance outage. This test was performed to improve
understanding of the overall plant response, as well as to
provide data which could be used to validate the computer
code SOPHT which would then be used to design new trip
setpoints.

The test demonstrated that the earlier analysis had
significantly over predicted the thermaIhydraulic response
of the initiating event. This was good news from the
economic point of view, but made the task of improving trip
coverage more difficult.

Through a rather extensive analysis using SOPHT? a
conceptual trip design was developed. This design involves
the addition of new trips on PHTS high pressure, core flow
and core pressure drop, which incorporate time delays and
power conditioning. These changes, when combined with some
refinements to the reactor regulating system achieve the
following safety and economic objectives:

i) provides almost full 2 parameter trip coverage over
the required power range of 80 to 100 percent of full
power for the loss of any single pump

and

ii) avoids a trip and possibly the stepback on high PHTS
pressure, if reactor power had been reduced by the
stepback on the change in breaker status.

In conclusion, the trip coverage design for the loss of
a single heat transport pump can be improved considerably
without jeopardizing current operating margins. These
changes should also provide the economic benefit of
avoiding unnecessary reactor shutdown provided the plant
responds as expected. In addition, these changes can be
implemented through software programming of the channelized
Programmable Digital Comparators (PDCs), without any
hardware modification.
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This paper addresses the consequences of pressure/calandria tube failure
in a CANDU reactor core during full-power operation. The major issues
discussed are the potential damage to shut-off rod guide tubes, the
integrity of the calandria vessel, and the potential for fuel channel
failure propagation resulting from the initiating event. In particular,
guide tube damage is assessed in terms of the shutdown depth capability
of Shutdown System #1 under various reactor operating conditions.

A number of damage mechanisms potentially come into play following a •
channel rupture. Hydrodynamic forces apply impulsive loads on the
adjacent structures and pressurize the calandria vessel. Jet forces load
the adjacent structures and cause movements of the ruptured channel which
might then impact adjacent structures. Fuel bundles and/or debris may
also be ejected from the rupture and impact other structures.

Of particular interest is the hydrodynamic model developed for this
scenario by R.E. Henry of FAI under contract to Ontario Hydro. This
model has been validated against experimental results obtained at CISE
(Italy) and by Ross-Ross, Isles and Burnup in Canada.

The magnitudes of the hydrodynamic loads are determined by the dynamics
of bubble expansion, which are governed by the combined processes of
coolant discharge from the break, condensation at the bubble interface,
compression of the liquid moderator, and transient dimensional changes of
the core structures (collapse of calandria tubes, expansion of calandria
vessel). Increasing the initial coolant discharge rate increases the
magnitude of the hydrodynamic loads. In turn, the initial discharge rate
is primarily determined by the size, shape and timing of the rupture
opening, and by the internal channel pressure and temperature
conditions. Increasing -he rate of condensation at the bubble interface
moderates the magnitude of the hydrodynamic loads. This rate is
determined by the amount of surface area available for heat transfer,
which is a function of bubble size and shape, and the condensation heat
transfer coefficient. The rate of condensation is minimized for a
spherical bubble (minimum surface area to volume ratio) resulting in a
conservative estimate of the impulsive loading.
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The impulsive hydrodynamic loading on the adjacent fuel channels and
guide tubes is completed early in the transient (within about
20 milliseconds) when the bubble and moderator pressure approach each
other. Thereafter, the pressure rapidly decreases towards an equilibrium
value determined by the mass balance between discharge from the break and
loss of inventory through the moderator rupture discs.

The impulsive loads are caused by tha transient pressure difference
across the structures adjacent to the break. This is integrated over the
exposed area and over the complete transient time to obtain the impulse
force transmitted. The impulse is conservatively assumed to be wholly
converted into kinetic energy in the structure, and this kinetic energy
is used in evaluating the response of the adjacent structures.

During the hydrodynamic transient, the pressure loading on the calandria
vessel is obtained by considering the compressibility of the moderator
water. The net volumetric strain in the moderator is evaluated by taking
into consideration the possible collapse of the calandria tubes, the
movement of moderator into the relief pipes and the volumetric expansion
of the calandria vessel itself due to the stresses developed.

In all the rupture scenarios examined, the calandria vessels of the
various CANDU reactors are shown to experience only a minor internal
pressure excursion (peak value of 0.5 MPa in 10 ms), and possibly,
impacts by fuel projectiles. These effects result in insignificant
damage to the vessel wall.

The adjacent channels are subjected to steady-state transverse loads due
to thrust and impingement (jet) forces, and to dynamic loads due to the
impulsive hydrodynamic loading, impact by ejected fuel elements, and
impact by the deflecting ruptured channel. By considering the various
failure modes of the adjacent channels and the loads imposed on them, it
is concluded that they will be able to withstand the static and dynamic
loadings.

The intervening structures, such as guide tubes for shutoff rods (SOR),
flux detectors etc., are structurally weak compared to the fuel channels,
and are likely to be damaged more easily following rupture of a single
channel. For hydrodynamic loading, the area of potential damage to the
guide tubes is shown to be limited to a radius of two lattice pitches
(about 0.6 m) around the break location. In practice, damage by the
hydrodynamic transient is largely accounted for by considering damage
mechanisms such as impact by fuel projectiles and pipe whip. Those guide
tubes within the hydrodynamic damage zone (0.6 m radius) which are not
damaged by fuel impacts or pipe whip allow at least 50 percent insertion
of the shut-off rods.

The damage zone due to pipe whip depends on the layout of the guide tubes
and other vertical (or horizontal) devices around the break location.
For guide tubes located immediately adjacent to a whipping pipe, the
damage zone extends over a portion of the axial distance from the severed
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end. When vertical (or horizontal) devices are absent in the immediately
adjacent gap, the whipping pipe is restrained by a fuel channel in the
diagonally opposite second row, potentially damaging the adjacent
intervening guide tubes over some axial distance from the severed end.
For centrally located severances, this axial distance is approximately
0.4 m. whereas for severances at three-quarter length location in the
channel, the axial distance for guide tube damage is about 0.8 m inboard
and 0.3 m outboard from the severed ends.

Damage to the guide tubes due to fuel projectiles is confined to the
immediate vicinity of the break for laterally ejected projectiles, and to
the closest guide tube opposite the severed end of a fuel channel for
axially ejected projectiles.

On the basis of the above mechanisms, SOR guide tube damage maps are
presented for arbitrary locations of channel failure within a typical
reactor core such as Darlington NGS, and calculations are presented to
demonstrate that adequate shutdown margin exists for all operating
conditions.
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SUMMARY

Previous safety analysis which was performed in support of the
operating licence for Gentilly 2 assumed a containment leakage rate of
0.5% volume per day at a design pressure of 225 kPa(a). In view of
recent advances in containment technology which strongly suggest that
overly pessimistic assumptions might have been used in the previous
analysis, this study was launched to examine the consequence of a
higher hypothetical leak rate (5% per day) under various accident
scenarios. All together, 10 selected single-failure and dual-failure
events, plus 6 sensitivity cases, have been studied.

A salient feature of the single-unit CANDU 600 containment design
is its extreme leak-tightness and its ability to withstand relatively
high pressure. This feature enables the reactor building to "bottle up"
all fission products indefinitely without having to resort to filtered
discharge of contaminated air to the ateosphere. Although this filtered
venting is an available option as well as an "insurance", this study
has not taken any credit for it.

To parametrically assess a higher leakage rate and to keep the
scope manageable, the same front-end data (PHT thermohydraulics and
fuel behavior) as those reported in the previous accident analyses
have been used in this study. However, new and more realistic estimates
are made of post-blowdown long-term discharge from the break in the
assessment of containment response.
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SUMMARY (Cont'd)

In addition, this study adopted iirprove methodology in:

. Containment model (4-node instead of 1-hcde)

. Radionuclide behaviours (based on post-TMI information)

. Store realistic transient fission product release fran fuel

. Dispersion and dose calculations (based on a more recent draft
of the CSA Standard).

All these "innovations" represent only a small collection of current
readily available technology, rather than the sophisticated technology
that is under development at AECL based on information generated under
the CANDU Owners' Group R & D program. Great margins in predicted dose
still exist in the overall assessment of containment and fission pioduct
behaviour. The combined effect of those available technologies adopted
in this study is already producing significant results.

The present analysis shows that the increased leakage rate would be
acceptable from a dose prospective. Despite a ten-fold increase in
leakage, the predicted doses are well within the AECB radiation dose
guidelines for single- and dual-failure accidents. Indeed, for the
events most sensitive to building leakage, the calculated doses are
below 5% of the AECB guidelines.

It is clearly demonstrated that for any major single failure event
(such as LOCA, End-fitting failure), containment envelope with a 5%
leakage rate remains extremely effective and reliable in mitigating the
potential release of radionuclides: we have never had to invoke the dose
limit for the dual failure. A leak rate of up to 5% volume per day at
design pressure has not been, and should not be considered as an
impairment. For dual failure involving containtrent boundary breach
(such as deflated airlock seals), the contribution of leakage to dose is
negligible anyway, in comparison to release frcm the impairment.

As the ability of the containement system to hold single and dual
failures within acceptable dose limits is not affected by the 5% leakage
rate, nor is the containment system design criteria of redundancy and
diversity or the ability to "bottle up" indefinitely for proper managsnent
of release and emergency procedure affected, we conclude that the defence-
in-depth concept is by no means compromised by the hypothetical increase
of building leak rate to 5% per day.



UO- OXIDATION IN AIR OR STEAM - RELEASE OR RETE.VTIO.N1

"OF THE FISSION PRODUCTS RU, Ba, Ce, Su, Sb AND N'b

C.EoL. Hunt,
F.C. Iglesias,
D.S. Cox,
N.A. Keller,
R.D. Barrand,
J.R. Mitchell,
R.F. O'Connor.

As part of an ongoing program on the behaviour of fission products in
hypothetical reactor accidents, we have been studying the release kinetics of
fission products during oxidation of fragments of irradiated U0£« Tests
have been done in an inert atmosphere, in air or in steam, at temperatures up
to 1650°C.

The most frequently measured fission products are cesium and iodine and
their behaviour has been reported previously. In this paper we will discuss
the behaviour of other elements, particularly ruthenium, barium and cerium.
Observations on niobium, europium and antimony will also be included.

Under inert gas, none of these elements has been observed to move from
U02 at temperatures up to 165O°C, even though barium melts at 725°C and
cerium at 799"C. The vapour pressure of Ce (boiling point 3426°C) should be
very low but that of Ba (boiling point 16408C) in equilibrium would be one
atmosphere. Thermodynamic data show that Ba will reduce UO2 at
temperatures below 1700°C. It is therefore probable that barium exists in
the fuel as an oxide. The oxides of Ba and Ce both have melting points
considerably higher than the test temperatures and would therefore not be
released.

When the UO2 is oxidized in air above 750°C, ruthenium is the only
one of these elements released. Ruthenium has a melting point of 2310°C but
it oxidizes readily at about 700°C. Several very low melting point ruthenium
oxides exist. Below 1000°C the ruthenium oxide (probably RuO^) released
from UO2 tends to plate out on cooler surfaces with a peak centred at about
650°C. At 1100°C and above, RUO3 is believed to be the migrating species
and 1002 of the ruthenium is released in a few minutes. Any release of the
other elements was below our detection limits. One of the retained
radionuclides, Ce-141, has proved to be an excellent indicator of the
physical condition of the UO2 specimen. The gamma-ray for Ce-141 has an
energy of 145 keV. With this low energy, there is considerable self
shielding. In a test at 1100"C, the gamma-ray signal for this isotope
doubled between two successive counting periods about 10 seconds apart,
indicating very rapid fragmentation of the specimen. Post-test examination
showed the specimen to have been reduced to a fine powder.
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The steam tests were done on fuel six months aftsr its removal zrcn the
reactor. Apart from cesium, the only radionuclides released were ^u, Zu, 3b
and N'b. Unlike the observations in air, ruthenium release was delayed until
the fuel specimen had reached its equilibrium oxygen composition. Oily then
did oxygen become available to oxidize the ruthenium, at which tine the
ruthenium was released. At 1650°C the initial release rate was 18% per hour,
decreasing to about half of this value within about one hour. At lower
temperatures, the behaviour was similar but the release rates were lower.
Below 1400"C in steam, ruthenium release was not detectable. We believe that
the initial burst represented oxidation of readily available ruthenium,
probably on free surfaces. The slower release was probably controlled by
diffusion from the U02+x matrix. Europium appears to follow a similar
behaviour to the ruthenium but with much lower release rates. Release of Sb
and Nb was barely measurable.
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FISSION PRODUCT RELEASE FROM U07 IN AIR
DURING TEMPERATURE RAMPS

D. S. Cox,
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R.D. Barrand,
R.F. O'Connor,
J.R. Mitchell

This paper describes results from an ongoing series of experiments
investigating the release of fission products from fragments of irradiated
UO2 during temperature transients. This project is part of the Canadian
research on fission product source terms, in which the release and transport
of fission products from UO2 are being assessed in air and steam over a
wide range of temperatures. Experiments have been performed in flowing
argon, air and steam up to a maximum temperature of 1670°C, and releases have
been measured under both isothermal and transient temperature conditions.

In addition to these active experiments, work has been performed using
unirradiated UO2 to provide an understanding of the physical changes which
occur when the fuel is exposed to air or steam at high temperatures. The
oxidation data will assist the interpretation of fission product release
phenomena. Isothermal oxidation behaviour in air and steam, and fission
product releases in air below 1100°C have been reported previously (1-4).

The transient temperature tests detailed in this paper include both
heating and cooling in air at various fixed rates. Oxidation rates of the
UO2 in air were sensitive to the thermal ramping conditions because of
differences in the oxidation mechanisms operating at low, intermediate and
high temperatures. Slow positive ramps in air, followed by cooling in argon
showed the fastest oxidation rates because of extensive grain boundary attack
and powdering to U3Og at 400 to 600°C. In an experimental variation,
some UO2 samples were heated in inert gas and air was admitted only during
cooling. For a given ramp rate and maximum temperature above 900°C, less
oxidation was observed when air was present during cooling as opposed to
heating. This effect is attributed to adherent U3Og formation at high
temperatures which inhibits the raDid formation of 6303 powder at lower
temperatures.

Measurement by gamma scanning of the retained fission products in the
UO9 fragments provided information about isotopes of the following
elements: I, Cs, Ru, Rh, Ce, Zr, Nb, Ba, La, Eu, Te, Sb and Pr. Xenon was
monitored at a different detection station located downstream from the fuel.

At temperatures exceeding 1100"C, we found that 100% of the Xe, I, Cs
and Ru were released from the UO2 within 30 minutes when exposed to air.
No significant Cs releases were observed below 75O°C. Zr, La and Ba remained
in the fuel under all conditions at temperatures below 1670°C. Changes in
the count rate of the low energy Ce gamma ray were found to be useful as an
aid to identifying the timing of fragmentation of the fuel during oxidation.
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f The proliferation of Nuclear Power Plant safety concerns has
lead to increasing attention over the Environmental Qualification
(EQ) of Nuclear Power Plant Safety-Related Components to meet
their corresponding safety-related functions. In order ro
substantiate that these safety-relatad components will meet their
intended safety-related functions under operating and postulated
accident conditions throughout the station life, an overall
Environmental Qualification Program (EQ?) has been developed for
Darlington Nuclear Generating Station currently under
construction. The Main Moderator System, identified as a safety-
related system was chosen as a pilot project to implement the EQP
followed by full scale implementation with necessary refinements
for all safety-related components used in Darlington Nuclear
Generating Station.

This paper provides an overview of the experience of the
pilot project, in the qualification of the Main Moderator System
safety-related components to meet the intended safety-related
functions. It addresses the various phases of qualification from
the identification of the Environmental Qualification of Safety-
Related Components List (EQSRCL), definition of location specific
service conditions (normal, abnormal and accident), safety
functions, Environmental Qualification Assessments (EQA) to
detailing the Environmental Qualification Maintenance Input
(EQMI) to maintain the EQ status of the safety-related components
in the power generating station.

The EQAs for the Main Moderator System Safety-Related
Components address the impact of location specific service
parameters. Based on the location of the component from the
EQSRCL, qualification is divided by two main categories, ie.,
Harsh and Mild environment components. Harsh environment
components are those components that are located in unprotected
environment, ie., components which are subjected to a postulated
design basis event, eg., LOCA or a main steam line break etc.,
that produces harsh environment including that of high radiation,
temperature, humidity, pressure and combined effects etc. Mild
environment components are those components that are located in
protected environment and are not affected by postulated design
basis events like LOCA, MSLB etc excluding seismic but are
credited to function after those events. These EQAs identified
the replacement parts and peroids to maintain the safety-related
functions of the component under normal, abnormal and accident
environment. The seismic qualification documentation are
referenced in the EQAs. The results of these assessments formed
the basis of the EQ maintenance input to station Operations and
Maintenance Program. The major types of equipment evaluated in

! the Main Moderator System include pumps, heat exchangers, valves,
valve actuators, limit switches, pressure transmitters, electric
cables and interfaces etc.

The experience of the pilot project confirmed that the



overall EQ? framework works wall and helped refine the various
program activities. It revealed the various interfacing
activities that are critical to the success of the overall EQ
Program. It established the validity of the methodical approach
to environmental qualification of safety-related components as
devised for Darlington Nuclear Generating Station. The cilor
project provided a documentated basis for the environmental
qualification of the Main Moderator System Safety-Related
Components to meet specific plant service conditions (ie normal,
abnormal and accident). It further became evident that plant
specific conditions and the safety-related functions of the
component under qualification need to be redefined and re-
evaluated during the process and especially in the absence of
component test data to complete the overall assessment. The
process of preparing an EQMI established a means of maintaining
the EQ status of the Safety-Related Components throughout the
entire life of the station. It reinforces the need to involve
Operations and Maintenance personnel in the early stages of EQ,
so that they can be made aware of the extent and magnitude of
the impact on them due to EQ and be committed to the total
program. It is important to recognize that EQ maintainence
input to the station Maintenance Program based on the EQ
assessments, is an integral part of any effective EQ program and
is critical to maintaining the EQ status of the safety-related
equipment/component throughout the entire life of the station.

It is believed that environmental qualification with a
documented basis such as that being done for Darlington Main
.Moderator System, along with Operations feedback, can form a
sound basis for plant life extension in the future.
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Localized neutron flux and power pulses are a result of neucronic
decoupling of reactor regions, to the extent where a local reactivity
insertion leads to a relatively non-global reactor flux response. Such
excursions are more difficult to detect than global pulses because of the
finite number of shutdown-system detectors.

The incentive to identify mechanisms that could produce such local
pulses results from events like the CHERNOBYL accident, where it is
suspected that due to the large neutronic size of the RBMK-1000 the power
excursion may have been concentrated in one region of the reactor.

In CANDU reactors, the subcriticality of the most prominent
harmonics is in the range of 18-25 milli-k, so that a positive local
reactivity insertion of at least this order of magnitude would \>e required
to produce regional criticality.

To confirm that CANDU reactors cannot support local power
excursions, we selected a credible local reactivity insertion mechanism in
the CANDU 600 and calculated the neutron flux transient with a three-
dimensional model.

Mcst previous analysis of reactor transients and postulated
loss-of-coolant accidents (LOCA) were based on consecutive runs of the
neutronics and thermohydraulics codes. Coupling effects were evaluated only
by "post-calculation" iteration between the codes.

In the present work, the neutronics and thermohydraulics
calculations are coupled within a single simulation of the transient. The
transient is subdivided into appropriate time steps. Iteration between the
codes is carried out at each step as the transient simulation proceeds, so
that the proper distribution of thermohydraulic feedback reactivity is
calculated.

The computer programs which were coupled in this manner are the
neutronics code CERBERUS ^ ' and the thermohydraulics code
FIREBIRD-II1 MODI u ; . CERBERUS solves the time-dependent neutron diffusion
equation in three-dimensions and FIREBIRD solves the mass, momentum and
energy balance equations for a steam and water piping network.

The particular simulation carried out with the coupled code in the
present study was a hypothetical transient, assumed to have been initiated
by the inadvertent withdrawal of a mechanical control absorber (see
Figure 1). The steady-state pre-event configuration corresponded to a bank
of two control absorbers being fully inserted in core, with the reactor at
full power. The speed of withdrawal of the absorber was taken as 4.76 cm/s,
the upper limit of the rod withdrawal speed.

The simulation was carried to 24 seconds following the start of
the transient. To study differences between the overall and local power
excursions, the simulation disregarded tripping of the reactor shutdown
systems and did not credit any action of the reactor regulating system.
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In the theraohydraulics nodel, Che reactor was divided into 12
zones, as shown in Figure 1. Each zone was represented by one channel in
the FIREBIRD model. Along the channel, each bundle was individually
modelled.

At each step of the transient, instantaneous bundle powers
corresponding to the thermohydraulic zones were calculated in CERBERUS and
transferred to FIREBIRD. Feedback effects in coolant density and fuel
temperature at each bundle position in each zone were Chen returned to the
neutronics calculation to evaluate the changes in lattice nuclear
parameters.

Figure 2 shows the resulting power transient for the entire core
and for the two zones with the maximum and minimum power increases (zones 6
and 3). The results show that CANDU reactors do not support a localized
transient, since the effect of the local neutronic perturbation has
propagated throughout the entire core. By about 20 s, the power in zone 3
reaches 1202, which would initiate a reactor overpower trip. At this time,
the power in zone 6 is 150% with a corresponding flow reduction to 82%, with
no fuel heat-up predicted for the channel representative of zone 6 (T17).

In summary, the neutronic characteristics of CANDU reactors are
such that they do not allow local power excursions to occur without a
comparable global power increase. The latter would not escape detection by
the protective systems.

REFERENCES
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INTRODUCTION

Traditionally, fuel management codes such as SORO, FMDP, RFSP and OHRFSP
use fuel properties generated by a lattice code such as POWDERPUFS or
LATREP. These fuel properties are functions of fuel irradiation only,
with all other core-varying input parameters to the lattice code held
constant at core-averaged values. Recently (Reference 1), some work has
gone into developing a Pt. Lepreau version of RFSP in which the fuel
properties are functions of fuel temperature and coolant density as well
as of fuel irradiation.

Darlington is the first Ontario Hydro reactor with coolant boiling at the
outlet of all the fuel channels during normal operation. The purpose of
this study was to determine whether the reactivity effect of this boiling
is sufficient to justify the explicit representation of the fuel
properties as a function of coolant density.

In Darlington, the channel feeders are individually sized so that the
coolant in each channel has some boiling on reaching the entrance to the
reactor outlet header. The design is such that when each channel is at
its nominal time-averaged 100 percent power, the quality at the ROH
should be under two percent. The day-to-day variation of each channel's
power around its time-average value (i.e., "ripple") results in a
corresponding variation in the qualities.

Specifically, our purpose is to quantify the expected variation in core
reactivity due to this day-to-day variation in channel power and channel
boiling.

In order to obtain this statistical quantity, our analysis is split into
two components:

(a) We carried out a core calculation for the easily modelled but
physically unrealistic case of all channels simultaneously
attaining the same high KOH quality.

(b) We carried out a statistical analysis of these results, so as to
draw inferences concerning the reactivity effect of actual
day-to-day channel power variation, as a function of reactor
power.

5400b
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METHODOLOGY

The required thermohydraulic data are inferred from a set of NUCIRC
computer runs which predict the axial variation of coolant temperature,
pressure and quality along each channel in the core, at a variety of
channel powers. From the data, we can interpolate the average coolant
quality at each bundle position corresponding to each of a set of header
qualities.

OHRFSP CORE CALCULATIONS

Core calculations were conducted using the TIME-AVER module of the
computer code OHRFSP on a Darlington NGS A core model. The effect of all
channels simultaneously achieving various ROH qualities ranging from 3 to
7 percent was treated by using special POWDERPUFS fuel properties for
bundle positions 10 to 13. These properties explicitly accounted for the
effective coolant density corresponding to the quality at each bundle
position.

The resulting changes in reactivity varies from 0.03 mk when all channels
in core reach 3 percent ROH quality, up to 0.21 mk at 7 percent quality.
For subsequent manipulation, the core reactivity p(x) is fit to a
quadratic function of header quality.

STATISTICAL ANALYSIS

We make two assumptions:

(a) The reactivity effect of channel n attaining an outlet header
quality of xn percent is separable into two terms, the core
reactivity term p(xn) and a channel weighting factor wn.

(b) The day-to-day variation of the ROH quality can be characterized
by a normal probability distribution.

With these assumptions, we can develop an expected core reactivity of the
form p c + Apc, where pc and Apc are functions of the mean
ROH quality xo, quality standard deviation <rx, quadratic fit
coefficients b0, bj and b2- cut-off quality xc and assumed
weighting factor wn,

RESULTS

At 100 percent power operation, the expected core reactivity in
Darlington NGS A due to channel boiling works out to 0.024 ± 0.003 mk.
For sucn a negligible effect, it is unnecessary to explicitly represent
fuel properties as a function of coolant density in our fuel management
code modelling of the core.

5400b
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SUMMARY

The near-term emphasis of the advanced fuel cycle program within AECL
is the demonstration and implementation of slightly enriched uranium (SEU)
in CANDU. While offering several benefits over natural uranium (NU) fuel,
SEU is seen as an economical first step towards the introduction of other
advanced fuel cycles in CANDU.

While the maximum benefits of SEU would be achieved in a full core,
a part-core loading of SEU would enable several benefits to be realized,
while offering one significant advantage over a full core loading o£ SEU -
- simplicity of fuel management. Also, before SEU is introduced on a full
scale in CANDU, a large-scale demonstration irradiation of the fuel will
be required in a power reactor to demonstrate acceptable fue. performance
at higher burnups.

This paper describes the benefits and characteristics of one possible
scenario for introducing SEU in a CANDU-600 reactor. The physics
characteristics were calculated using the fuel management code FMDP, with
lattice data provided by the cell code WIMS-CRNL. The equilibrium mixed
SEU/NU core was modelled using the 'TIME-AVERAGE' module in FMDP. The
transition from the equilibrium NU core to the mixed SEU/NU core was
simulated using a time-dependent refuelling simulation in FMDP, providing
realistic timates of the maximum powers, refuelling rates, and other key
core characteristics during the transition phase.

The mixed SEU-NU core consists o£ a ring of 216 SEU channels at the
periphery of the core, surrounding a central NU region of 164 channels.
The SEU enrichment is 1.2%. A standard 8-bundle shift bidirectional
fuelling scheme was used for the NU channels, and a 2-bundle shift
fuelling scheme for the SEU channels. The SEU and NU fuel burnups were
chosen to flatten the radial channel power distribution. A radial form



factor (ratio of average to peak channel power) of 0.383 was achieved,
compared to 0.327 for the NU reference. Hence, an uprating potential of
about 1% exists ( based on the time-average physics results).

The axial power profile with the SSU fuel is perfectly acceptable,
although different from that with NU fuel. The power peaks at the
upstream enC of the channel, at around the fourth bundle position, and
decreases along the length of the channel. A modest improvement in
critical channel power (CCP) is expected compared to that obtained with
the NU axial power profile.

Annual fuel cycle costs for the mixed SEU/NU core are lower than for
the NU reference by about $5 million. The higher burnup of the mixed core
also reduces the rate of production of spent fuel by about 40%. The
fuelling machine utilization is expected to be lower in the mixed core.

The transition to the mixed core from the NU reference was modelled
in 10-day timesteps. The transition was complete after 810 full power
days, while the total simulation was continued for 1000 full power days.
SEU fuel was added to the outer channels 2 bundles at a time.

Although peak channel and bundle powers during the transition
period were acceptable, any power uprating would not be achievable until
after the transition to the mixed core was completed. The average maximum
channel power after the transition was 5-6% lower than in the NU reference
before the transition. The simulation was not continued long enough into
the post-transition period to provide realistic estimates of the expected
peak powers in the equilibrium mixed core; however, the trend in maximum
powers was downward.

The peak linear element rating was about 61 kW/m. Although some
sizeable power boosts do occur during refuelling, these boosts occur at
relatively small burnups, and are not expected to pose problems for fuel
performance. Power and power boost envelopes were analyzed by fuel
engineers, who indicated that fuel performance was not anticipattd to be a
problem. However, experimental data at the burnups of interest is sparse.
If necessary, an advanced bundle design having greater subdivision than
the current 37-element design, and hence lower linear element ratings,
could be used to provide greater confidence in fuel performance at high
burnup. The highest burnup experienced during the transition was 25
Mtfd/kg.

One potential problem was identified during the transition period —
high channel overpowers. (The overpower of a channel is the ratio of its
instantaneous or actual power to its time-average or reference power.) The
reference power shape, and the overpowers, are needed in normalizing the
Regional Overpower Protection (ROP) system detectors. Although the
absolute channel powers are not excessive, the overpowers are, because the
channel power distribution is evolving from the NU reference to the mixed
core reference. In other words, during the transition phase, an
equilibrium or reference power shape does not exist. Hence, some other
method of calibrating these detectors may be necessary.
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SUMMARY

Shut Off Rod performance requirements for the
Pt. Lepreau reactor has recently been reviewed. In
particular, the impact of rod availability and slow
insertion characteristics on overall SDS-1 capability was
considered. This report summarizes the SOR peformance
study and discusses the analytical methods and tools used.

1.0 Objective of the Study

The main impetus of the study was to provide a clear
technical basis for establishing operating impairment
guidelines. These guidelines are necessary to provide
instructions for appropriate and timely action to the
reactor operator in the event of SOR performance
degradation.



2.0 The Analysis

In this study the SMOKIN computer cods was used to
simulate the insertion of shutoff rods into core following
a trip on Shutdown System 1. The SMOKIN computer code
utilizes a flux modal expansion technique to solve the
neutron kinetics equation in three dimensions. Flux mode
shapes were generated by finite difference eigenvalue
solutions to the 2 grjup diffusion equation. The
Pt. Lepreau SOR model developed for this work was verified
against Phase B test results and is also discussed in this
report.

The simulation of an overpower transient following a
large LOCA accident is used'in the study as a basis for
establishing a SOR performance capability criterion. The
relative effectiveness in preventing fuel overpower during
the excursion, was calculated for various combinations of
impaired and unavailable rods.

The acceptance criterion was chosen .is a fuel bundle
overpower no greater than the fuel bundle overpower
calculated in the safety report for a large LOCA accident
(30% RIH break). Restrictions on rod availability due to
other limiting accidents requiring a certain depth of
reactivity was also considered.

3.0 Results of the Study

From the SMOKIN simulations of various combinations
of unavailable or slow shut off rods an overall impairment:
map was generated. This impairment map can be used for
determining impairment levels for any combination of slow
or unavailable shutoff rods. Also more operationally
useful criteria were generated for determing impairment
levels from routine safety system tests.

4.0 Conclusions

In general the findings in this study confirms the
inherent robustness of the SOR insertion system of the
Pt. Lepreau reactor. The results indicate as manv as 6
rods in any combination can be unavailable to insert upon
demand and vet the system would still be effective in.
terminating the design basis accident.

The findings also suggest that the insertion rates
and characteristics currently measured at Pt. Lepreau
exceed the design center requirement calculated by the
designer adding to the inherent safety margin of the
system. The reason for this and its impact on performance
is also discussed.
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CANDU reactors have two independent, diverse, and physically separated
shutdown systems. The second shutdown system is the liquid poison
injection system. It consists of a tank containing helium gas at high
pressure which is connected through fast acting valves to several tanks
(six to eight). These tanks contain neutron absorbing gadolinium nitrate
dissolved in heavy water. Each tank is connected through a series of
pipes to a horizontal, cylindrical, multi-hole injection nozzle extending
into the reactor moderator.

When a trip signal opens the fast acting valves, the high pressure helium
drives the gadolinium-heavy water poison solution into the injection
nozzles from outside the core. The poison solution fills the nozzles
displacing unpoisoned solution. When the pressurized poison solution
reaches rows of holes in the nozzles it is ejected into the moderator in
the form of thin jets, which spread rapidly and coalesce to form
dispersing "curtains". There are four rows of holes around the nozzle so
that the curtains come out in four different directions.

To simulate shutdown by the poison injection system, the injection of the
poisoned fluid into the moderator is modelled by a hydraulics code, and
the neutronics and reactivity effects are modelled by a series of reactor
physics codes. This paper deals with the development and validation of
the reactor physics component of this model.

Data on poison injection power rundown transients were obtained during
phase B commissioning of Pickering NGS B and Bruce NGS B. In addition, a
test of poison injection system effectiveness was recently performed on
one of the Bruce NGS A units. These transients were simulated with the
model we have developed for comparison with the experimentally obtained
results.

Comparisons for the Pickering NGS B reactors have already been reported
(Reference 1). We have refined that model and applied it to the
Bruce NGS A and Bruce NGS B transients.

Our approach to modelling the injection of neutron absorbing poison into
the moderator is as follows:
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(a) The poison injection transient is computed with a hydraulic
code. The expansion of the driving gas is assumed to take place
adiabatically and the ideal gas laws are assumed to hold. This
code models the poison injection system tanks and piping as a
nodalized network. It computes the amount of poison which is
injected from a row of nozzle holes and estimates the average
length, thickness and height of the resulting poison curtain as
a function of time.

(b) To determine the neutronics effect the predicted poison curtain
is represented as a rectangular parallelpiped expanding into the
moderator. Neutron current into the absorbing curtain is
approximated using Kushneriuk's method for an equivalent uniform
absorbing cylinder. Poison mass and curtain surface area as a
function of time are conserved.

(c) The cell averaged incremental nuclear cross sections are
computed using a finite-difference diffusion-theory supercell
code which models absorbing regions using current-to-flux ratio
boundary conditions.

(d) The neutronics transient is simulated with a modal spatial
kinetics code. The modal reactivity coefficients of the poison
curtains are computed by a preprocessor code. To simplify the
modelling, curtain thickness is varied in a series of steps,
rather than continuously, with curtain height adjusted to
conserve volume.

The neutronic flux transients from the experimental poison injection
power rundown transients were measured with in core instrumentation. The
experimental reactivity transient for the poison injection is obtained
from the measured flux transient by inverting the point kinetics
equations as described in Reference 1, with corrections for spatial
effects and detector response. The figures compare simulated and
experimental reactivity transients for the Bruce NGS A test and the
Bruce NGS B Unit 7 Phase B Commissioning test, respectively.

References
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Summar

Self-powered flux detectors are used extensively in CANDU power
reactors. Detectors with vanadium emitters are used for flux mapping
while those with platinum or Inconel emitters are used for bulk and
spatial flux control and for over-power protection. The detectors used
in the Pickering, and Bruce A reactors are coiled on a Zircaloy carrier
tube. In Bruce 3, the detectors are inserted straight into individual
Zircaloy guide tubes so that individual detectors can be replaced and
calibrated with the reactor at power. A transportable Travelling Flux
Detector (TFD)l- system, designed for the in-situ calibration of the
fixed self-powered detectors, has been developed and tested at Chalk
River. It consists of a miniature fission chamber, a motor drive
mechanism, a computerized control unit and a data acquisition subsystem.
This paper describes the first successful use of the computerized TFD
system in an operating CANDU power reactor and the results obtained from
the in-situ calibration of the 54 vanadium flux mapping detectors in the
Bruce B, Unit 6 reactor. The results are compared with those obtained
in a simulated CANDU core installed in the ZED-2 zero energy
experimental reactor at the Chalk River Nuclear Laboratories.

The basic equation to determine the sensitivity per unit length, S,
of a flux mapping detector is:

S - F I S ./
ref ,

where - S r e f is the absolute sensitivity of the TFD fission chamber,
- Iref(x) is the current from the TFD at elevation x,
- I is the current generated by the flux mapping detector at the

time of calibration.
- a, b are the elevations at the ends of the flux mapping

detector,
- F is a factor introduced to correct for the flux depression

produced by the detector itself. It is usually a small effect
and F is assumed to be unity.
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In order to calibrate the vanadium flux mapping detectors, the
following procedure was used. The reactor power of the S85 MWe Bruce
B, Unit 6 was held constant for a few hours before neasurements were
taken. Each of the detector signals, I, was read into the station
computer in the control room before and after each TFD scan. The TFD
fission chamber was then driven into the reactor core at a speed of 50
mm/s and the output current Iref(x) was monitored at 20 millisec
intervals to yield a data point at every millimeter. Data were taken
on both in-scan and out-scan of the reactor. The integral in Equation
(1) was calculated by numerical integration of the TFD current between

the detector end points- Typical values for I andf I .(x) dx were

1.7 x 10-6 A and 0.63 x 10~4 A. m respectively. Sref for the TFD
fission chamber has been calibrated in the NRU thermal column at Chalk
River to be 1.205 x 10-22 A/(n.m-2.s-l). The 54 vanadium detector
sensitivities were determined using Equation (1) and the average sensi-
tivity was (3.21 + 0.08) x 10~24 A m-l/(n.m-2.s-l).

The sensitivities of a variety of vanadium self-powered detectors
have been determined by C.J. Allan? in a simulated CANDU core
installed in the ZED-2 reactor at Chalk River. It was found that the
detector sensitivities, S, depend primarily on emitter diameter and
that the observed variations can be fitted by means of a power law.

S - 2.05 x 10~24 D1'23,

where D is the emitter diameter in mm.

The sensitivities of the vanadium flux mapping detectors in the
Bruce B, Unit 6 reactor is in good agreement with this power law
correlation as shown in Figure 1.

The two conclusions drawn from this work are as follows:

1. The transportable TFD system is a reliable tool for the in-situ
calibration of self-powered flux detectors in operating CANDU power
reactors. Access to the results obtained from this system will
improve the accuracy of the on-line flux mapping program in
calculating channel power output.

2. From the measurements on Bruce B, Unit 6, the sensitivity of the
vanadium flux mapping detector agrees with the power law
correlation previously determined in the ZED-2 reactor.
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DEVELOPMENT 0? THE LOCA ANALYSIS GODS SYSTEM
OP THE ADVANCED THERMAL REACTOR CATR)

by

Y. Hayamizu, H. Mochizuki and H. Midorikawa

0-arai Engineering Center
Power Reactor S Development Corporation (PNC)
4002, Narita, O-arai-machi, Ibaraki-Ken 311-13

Japan

SUMMARY

PNC has developed the LOCA analysis code system of ATR
as shown in Pig. 1. The code system consists of the large
break blowd.own analysis code "SENHOR", the small break
blowdown analysis code "LOTRAC", the reflooding analysis
code "FLOOD" and the fuel temperature analysis code
"HEATDP".

The fundamental equations of the SENHOR code are based
on an EVET model with slip and are solved by the
characteristic method. Th LOTRAC code has the equations of
EVET with a drift flux model, which are solved numerically
on the assumption of quasi-steady state conditions to
calculate slow transients fast. The FLOOD code calculates
reflooding behaviour in multi-pressure tubes with different
power after injection of ECC water into a water drum, using
the time-dependent pressure boundary conditions in a steam
drum and a water drum calculated by the SENHOR code. The
HEATUP code calculates the temperature and the oxidation
rate of each fuel rod in a bundle taking into account
radiation and convection heat transfer.

Plant behaviour under LOCA conditions are characterized
by the configuration of the primary cooling system of a
reactor plant. The primary cooling system of the ATR is
divided into two independent loops. Each loop consists of
a steam drum, a water drum, pumps, vertical pressure tubes
and many other tubes.
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SUMMARY (Cont'd)

As a fuel assembly is installed in a pressure tube, it
is important to clarify thermal hydraulic characteristics
in the pressure tube to analyze coolability of a fuel
assembly. Thermal hydraulic characteristic in a steam drum
is also important for an analysis of the LOCA, because the
ECCS is initiated by the signals of the low pressure and
the low water level in a steam drum in case of a large
break LOCA.

PNC has conducted the feature tests and system tests to
develop LOCA analysis codes. The feature tests have been
conducted under steady or pseudo-steady state conditions to
develop basic analytical models and constitutive equations
in pressure tubes and a steam drum. The system tests have
been conducted under LOCA conditions to verify analysis
codes composed of analytical models and constitutive
equations obtained by feature tests.

The ATR Safety Experimental Facility, shown in Pig. 2,
has been used for tests. It simulates the primary cooling
system and the ECCS of an ATR. LOCA experiments have been
carried out changing the break positions (down-comer break,
main steam pipe break, inlet pipe break and pressure tube
break) and break sizes. The down-comer break is the
largest and most severe accident of the LOCAs for
temperature rise of fuels In an ATR. The Japanese safety
criteria requires less temperature rise of any fuel sheath
than 1200*C and less oxidation of any fuel sheath than 15%
of it^ thickness for the LOCA under operation of the ECCS.
It is therefore necessary to accurately predict the fuel,
temperature transient, as well as the transient response of
pressure and the water level in a steam drum.

Pig. 3 shows experimental results of the down-comer
150 mm break. The temperature of the fuel sheath, the
pressure and the water level in the steam drum are compared
with analytical results by the SENHOR code. The SENHOR
code predicts them reasonably well.

The LOTRAC, FLOOD and HEATUP codes, have also been
verified by LOCA experiments conducted at the ATR Safety
Experimental Facility.



Small Break LOCA Large Break LOCA

Configuration of Primary Loop
ECCS
Fuel
Operational Condition

LOTRAC Code SENHOR Code

(G.P.H)

FLOOD Code

(Reflooding)

HEATUP Code

Fuei Temperature
Oxidation

Fig.1 ATR LOCA Analysis Code System
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THERMAL POWER UPRATING .OF CANDU REACTORS

by

N. Spinks**

and
D. Groeneveld*

**Advanced CANDU Project
*Thermalhydraulics Development

Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories
Chalk River, Ontario KOJ 1J0

The paper examines thermal power uprating as a means for reducing
specific capital cost (cost per MWe of electricity generated) of CANDU
reactors. Much of the capital cost of a CANDU reactor is in the Nuclear
Steam Supply System (NSSS) so substantial gains in specific capital cost
can be made by increasing the thermal power without making substantial
changes in the NSSS. Specifically, it is preferable to increase thermal
power without increasing the nunber of fuel channels, and without
increasing the size of pumps and boilers.

Core power densities are essentially limited by the effects of
irradiation on fuel performance. As UO2 is irradiated, fission product
gases are generated which, at high temperature, are released stressing
the sheath and potentially causing failure. The natural uranium fueled
CANDU has an advantage in this regard because the fuel is not taken to
high irradiation enabling it to operate at higher UCz temperatures
permitting higher element linear powers than reactors using enriched
fuel. The current fuel bundle operates well at element linear ratings
up to 65 kw/m, producing powers up to 1035 kw. Higher powers are
expected from a new proprietary fuel bundle.

Good fuel performance also requires good haat transfer fron fuel to
coolant and this in turn requires the avoidance of dryout, i.e. heat
fluxes less than the critical heat flux (CHF). This would not happen
during normal operation of existing reactors because a margin of about
20% exists between the maximum channel power under control by the
reactor regulating system and the channel power at dryout. With this
margin, each of the two independent shutdown systems ensures a low
probability of dryout even in a loss-of-regulation accident. Dryout: is
avoided in case it can lead to UO2 r.eiting and more severe damage 1:1
this low-probabi;:ty event. The following options are available
for uprating wh:l" ensuring good heat transfer:



(1) Eliminating the 2QZ margin to dryout. However the consequences of
dryout in an LOR event would need evaluation. Some discussion is
given on these consequences and on developments that are needed for
improved assessment.

(2) Reducing the margin by improving the accuracy of detecting dryout
by the shutdown system. Some options for doing this are discussed.

(3) Retaining the margin by increasing the fuel channel dryout power.
Increases are expected with the new fuel bundle and additional
improvements could be achieved by increasing coolant flow, reducing
coolant temperature or by increasing primary pressure. These
options are discussed.

Dryout power improvements of 5 to 10% seem achievable with the new fuel
bundle and similar improvements are expected in the margins required by
the shutdown systems. Reduced coolant inlet temperature looks to be
attractive in the short term for increasing dryout power. By reducing
the secondary steam temperature, primary temperatures can be reduced and
the reactor uprated without increasing the size of primary pumps and
boilers. Reduced steam temperature leads to reduced thermodynamic
efficiency but the electrical power lost from reduced efficiency is only
25Z of that gained from the increased thermal power. In the longer
term, given successful progress in the assessment of the consequences of
dryout in loss-of-regulation accidents, the reactor could be operated
near dryout. The reduction in coolant temperature would no longer be
needed enabling the thermodynamic efficiency to be recovered or sven
improved.

In summary, the development of a higher power fuel bundle has commenced
and several viable options have been identified for removal of the extra
thermal power from an uprated fuel channel.



EXPERIMENTAL INVESTIGATION OF CORE FLOW JET

CONFINEMENT IN A MAPLE-TYPE FLOW TEST FACILITY

P.T. Wan, S.Y. Shim and V.S. Krishnan
Atonic Energy of Canada Limited

Whiteshell Nuclear Research Establishment
Pinawa, Manitoba ROE 1L0

SUMMARY

The purpose of the present work was to investigate experimentally
the effectiveness of countenaoseatun and suction flows in suppressing the
core flow jet in a scaled MAPLE flow test facility.

MAPLE is a multipurpose research reactor developed by Atomic
Energy of Canada Limited. It is an upward-flowing, light-water-cooled
reactor with an open-chioney-in-pool arrangement. Figure 1 shows a
schematic flow diagram of the MAPLE heat transport system. Eeatsd water
from the core flows into the chimney and is then drawn into heat exchangers
by pumps. The flow from the heat exchangers is split into two components -
a main flow to the core inlet plenum, and a bypass flow to the top of the
chianey, which flows downward through it combining with the sain cora flow.
The purpose of the bypass flow is to ensure that the core flow does not
reach the chimney top. This- is required to prevent short-lived radio-
nuciides leaving the core from reaching the pool surface and escaping into
the environment. No experimental information was found is the open
literature regarding the behaviour of fluid jets in such a suction and
countermoaentum environment. Numerical simulations of the hydrodynamics
previously conducted have shown that the bypass flow is effective in confin-
ing the core flow jet within the chimney [1]. The present experimental
investigation was launched to confirm the numerical predictions and to
better understand jet behaviour under suction and countermomentum.

Figure 2 shows a schematic diagram of the experimental facility.
It is a one-fifth scale hydraulic model of a typical MAPLE research reactor.
The main components are a pool tank, chimney modules, inlet and outlet
modules, a core plate, a recirculating pump, flow and temperature measuring
devices, and dye injection systems. The core and chimney assembly consisted
of five stacked hexagonal modules. The inner three modules and two large
windows on the pool tank were made of transparent acrylic to permit visuali-
zation of flow in the chimney and the pool. Bulk and local dye injections
provided information on overall and local flow patterns in the chimney.
Experiments were conducted for various chimney configurations, namely,
chimney height, outlet module location, and angle of suction pipe on the
outlet module. Core and bypass flows up to 25 L/s and 10 L/s, respectively,
were investigated.



The experiments show that jet: confinement within the chimney is
primarily dependent on the bypass flow and the location of the chimney
suction outlet aodule. As the core flow is increased, the bypass-to-cora
flow ratio required for jet suppression is approximately constant for jet.
?or a fixed height of chimney, a lower location of the outlet socula
requires less bypass flow for jet confinement. These observations are
qualitatively consistent with analytical predictions.

The paper will describe in detail the experiments and the results
obtained. Comparisons with numerical simulations will also be presented.

The present work has established experimentally the ii-iPLE open-
chimney-in-pool concept and provided data for model verification.

HZFEXEJTC*

[1] S.Y. Shim and D.K. Baxter, "Numerical Simulation of a Confined
Jet Under Suction and Counteraomentum for the Canadian MAPLZ
Research Reactor", Froc. 7th Annuai Conference of Canadian Nuclear
Society, Toronto, 1986 June.
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REGIME-4 CODE FOR PREDICTION OF FLOW REGIME TRANSITION
IN A HORIZONTAL PIPE, ANNULUS AMD BUNDLE FLOW UNDER GAS-LIQUID

TWO-PHASE FLOW

S . I . Osamusali and Jen-Shih Chang
Dept. of Engineering P h y s i c s , McMaster U n i v e r s i t y

Hamilton, O n t a r i o , Canada L8S UM1

The ability to predict the transition locations between the
various flow patterns occuring in a two phase flow system is
important for the determination of the heat and mass transfer
rates , as well as the flow pressure drop of the system. In
nuclear power plants, this information is also useful for model-
ling postulated Loss of Coolant Accidents (LOCA). For the cocur-
rent pipe flow, extensive researches have been conducted and
there now exist some acceptable mechanistic models capable of
predicting the approximate locations of these t ransi t ion boun-
daries. However, i t has not been well established whether these
pipe flow model can be applicable to the annulus and the rod
bundle geometries. Earlier investigations on the rod bundle
geometry include Bergles and Roos , Williams and Peterson2, Aly3
Nicholson et al , Krishnan and Kowalski3 and Venkateswararao .
These were mostly experimental, using pj-obe methods for flaw
regime characterization. Venkateswararao , and Minato et al *,
however, studied the case for a vertical 24-rod and horizontal
37-rod bundle geometries theoretically, respectively. In this
study, we developed the REGIME-4 code for prediction of flow
regime transition in a horizontal pipe, annulus and bundle flow
under cocurrent gas-liquid two-phase flow, and an experimental
confirmation has been conducted for various rod sizes.

In this model the mechanistic approach of Taitel and Duklsr°
are modified to account for the effect of surface tension force
in the Helmholtz instability model for the stratified to inter-
mittent transition criteria. This is then extended to modelling
horizontal rod bundle geometries where the geometrical effect of
each individual rod present is well accounted. Experimental
studies have also been conducted for an air-water two phase flow
system at room temperature and at atmospheric pressure. The
observed flow patterns have been characterized using the flow-
pattern - independent ring type capacitance transducer and ultra-
sonic methods ?»'", and also by visual observations.

The results for a 5.03 cm I.D. pipe presented in figure 1
shows that the case where surface tension effects are accounted
for in the stratified/intermittent transition c r i t e r i a , agrees
better with the experimental data than the case shown in dashed
lines where the effect of surface tension was neglected for this
pipe size. Experimental results for concentric annular geometry
with a diameter rat io of 0.5 is compared with the theoretical
results of the rod bundle geometry case, where a single rod is
placed at the central axis of the enclosing tubeshell, in figure
2. The effects of the diameter ratio on the annulus flow is
shown in Figure 3, and the results show that the rod present in
the annulus geometry significantly affects the transition loca-



tion of the Stratified/Intsrmittent flow patterns. It also shows
that the Stratified to Intermittent transition occurs a; much
lower superficial liquid velocities than the pipe case, for low
superficial gas velocities. Other transition locations shown are
not too significantly affected by the presence of the roc for
this case studied. Detail results for the 28- and 37- rod bundle
cases will be discussed in the full text along with the experi-
mental confirmations.
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Subchannel Analysis of CANDU 37-Element Fuel Bundles

A.M.M. Aly, K. Amrud
Atomic Energy Control Board

P.O. Box 1046
Ottawa, Canada KIP 5S9

Summary

Introduction

Bundle average, one dimensional thermalhydraulic codes have been traditionally
used to predict the Critical Channel P_ower (CCP) for CANDU fuel channels.
These codes predict the flow-power characteristics of a typical fuel channel
and apply a bundle average Critical Heat Flux (CHF) correlation to predict the
onset of fuel sheath dryout power and the axial location of dryout. Although
this approach may be adequate for a nominal channel geometry, it cannot
address abnormal geometrical conditions (e.g. bundle deformation/blockage,
pressure tube diametral creep, etc.). Moreover, bundle average CHF
correlations can only be applied to similar geometries to those from which the
correlations were experimentally derived. This implies that new designs
cannot be tested analytically. In the absence of adequate subchannel analysis
codes, none of the above could be addressed without expensive experimental
programs. The subchannel analysis code COBRA-IV has been used to predict
CANDU fuel channel behaviour under normal and abnormal pressure tube
geometrical conditions. An advanced subchannel analysis code (ASSERT) has
been developed recently at Chalk River Nuclear Laboratories (CRNL) which is
capable of.predicting horizontal two-phase flow behaviour. Unlike COBRA-IV,
the ASSERT code models both gravity separation and preferential void
diffusion resulting from the unequal subchannel gemoetries of a CANDU fuel
bundle.

Main Objectives

The purpose of this study is 1) to compare ASSERT and COBRA-IV predictions
under anticipated different system conditions, 2) to assess the various
capabilities of ASSERT and highlight areas where further validation or
development may be needed, and 3) to compare the predicted effects of Pressure
tube diametral creep on CCP by ASSERT earlier predictions made using
COBRA-IV.

Approach

A systematic investigation has been conducted, progressing from single-phase
flow to near dryout conditions. Detailed study of the gradual variation of



the basic parameters affecting CHF predictions in both codes was done for all
the cases considered. The 37-element fuel bundle geometry (Figure 1) was
adopted, since limited experimental data on subchannel velocity variation is
available for comparison with the code predictions.

Selected Results

Figure 2 shows ASSERT and COBRA-IV predictions of single-phase velocity
variation in a vertical plane as compared to experimental data. It is clear
that predictions by both codes are similar due to the absence of two-phase
flow effects which distinguishes ASSERT from COBRA-IV. The difference between
these predictions and the data was anticipated, since the data is for
subchannel maximum velocities while both codes predict subchannel average
velocities.

Figure 3 shows the normalized circumferential quality variation predicted by
ASSERT for different channel two-phase flow conditions. This figure indicates
that the difference in the predicted quality distribution is a result of the
void drift/diffusion modelling of ASSERT which predicts substantial void
migration to- top subchannels as the quality increases. The detailed paper
will show that more development and validation work is needed for ASSERT's
modelling of these phenomena.

The present analysis showed that the current modelling of ASSERT does not
yield anticipated CCF variation trends with pressure tube diametral creep.
The authors believe that optimizing the void drift/diffusion models would
resolve this problem.

Conclusions

The main conclusions of this investigation are:

1. The ASSERT code has all the ingredients required to accurately predict
the flow and enthalpy imbalance for complex rod bundles. COBRA-IV may
only be used at high flow rates in horizontal channels due to the lack of
appropriate two-phase modelling.

2. More refinement is needed in ASSERT modelling of void drift/diffusion.
The authors believe that the current modelling over-estimates void
migration to upper/larger subchannels.

3. Validation is needed at high flow-high void fraction conditions where
ASSERT and COBRA-IV predict different trends. The truth is believed to
be somewhere in between.
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CHAN III, A NEW CODE FOR THE PREDICTION OF THE THERMAL BEHAVICtTS. A
OF A CANDU-PHW REACTOR DURING LOS5-OF-C0OLANT ACCIDENTS WITH IMPAIRED
EMERGENCY COOLING, AND EXPERIMENTAL COMPARISON" OF THE PREDICTION'S

M. Rizk, G.A. MacLean, K.W. Deaoline, D.G. Li Eke, R.J. '.lorek.

Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment

Pinawa, Manitoba ROE 1L0

Susaaarv

A unique feature of the CANDU-PHW reactors is the array of fuel
channels submerged in a low-tamperature pool of heavy water moderator. As
with other reactors, an Emergency Coolant Injection (ECI) system would act
to prevent fuel damage in postulated loss-of-coolant accidents (LOCA).
However, should the ECI systea fail and the coolant be all steam, a signi-
ficant amount of heat would be transferred to the heavy water moderator
surrounding each channel, and thus limit the maximum temperatures in the
fuel channels•

The CHAN computer codes are fast running, scoping computer models
that have been developed to analyze the thermal response of a CANDU fuel
channel in this situation* The CHAN codes are based on a approach which
replaced the complex fuel channel geometry by an equivalent cylindrical
geometry (see Figure 1) to formulate some of the phenomena, thus, the
conduction and flow models in the CHAN codes are based on the equivalent
multi-annular geometry. However, the view factors evaluation is based on
the multi-rod geometry. The view factor matrix is used to evaluate
radiation exchange between solid surfaces.

A previous computer model CHAN 11^," based on this representation
of the fuel bundle geometry, is used in licensing calculations of CANBU-PHW
reactors. In CHAN II, the fuel elements lying on the same pitch circle
radius (fuel and sheath together) are represented by a fuel ring subdivided
into two annular masses. The Inlet flows to the bundle flow subchannel
rings are assumed to be proportional to the flow subchannel areas• The fuel
channel is subdivided into a number of axial sections equal to the number of
fuel bundles. A "lumped parameter" model is used to formulate the problem
mathematically and the code "FORSIM"3 is used to solve the set of ordinary
differential equations governing Che temperature distribution.

The new code CHAN III14 is based on a further development of the
above approach. In this code, the fuel elements lying on the same pitch
circle diameter are represented by a ring subdivided into a number of
annuli: a uranium dioxide annulus, two Zircaloy annuli and two zirc-oxide
annuli (Figure 2). To formulate the conduction problem, differential heat
balances are set up in each annulus.



The inlet flows to the bundle flow subchannel rings are esta-
blished by requiring that the pressure drops along the bundle flow
subchannel be equal. N'o lateral mixing of the flows is assused to taka
place within a bundle and complete nixing of the flows is assumed to taka
place at the bundle ends.

The set of aon-liaear, partial and ordinary differential equations
governing the temperature, flow and species distribution in a fuel channel
are solved numerically using the "Control volume" technique- developed by
Patankhar. The Control volune technique uses an iaplicit scheae with
respect to time and conserves energy exactly. This makes CHAN* III very
efficient computationally.

This paper also presents comparisons of CHAN III predictions with
the results of four experiments- The experiments are part of a series of
out of pile, small scale verification experiments that are being performed
under CAIIDEV. In the first two experiaents, the apparatus consists of a
single Pickering-type fuel rod simulator heated to temperatures of ~ 1800°C,
in a pressure tube, separated by a gas gap from a calandria tube. The
geometry is annular. The agreement between the experimental data and the
theoretical predictions is good. In the last two experiments, the apparatus
consists of seven Pickering-type fuel rod simulators (a center pin
surrounded by six fuel pins lying on the same pitch circle diameter). The
geometry is representative of a multi-rod geometry. Assuming no mixing of
the flows in the flow subchannel rings, the agreement between the
experimental data and the theoretical predictions is reasonable.

In summary, a preliminary assessment of the code predictions
against experiaental results indicate that the code predictions ara
reasonably good.
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THE DARLINGTON PROBABILISTIC SAFETY EVALUATION

- A CANDU RISK ASSESSMENT

F.K. King, V.M. Raina, K.S. Dinnie
Ontario Hydro

SUMMARY

This extended paper presents the methods, results and conclusions related
to the Darlington Probabilistic Safety Evaluation (DPSE). The primary
purpose of the study was to obtain a thorough design verification of the
Darlington N.G.S. design, a 4x880MWe CANDU station located on Lake
Ontario, 50 kilometers from Toronto. As such, it represents the first
detailed study of a multi-unit CANDU station using up-to-date probabilistic
risk assessment methods.

This paper will provide a broad overview of the DPSE methodology,
highlighting the areas where new methods have been developed and applied.
Results will be presented and interpreted within the limitations of the
study. Important conclusions with respect to application, conduct and
management of a large risk assessment study will be addressed. Ontario
Hydro's future intentions with respect to the application of risk
assessment methods to Darlington and other nuclear stations will be
discussed.

The form of the extended paper is a series of presentations given by
members of the DPSE team responsible for the conduct of the study. The
scope of these presentations is outlined below.

PART 1: INTRODUCTION AND STUDY OVERVIEW (F.K. KING)

The presentation will outline the objectives, scope and limitations of
the DPSE. An overview of the risk assessment process as applied in the
study will be given and special features of the DPSE will be indicated.

PART 2: PLANT SYSTEM MODELLING (V.M. RAINA)

Under the umbrella of event tree/fault tree methods, a variety of
approaches are possible. This presentation will described the philosophy
behind the sequence and system modelling used in the DPSE. The
procedures used to identify initiating events, develop event trees and
construct system fault trees will be described. Specifically discussed
will be the methods adopted to incorporate system interactions and
dependencies, to include the impact of the various initiating events in
the fault tree models and to assess the impact of failures of the many
computer-based systems used in the plant design. Methods used to solve
and quantify the fault trees and identify potential design deficiencies
will also be covered.
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PART 3: HUMAN RELIABILITY MODELLING (K.S. DINNIB)

One of the most important features of any thorough risk assessment model
is to adequately account for the potential contribution of human error.
This process involves both the identification of the opportunity for
error as well as the quantification of probability of occurrence.

The DPSE used a human interaction taxonomy to indicate the types of
interactions to be included and provide standardized descriptions.
A two-stage process was used in quantification. Each interaction was
assigned a preliminary screening value. Those interactions subsequently
identified as being of potential significance to risk were re-evaluated
to obtain a more realistic value.

Screening values were assigned using specially-prepared data tables
related to the taxonomy. The quantification of significant interactions
was obtained by more situation-specific modelling and by the
incorporation of expert judgment in a structured manner.

The presentation will outline these procedures and describe experience
encountered in their application.

PART 4: FAULT TREE INTEGRATION (V.M. RAINA)

The system fault tree models are linked to accident sequence consequences
by means of consequence categories. Each consequence category represents
a single measure of consequence to which one or many accident sequences
may contribute. The integration process involves generating fault tree
logic for each consequence category in terms of previously-analyzed
system failure modes and solving this logic to obtain minimal cutsets.

The presentation will describe the development of efficient computational
techniques to link the various fault trees. Among these are; the
reduction of fault tree size by modularization, the limiting of the number
of minimal cutsets at the system level, the automatic checking of system
fault trees to identify replicated events and the collapsing of minimal
cutsets containing non-replicated events.

Examples will be presented of how the model development and integration
led to the identification of a number of subtle dependencies and
suggested measures to reduce their impact.
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PART 5: ACCIDENT CONSEQUENCE MODELLING AND RISK ESTIMATION (K.S. DIKNIE)

By categorizing accident consequences initially in terms of magnitude of
fuel damage and, after taking account of containment performance, in
terms of magnitude of radioactivity release from containment, a basis for
estimating public health consequences can be established. The
presentation will describe the structure of the DPSE fuel damage
categories, the containment event tree, containment modelling leading to
the definition of the ex-plant release categories and the evaluation of
public health risk.

Most accident sequences which result in fuel damage have a negligible
impact on public health. Any sequence resulting in fuel damage has the
potential to cause severe economic penalty through equipment damage,
cleanup costs and the need to obtain replacement power while the station
or unit is out of service. A station recovery network diagram was
developed to identify the major tasks needed to recover the station to
full operation following an accident. The tasks were quantified in terms
of cost and duration for each fuel damage category and, when combined
with replacement power costs for the critical path, economic consequence
estimates obtained. The presentation will describe this approach and the
results obtained.

PART 6: RESULTS AND COMMENTARY (F.K. KING)

The study results will be summarized in the following form:

(a) An indication of which are the dominant accident sequences for the
various levels of fuel damage considered and the predicted
frequencies of these fuel damage categories.

(b) An indication of which are the dominant sequences for the various
ex-plant release categories and the predicted frequencies of these
categories.

(c) An indication of the calculated public health risk.

(d) An indication of which accident sequences dominate the economic
risk.

(e) A review of the impact of the study on the design of the station.
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Based on the experience and insights gained through the conduct of the
Darlington Probabilistic Safety Evaluation, the overall risk assessment
process itself will be reviewed, highlighting areas where probabilistic
safety assessments can make significant contributions to reactor risk
management and also areas where further development is required. Ontario
Hydro's future plans for the application of probabilistic risk assessment
methods to Darlington and other nuclear stations will be outlined.

i
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ABSTRACT

This paper will present information pertaining to the
experience of a Canadian utility in the use of Probabilistic
Safety Assessment (PSA) for the first "in-service" CA.VDU 600.
The paper will assess the usefulness of PSAs during the various
stages of project development - design, construction, licensing,
commissioning, operation, and will provide examples of:

i) changes in plant design to reduce the frequency of process
system failures;

ii) changes in plant equipment to improve the potential for
mitigating the consequences of abnormal events;

iii) the development of procedures which recognize the discrete
system response to abnormal events;

iv) the use of generic failure data and the development of
specific plant reliability data;

v) the implications on daily operation of the plant where
routine testing is necessary to demonstrate the claimed
availability of the special safety and safety related
systems.

PSA studies conducted for the Point Lepreau Generating
Station (PLGS) examined the plant response to specific emergency
events. The methodology gave appropriate credit for normal
process system actions* In so doing the actual plant response to
an emergency was more closely represented than in other
deterministic safety assessments of design basis events. This
had significant importance in setting out procedures for abnormal
events and in providing training material for operations
personnel. Also useful information was provided in regard to the
potential contribution of process systems in mitigating the
consequences of accident scenarios.

The PSA studies were performed as part of the safety design
audit process and emphasized strengths and weaknesses in system
design. This permitted an examination of the influence of design
changes on the predicted frequency of occurrence of certain
initiating events. In some cases simple modifications were
possible, in the normal configuration of equipment, which would
reduce the potential for certain failure combinations. Xn other
cases additional standby equipment was necessary to improve the
overall availability of safety related systems. These measures
improved the plant response to emergency conditions and also
improved the potential for increased performance reliability
during less extreme transients.
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In addition to providing useful information on the
respective roles of process, safety related and special safety
systems, the PSA studies provided valuable insight into the
relative dependence on correct operator action. In certain cases
the plant response to emergency conditions was essentially
independent of any operator action. In other more slowly
developing scenarios, the tiaely response of the operator was
shown to produce conditions which not only ensured the safety of
the plant but, in addition, avoided unnecessary economic risk.
As a result, punitive automatic provisions could be re-assessed
with regard to real benefit and where appropriate they could be
removed.

A major factor in determining the potential for correct
operator action was the assessment of available diagostic
information. Indications of plant status were required to be
clear and distinct. Modification to control panel layout or the
provision of additional annunciation was necessary in some cases.

The particular approach taken in the production of the early
PSA studies for PLGS adopted fault tree methodology to identify
the frequency of occurrence of certain extreme case top events.
These top events were the statistical combination of similar
resulting conditions. In some cases the combinations produced
urealistic event chains which had the potential for adversely
affecting decision making. The impact of this will be discussed
in the paper. An alternate approach was adopted for some later
edition of PSA studies. This approach more carefully grouped the
failure combinations and produced event sequences which were more
realistic. Consequently the requisite information for decision
making was made more readily discernible.

The PSA Program is an essential part of the current
licensing requirements in Canada. The ground rules for
performing PSA studies and the methodology have evolved
considerably over the last decade to the point where it is
possible to commit this program as part of early design phase.
This ensures that necessary design and a procedural framework can
be optimized and required changes incorporated without
significant impact on cost and schedule to enhance safety and
reliability of the plant. This paper will address salient
benefits of the PSA program in meeting this objective.
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THE SLAR SYSTEM - AN OVERVIEW

D.J. Benton

Project Engineer
SLAR Tooling Project:
Atomic Energy of Canada Limited
CANDU Operations
Sheridan Park
Mississauga, Ontario
L5K 1B2

The Sjpacer Location And Repositioning (SLAR) Project was
initiated in May 1984 as a jointly funded endeavour of the
CANDU Owners Group (COG). This was a consequence of the
failure of a Zircaloy-2 pressure tube in Pickering Unit 2 in
August 1983. Following the failure of that Zircaloy-2
pressure tube it was discovered that the fuel channel spacers
intended to prevent contact between the hot pressure tube and
cold calandria tube had not been in their correct positions.
As a result, the pressure tube had sagged into contact with
the calandria tube, creating a cold spot toward which
hydrogen had migrated, eventually creating hydride blisters.
The embrittlement and cracks caused by the hydrides
ultimately resulted in the rupture of the pressure tube.
Shortly after, Ontario Hydro decided to replace the
Zircaloy-2 pressure tubes in both Pickering Units 1 and 2.

All later CANDU stations, in Canada and elsewhere, utilize
Zirconium-2 1/2% Niobium as the pressure tube material. It
is known to have a much lower corrosion rate than
Zircaloy-2, In any case, when it was discovered that
reactors still under construction had misplaced spacers,
Ontario Hydro decided to reposition them before starting up
the reactors.

It was subsequently decided jointly by the COG members that
it would be prudent to develop the capability to reposition
spacers in reactors which had already operated, in the event
that on-going channel R&D programs showed it to be necessary.

The purpose of the SLAR project is to provide that tooling.

The SLAR Project is managed by Ian Lauchlan of Ontario Hydro,
on behalf of COG. A project team, located at Ontario Hydro

, head office, was formed with representation from Hydro
j Quebec, New Brunswick Power, Ontario Hydro and Atomic Energy
j of Canada Limited. This team directs the design and
; development work which has been carried out at a wide variety

of locations, including:
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Chalk River Nuclear Laboratories
Ontario Hydro Research
Ontario Hydro Design & Development
Canadian General Electric and
AECL CANDU Operations

The tooling system that has been developed is suitable for
use on reactors which have operated up to 14 years. It
incorporates inspection capability to determine spacer
position and other information about the fuel channel, and
devices to reposition the spacers. The unique SLAR tool
which performs the inspection and repositioning actions is
inserted into the fuel channels by a modified fuelling
machine. A combination of existing and new computer hardware
and software enable the process to be highly automated for
fast, remote-controlled operation.

The SLAR operation will be carried out on one fuel channel at
a time following installation of the system at the plant. A
typical SLAR cycle on a channel consists of temporary
defuelling into a receiving fuelling machine, inspection,
repositioning, and refuelling. The SLAR target is an average
of 4 hours per fuel channel.

The papers presented during this session describe some of the
challenges and unique solutions have been developed during
the course of the project.
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S U M M A R Y

Central to the philosophy behind an automated Spacer Locating and
Repositioning system (SLAR), is the necessity for not only automated
inspection capabilities, but also for automated data analysis. This
paper reports on the SLAR inspection system for the determination of the
spacer positions and orientation, and the determination of the gap
between the pressure tube and calandria tube, with emphasis on the
automated analysis of inspection data.

Developed at the Chalk River Nuclear Laboratories (CRNL), the Inspection
System has two main components, the NDT instrumentation and the
Inspection Analysis Computer, known within SLAR as Inspection Computer
#1. The overall goal of the Inspection System is to provide automated
data acquisition and analysis in three key areas: the automated analysis
of eddy current data for the determination of spacer positions; the
automated analysis of eddy current data to determine the direction of
spacer tilt and skew; and the absolute measurement of the gap between
the pressure tube and calandria tube using eddy current technology and
compensated for the pressure tube wall thickness using ultrasonic wall
thickness measurements. Results of the analysis are communicated from
the Inspection Computer to the SLAR Supervisory Control and Data
Acquisition Computer.

Eddy Current (ET) sensor input to the Inspection Computer comes from
several send/receive eddy current probes mounted on the SLAR tooling
head. Although a total of seven probes are available on the tool, only
two eddy current instruments are required, driving three different
configurations through a switching system. At any given moment the
instruments, and hence the computer, monitor one of the following three
configurations: Ram Locate/Gap; Free Locate/Gap; Tilt. Ram Locate/Gap
implies the simultaneous monitoring of spacer location, and pressure-co-
calandria tube gap (at two circumferential points) using probes located
on the end of the tool connected to the ram. Free Locate/Gap implies
the same except for using probes located at the opposite end of the
tool. Tilt is 'a special probe at the free-end of the tool and is always
. operated alone. To enable simultaneous location and gap measurement, a
master-slave arrangement of instruments is used, where one instrument
(master) provides the drive signal for both. Spacer Location and Tilt
require inspection at two distinct frequencies to eliminate constriction



- 2 -

signals arising from the fuel bundle interface locations. Gap uses only
one of the locate frequencies. Input to the computer for dual frequency
inspection has the higher frequency signals subtracted from the lower
frequency by means of a mixing module. Single frequency gap is fed
directly from the ET instrument to the computer.

Ultrasonic (UT) sensor input to the computer is used to compensate the
eddy current gap data for the wall thickness of the pressure tube. Four
UT sensors are used in conjunction with the four ET gap probes to
provide four compensated gap sensors. The sensors occupy 6 and 9
o'clock positions on both the ram and free tool ends. A multiplexing
pulser pre-amplifier and a single UT wall thickness instrument form the
UT instrumentation. The Inspection Computer controls the data multi-
plexing. The ultrasonic wall thickness measurement system was developed
at Ontario Hydro Research.

The Inspection Computer provides control of the Instrumentation and
sensor selection. Data collection by the Inspection Computer is based
on sensor position information for all inspection activities except for
gap monitoring. Position information is received from the Position
Reference Computer at a resolution of 1 mm of axial motion and 1 degree
of rotational motion. During axial and circumferential scans, data is
collected and stored in virtual memory arrays, providing a map of data
versus probe position in the pressure tube that is used for the
automated analysis and graphics.

The basis of the on-line spacer locating procedure is a cross
correlation between a moving window of data and a spacer reference
signature. The geometry of the "locate" eddy current coil results in a
spacer signal over approximately 100 mm of probe travel. Thus the data
window and reference signature data size are 100 points each. The
resulting cross-correlation yields a single coefficient (R), which is
assigned to the centre position of the window. Since the correlation
analysis is dependent only on signal shape, low amplitude noise of the
same characteristic shape as a spacer may result in high correlation
coefficients. To discriminate against noise, a power ratio PWR (ratio
of signal power to reference signature power) is used to produce a
confidence value C, where Of(R,PWR). As the ET data is collected, the
signal analysis window is shifted, and R, PWR and C values are
calculated for each window in real-time. These values are stored in
memory over the entire scan range at 1 mm resolution. At the end of the
scan, the C values are then analysed to predict the spacer location.
Predictions are based on the four largest confidence value peaks that
exceed a minimum confidence level. If the expected number of spacers is
not found, the PWR values corresponding to the peaks are used to look
for bunched up spacers.

Whereas the "locate" coil is insensitive to the spacer orientation, the
"tilt" coil is not. The tilt coil, wound at an angle from the vertical,
will show a maximum signal when aligned with the spacer. This principle
allows spacer tilt and skew determination. Two mechanisms can be used
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for che tilt/skew analysis, one involving rotational head motion and the
second involving axial motion. In the rotational tilt scan, data is
collected and displayed and analysis occurs on completion of a 36C
degree scan. The analysis consists of locating a maximum signal peak,
where the position of the signal peak (in degrees of rotation) is the
indicator of the direction of tilt or skew. The absence of a peak
indicates a vertically aligned spacer. Problems arise vith this method
when the probe is not centered in the pressure tube. In these cases,
tilt and skew can be determined from a series of axial scans with a 90
degree probe rotation between scans. The spacer locate algorithm is
used on each scan, but using the "tilt" coil for data input. If probe
and spacer are aligned, then a spacer will be detected. A maximum of
four axial scans are required to determine both tilt and skew. The main
problem with this method is the overall time required to complete the
procedure and the number of tooling head movements that are necessary.

Compensated absolute gap profiles are calculated for both axial and
circumferential scans. During the scans, both the ET and UT data are
collected, gap values are calculated, and the data are stored in memory
and displayed. It is noted that in order to determine an absolute gap
value, a calibrated gap reference is required. Calibration is performed
during a circumferential gap scan where the average gap is 8.5 mm. Gap
profiling at both 6 and 9 o'clock tool positions can occur concurrently
with spacer locating scans. Gap monitoring (used to monitor the SLAR
bending operation) is similar, but data acquisition is based on time
(not position) since no probe motion occurs.

The system was tested on a single channel mockup at CRNL, and on a full
six channel mockup at SPEL. A trial at Pickering NGS was also
successfully completed. The spacer locating algorithm was also tested
using data collected at Bruce NGS Unit 2 and Point Lepreau NGS, where it
was in good agreement with operator analyses. Future work in improving
the algorithm would concentrate on better discrimination against ET
noise and in the analysis of bunched up spacers.



ULTRASONIC FAST-SCAN BLISTER DETECTION SYSTEM

M.D.C. Moles and D.w. Donnelly

NDE Unit, Ontario Hydro Research Division
800 Kipling Avenue, Toronto, Ontario
M8Z 5S4

Following the failure of Pickering 2 G16 pressure tube from
hydride blister-related cracking, inspections of a large
number of other pressure tubes have been performed using
pulse-echo ultrasonics and CIGAR(ette) delivery systems.
When the SLAR program was initiated, there was a request to
develop a blister detection system for SLARed tubes to
ascertain their structural integrity. The objective of the
SLAR fast-scan blister detection system was to detect cracked
hydride blisters during two axial passes of the SLAR head
(before and after spacer repositioning) at 55 mm/sec with no
extra in-reactor time. The system was to cover an arc of 60
degrees at the bottom of the tube. Decisions on pressure
tube integrity (i.e. is the tube blistered or not?) were to
be made remotely by computer. The final system developed
consists of a series of six ultrasonic probe segments, two
remote.pulser preamplifiers, a ten-channel ultrasonic flaw
detector, and a DEC PDP 11/73 mini-computer.

The probes are curved, line-focussed segments, each covering
an arc of approximately 22 degrees for overlap. The six
segments are arranged in three sets of opposing pairs for:
1) redundancy in case one segment fails, 2) to improve
probability of detection due to the random nature of hydride
blisters, and 3) for defect characterization. The segment
length was a compromise between adequate sensitivity and the
number of wires available with the SLAR head. Limited tests
in the laboratory on manufactured hydride blisters showed
that a blister of 2-3 mm diameter could be detected about
half the time, with detectabilty increasing with size.
Currently more extensive tests are being performed on
amplitudes with blister crack depth. Though far from
complete, these tests indicate that blister detectability is,
if anything, better on the small Zr-Nb blisters currently
expected in service.

Calibration is performed in-reactor by reading signal
amplitudes from three standard reference notches in the
calibration tube. Then further gain is added for scanning,
and the accept/reject threshold set at 50% full screen
height. Laboratory experiments showed that about 20 dB extra
gain gave optimal results, which correlates with CIGARette
experience. However, initial in-reactor tests on Pickering 4
K10 gave poor results, partially because the pulser
preamplifiers were incorrectly set.
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The original specifications also asked for the capability of
characterizing reflectors. On CIGAR, characterization is
performed by a combination of pulse-echo and pitch-catch
(shadowing) in axial and circumferential directions.
However, tests with the SLAR probe segments showed that they
were insensitive to shadowing effects, and were strongly
affected by waterpath fluctuations and other inherent
delivery system variations. Nevertheless, characterization
capability has been left in on the blister detection system
for the possibility that it may be useful in service or-be
improved later.

The collection, processing, and presentation of ultrasonic
data in the SLAR system is performed completely under
computer control. This allows data to be collected while the
inspection head is travelling through the pressure tube at a
velocity that would prohibit an operator from visually
assessing the data. Taking commands from the SLAR
Supervisory Computer, the Blister Detection Computer
calibrates the ultrasonic flaw detector, collects and
archives raw data, and analyzes the data to identify possible
blister locations. The ultrasonic data is displayed
graphically as a set of six pulse-echo, and three pitch-catch
amplitude versus position plots. Possible blister locations
are reported back to the Supervisory Computer.

Archived ultrasonic data is currently stored on floppy
diskette but may alternatively be stored on any magnetic or
optical media. This data may be easily recalled and
reprocessed while allowing the operator to alter parameters
such as the accept/reject threshold. The operator may also
regenerate the original graphics display or may request
magnified displays of selected portions of the ultrasonic
data.



THE AC DEVICE FOR REPOSITIONING OF GARTER SPRINGS
IN CANDU REACTORS

Matija Cenanovic
and

Hugo Maureira

Ontario Hydro Research Division

SUMMARY

Proper spacing between the pressure tube and the surrounding calandria tube of the fuel channels
in CANDU reactors is maintained by spacers (garter springs). It was established that a great
number of garter springs are no longer in correct positions in Ontario Hydro's operating reactors.
Analysis has confirmed that the displaced springs can lead to contact between the pressure tube
and calandria tube and eventual pressure tube failure, such as the one which occurred on August
1st, 1983 in channel P2G16 of Pickering "A" Nuclear Generating Station. To prevent this, a novel
AC Device was developed at Ontario Hydro Research Division to reposition the garter springs
without any harmful effects on the fuel channel integrity. This device is the key component of the
SLAR (Spacer Location and Repositioning) system.

This paper describes the various phases of development of this device. They are described in some
detail, starting with the recognition of the technical problem, invention/1/ of the AC Device and
proof of principle of operation, theoretical analysis and engineering development, integration into
the SLAR system, field trial of the preproduction tooling and finally, manufacturing of devices for
field implementation of the SLAR program.

In brief, the principle feature of the AC Device is an efficient conversion of magnetic energy into
the continuous mechanical movement of a gaiter spring, through the conductive wall of the
pressure tube, without any adverse effects on the fuel channel integrity. Two fundamental and
conflicting difficulties were overcome simultaneously to achieve significant electromagnetic
interaction with the garter springs namely:

a) Electromagnetic shielding by the pressusre tube (P/T)
b) Unfavourable material properties of the G/S

The governing principle of the AC Device is that of creating a travelling magnetic field in a
fashion similar to that in a Linear Induction Motor (LIM). The use of low (line) frequency makes
the shielding effect of the P/T negligible (or transparent to the field), yet the proper phase shifts are
created between the steady AC currents flowing in the arrangement of windings placed over the
special ferromagnetic core to create the "stationary" member of a linear motor while the poorly
conductive G/S represents the "travelling" part. Various prototypes were developed on this
principle. A typical AC device is shown in Figure 1. It is powered from a standard low power ac
source at operating levels of about 100 A per phase at 400 V.

A set of two such AC devices has been incorporated in the preproduction automated tooling
system designed to relocate garter springs in CANDU reactors. Both AC devices were
successfully exercised in a field trial performed in the wet channel K10 at Pickering "A" Nuclear
Generating Station, Unit 4. The AC Device or LIM was proven to be safe and easy to operate in
the hostile environment and is currently being manufactured by Ontario Hydro Research Division
for field implementation of the SLAR program.
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OPTIMIZATION OF SLAB TOOL BEARINGS

H. Wong, ?. Ens.
Atomic Energy of Canada Limited

Candu Operations
Sheridan Park

Mississauga, Ontario, L5K 132

SUMMARY

A tool was developed for the SLAR project which has the
capability to assess the situation in each channel and, if
required, to reposition the spacers to a preferred position.
Because spacers cannot be easily moved unless they are free of
any loading, the SLAR tool was designed to bend the pressure tube
upwards to unload the spacers.

Figure 1 shows a sketch of the SLAR bending tool which has the
following features:

- three jacks/saddles with a centre to centre spacing of 17.8
cm. (7");
two reaction bearings; and
length of 1.067 m (42") from centre to centre of the reaction
bearings.

The SLAR bending tool is used inside the pressure tube and
applies a five point bending load to deflect the pressure tube
and thereby unpinch the spacer. With the application of the
pressure tube load through the three jacks and the reaction force
at the end bearings, local stresses are created in the pressure
tube at these locations.

A development program was undertaken to select a suitable
material for the bearings which would take into account the
radiation environment, wear characteristics, water environment,
etc.

Finite element analyses of the pressure tube and laboratory
testing of the bending tool on strain gauged pressure tubes were
completed to determine the pressure tube stresses. Various other
bearing configurations were then evaluated to determine the
relationship between the pressure tube stresses and the geometry
of the bearing thereby resulting in a design that minimizes the
pressure tube stresses.

The final bearing design is illustrated in Figure 2 and has a
crown radius of 203 cm. (80") the centre of which is located 1.27
cm. (0.5") from the outboard edge. The maximum hoop and axial
stresses in the pressure tube at the bearing location were
determined to be 422 MPa (61 ksi) and 347 MPa (50 ksi)
respectively.



E/SPACER
LOCATION COIL

\

l\

ULTRASONIC/EDOY CURRENT
GAP MEASUREMENT COILS

DELIVERY MACHINE
HYDRAULIC RAM

E/C SPACER LOCATION
\ • & TILT COIL

LOCATION OF \ \

MOO Ml j

FLEXIBLE
COUPLINGS

FLEXIBLE
COUPLINGELECTRO MAGM5TIC

SPACER
HEPOSITIOMEP

(L.1M) ULTRASONIC
6LI5TER DETECTlOM

SLAR "UMBILICAL

FIGURE 1 SKETCH OF SLAR BENDING TOOL



f .000
3 5O--oio

• I2R TYF

06-Rx
•03 DEEP

0 5
7 ) BEAM BEAMING-2-REQQ

MAT'L.: FER08EST0S LA 7

FIGURE 2 ILLUSTRATION OF REACTION BEARING



DEVELOPMENT OF A TELESCOPIC RAM AND ITS CONTROL SYSTEM

D. Grossman, P. Eng.
J.L. Roberts, P. Eng.

Atomic Energy of Canada Limited
Candu Operations

Sheridan Park
Mississauga, Ontario

L5K 1B2

SUMMARY

This paper describes the development of a telescopic ram and its
control system for use in the SLAR Delivery Machine, which is a
modified fuelling machine. The ram requires sufficient stroke to
traverse the full length of the pressure tube. Its functions are
(1) to push against the fuel string, thus permitting a fuelling
machine which is attached to the other end of the channel, to
defuel the channel in a normal manner, and (2) to control the
position of the SLAR tool over the length of the channel.

The ram is required to negotiate a pressure tube of 10 cm
diameter for a total stroke of 8 m, with a maximum deviation from
straightness of 7 cm.

The ram is driven by primary system water, under pressure from
the normal fuelling machine supply pump. The long travel
distance and the short space available for the collapsed ram,
determined that 6 telescopic stages are required. The ram is
retracted and controlled by means of a tether cable.

The maximum speed and force limits of the ram -must suffice to
maintain contact between the SLAR tool and the fuel string during
de-fuelling operations without damaging the fuel.

A mockup of the three intermediate ram tubes was built and tested
in an open V-trough. The results were used to evaluate ram
force, seal leakage, and the balance between water pressure and
cable tension. The mockup was later expanded to six stages, and
the V-trough was bent to check operation in a deflected
condition. Development then proceeded to a prototype system
which also allowed the ram to rotate (roll).

To satisfy the control requirements of the ram, a new valve
station and hydraulic catenaries supply it with heavy water at
the appropriate pressures and flows. Since the effective cross-
sectional area of the ram decreases as it advances, the supply
pressure changes with ram position to maintain forces within
acceptable limits. A computer monitors the ram position and
adjusts the pressure controller setpoint accordingly. A back
pressure valve controls the flow of water out of the ram during
retraction.
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Ram speed control, retraction, and positioning are achieved with
a tether cable and d.c. servomotor system. A preformed aircraft
control cable, is attached to the front tube of the ram, passes
down the inside of the ram and is wound onto a drum containing
helical grooves. The drum is connected to the servomotor through
a gearbox and torque transducer which provides a measure of the
cable tension. Multiturn resolvers are used to determine the
length of cable paid out, and a stretch compensation algorithm
uses effective cable length and tension to calculate ram
position.

To aggravate the ram control problems, there is an umbilical
cable attached to the SLAR tool which passes down the inside of
the ram. It contains an hydraulic hosea and several power and
instrumentation cables and almost completely fills the front
tube. tfhe umbilical cable is wound onto a large drum inside the
water boundary and is then passed through a seal to slip-ring
assemblies and an hydraulic swivel joint.

To reach the drum, which is supported under the front of the D/M,
the cable passes over rollers in a "U-Bend" assembly at the back
of the ram. This O-bend can pivot about a point and is spring
loaded, so that monitoring the U-bend position with an L.V.D.T.
provides a measure of the tension on the umbilical cable. The
cable and drum are of such a mass, and the drum seal and other
frictions so high, that the cable has to be positively paid out
and wound up (rather than relying on a spring type wind-up
mechanism or on overhauling the drum drive with the ram) to avoid
overstressing it. A d.c. servomotor system provides the motive
power to the umbilical cable drum.

A remote control cabinet services the new valve station and
telescopic ram, via trunk cabling and catenaries. To avoid
expanding the I/O of the station computer and installing
associated trunk cabling, all interfacing between the new control
hardware and the computer is via a multiplexer and serial link.

To control ram speed and position, the station control computer
monitors ram position and manipulates direction and speed digital
outputs to achieve the appropriate ram response. These digital
outputs switch various velocity reference signals to the tether
drive servo-controller. However, since the tether cable is used
for position monitoring, it must never be permitted to go slack;
nor must the tension increase to the point where permanent
deformation or failure of the cable occurs. Therefore,
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additional electronic hardware monitors the tether drum torque
and manipulates the velocity reference signal to keep the torque
within predefined limits. Under normal conditions these limits
are reached when advancing to stall against fuel bundles and when
retracting to stall at the "home" position.

The umbilical cable drum drive must be controlled to keep the
cable tension reasonably low at all times without bunching up.
Furthermore, the tether cable, rather than the umbilical cable,
must be controlling the ram. The tether drive tachogenerator
feedback signal is attenuated and used as a velocity reference
signal for the umbilical drive servocontroller. However, such a
simple system cannot be expected to satisfy the above mentioned
requirements, especially when the ram is switching between
telescopic sections. The bi-directional error signal from the
tension sensing L.V.D.T. is amplified and "summed to the tether
tachogenerator signal to modify the umbilical cable drive
velocity reference signal. Fluctuations in tension effect the
velocity setpoint, causing the drive to change speed and/or
direction to maintain the appropriate cable tension.



An Adaptable Distributed
Computer Control System

R.J. Cairns, R.J. Hohendorf, J. Greenhalgh
- Ontario Hydro

Ths Spacer Location and Relocation (SLAR) system is a remotely
controlled nuclear reactor pressure tube maintenance tool in
which computers play a prominent part.

The selection of a distributed computer configuration in
response to the substantial constraints imposed on this system,
and the use of new software techniques have been key elements in
providing a successful nerve centre for a very complex
engineering job.

The SLAR Computer Configuration

The overall block diagram demonstrates how the distributed
computer system was able to overcome the constraints imposed on
the design.

The delivery drive mechanism (a much modified fuelling
machine) is used to position the SLAR device at the proper
location within the pressure tube. New software was written
to control the delivery drive mechanism using the fuel
handling computer (DCCY at Point Lepreau).

The delivery computers could not easily accommodate more
duties than control of the delivery drive mechanism. The
overall co-ordination of the SLAR process, including the
operator interface, is provided by the "supervisory
computer". A simple, limited DI/DO interface exists between
the delivery and supervisory computers. Once a reactor fuel
channel has been defuelled, the delivery machine is placed in
the SLAR SLAVE mode and takes instructions from the
supervisory computer. This arrangement has the major
advantage that only the "delivery" computer is unique to a
particular CANDU station. All the remaining computers are
common to every place where SLAR will be used.

An Inspection Computer processes and analyses signals from
eddy current instrumentation to determine spacer position,
tilt and also the gap between pressure tubes and calandria
tubes. A second Inspection Computer processes signals from
ultrasonic instrumentation to detect cracked blisters.
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To enable the supervisory computer to communicate witn the
two inspection computers, the BI SYNC communication protocol
was implemented. With the interface between the computers
well-defined, it became a routine matter to integrate the
three computers produced by three different groups into a
single system.

To sample position frequently (every 8 m sec) and provide a
consistent value of this important parameter to each of the
three SLAR computers, a fourth computer (position reference)
was required.

In summary, the SLAR computer configuration provides the key
characteristics needed to make SLAR feasible:

- decoupled modular functions which can be developed and tested
n9 the standalone

consistency in the measurements used in more than one place

ease of maintenance, since the four SLAR computers are of the
same hardware and software family

- a hierarchical organization, with a single point source of
control and a single location for operator interaction

- a simple, limited interface to the portions of SLAR which are
unique to each CANDU installation

SLAR Software Techniques

It was recognized at the start of the SLAR project that the
design is complex and that development and production
engineering had to be carried out virtually simultaneously.
This leads to the requirement that computer software changes be
accomplished quickly without the need for extensive retesting.
Most process computer control systems are incapable of meeting
these goals.

Therefore, for the SLAR supervisory computer, a fundamentally
different, ordered, table-driven, hierarchical software
structure has been implemented which also satisfies the
subsidiary requirement of enabling process and human factor
designers to modify their designs directly.
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The supervisory computer software has a hierarchical structure
in four levels:

(1) An action is the smallest indivisible event. For instance,
to move forward is an action; medium speed is another
action, etc .

(2) A step is defined as a number of actions.

(3) A sequence is defined as a number of steps.

(4) A pass is a number of sequences and is a high level function
that represents one of the major tasks that the SLAR system
performs:

There are two key elements of the supervisory computer software
design:

the actions

the software organization to make everything work reliably

The "actions" are common re-usable software modules which can be
combined easily to perform a particular function. The actions
can also be recombined in different sequences to perform a
different function. If a new function arises which cannot be
built up from existing actions, a new action can be created and
easily added to the library of available actions.

The process control design is done by creating or modifying a
database of actions. This sequence of actions is processed by
an "action sequencer" which includes data bounds and permissive
checking (Figure 2 ) . To change the function of the system only
the database needs changing, not the software logic. Since the
database actions have standardized linkages and correspond
directly to the process, testing of changes is straight forward
and localized.

The pass/sequence/step/action hierarchy allows the process or
human factors designer to do his design from the top down while
the software designer can provide the implementation mechanism
from the bottom up.

The process and human factors designers will be able to
participate effectively in the commissioning process and will
be able to directly make changes that they determine to be
necessary.
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The SLAR control system is a hierarchal system of computers,
each under the control of the organization responsible for
development of a particular aspect of the SLAR operation. They
are linked together by common languages and carefully controlled
co-Tirrunicaticns.

We have also provided a supervisory computer whose software
organization allows the control logic to be amenaole to
continuous, controlled changes. It has been possible to retain
tight control of the evolutionary development of SLAR, while
allowing those changes necessary to make the overall SLAR
process work.
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CATHSNA SIMULATION 0? A CRITICAL INLET HEADER
BREAK TEST WITH EMERGENCY COOLANT INJECTION IN RD-14

. J. Richards, F. W. Barclay and P - J. I.-. 31" a:

Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment

Pinawa, Manitoba
ROE 1L0

SUMMARY

Current safety analyses for most postulated
loss-of-coolant accidents (LOCA) in the CANDU reactor must
consider the effectiveness of the emergency coolant
injection (ECI) system. Computer codes used j. n the
analysis of the heat transport system (HTS) in LOCA
scenarios with ECI, must be capable of representing the
physical phenomena that occur during the injection of cold
water into a hot, steam-filled system.

A series of large inlet header break tests, with ECI,
has been performed in the RD-14 thermalhydraulic test
facility at Whiteshell Nuclear Research Establishment.
RD-14 is a full-height circuit of a CANDU-HTS, scaled to
accommodate a single full-scale (5.0 MW, 21 kg/s) heated
channel per pass. The loop has an ECI system that may be
operated in several modes representing the various ECI
systems found in CANDU reactors. For this series of tests,
an accumulator tank was used for high-pressure injection
with recovery ECI flow provided from a pump.

The RD-14 critical break test series for the inlet
header consisted of six experiments. These tests covered a
range of three break sizes, with and without pump rundown.
The test results showed that, in general, the fuel-element
simulators remained well cooled, and stable
natural-circulation cooling was readily established even
with a pump trip. A brief description of these tests is
given.
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SUMMARY (Cont'd)

The "critical" inlet header break with pump rundown vas
selected from the series and was simulated using tr. •=
CATHENA code. CATHENA is an advanced two-fluid
thermalhydraulic computer code for analysis of postulated
loss-of-coolant accidents in CAFDU nuclear reactors.
System models such as pumps, valves, critical discharge, a
pressurizer, etc., which are necessary to describe the
CASDU system under LOCA conditions, have been incorporated
in the code. Heat transfer between the fluid and piping
walls (or fuel) is modelled using applicable correlations
for boiling, condensation and forced convective heat
transfer. Selected RD-14 experimental tests are used in
the validation matrix for the CATHENA code.

The CATHENA idealization of the RD-14 test facility is
described. In total, 169 nodes were used to model the
primary heat transport system and 17 nodes were required to
model the ECI system. The steam generator secondary side
conditions were modelled as a boundary condition. Because
the RD-14 accumulator ECI system is comprised of two
high-pressure tanks connected by a long length of piping
and a pressure controlling device, a model was developed to
represent this ECI system. This model is described.

The CATHENA simulation of this test is described in
detail with emphasis on the effect of the ECI flow. The
simulation results generally showed good agreement with
experiment for all system parameters, including system
pressure, flow, sheath temperatures and void fraction
me asureme nts.

The experiments described in this paper were funded by
the CANDU Owners Group.



2XEEKIHENIAL •CHABATTKST7.STT0N 07 A VERTICAL TJ-TU3E 37ZAH GENERATOR

B.N. Hanna and ?.J. Ingham

Thermalhydraulics Branch
Whiteshell Nuclear Research Establishment

Atomic .Energy of Canada Limited, Research Company
Pinava, Manitoba, SOE 1L0

This paper describes a series of steam-generator characterization
experiments conducted in the RD-14 chermalhydraulic loop. The purpose of
these experiments was to study the thermalhydraulic behaviour of the steam
generator over a range of conditions that might be encountered in
postulated reactor accidents. The experiments also provide experimental
data for the validation of steam generator models used in CANDU reactor
simulation codes such as CATHENA1, SOPHT2 and FIREBIRD3.

The RD-14 facility is a full-height, pressurized-vater loop simulating
a single circuit of a CANDU reactor. The loop is arranged in a figure-of-
eight with a single 5.5-Mtf, 37-element heated channel per pass. The RD-14
steam generators shown in Figure 1, are full vertical scale of typical
CANDU units. However, they have only 44 U-tubes to meet the singls-channel-
per-pass heat transfer requirement. The steam generators incorporate a
spiral-arm steam separator, an internal fesd-vater preheater and an
external downcomer. The first tvo of these features are typical of a CANDU
steam generator, vhile the use of an external downcomer facilitates the
measurement of recirculation flow rate. The RD-14 loop and steam
generators were heavily instrumented for the experimental program.
Measurements in the steam generators included: primary fluid temperatures
along the tube bundle, temperatures in the secondary-side at various
elevations, temperatures in the dovncomer and steam drum, pressure and
temperatures in the steam and feedwater lines, mass flow rates in steam and
feedwater lines, downcomer flow rate and differential pressures for
indicated liquid levels in the steam drum and steam generator vessel. The
RD-14 primary loop measurements included pressures, temperatures, void
fractions and flow rates at various locations.

Both transient and steady-state steam generator characterization
experiments were conducted. A two-level factorial design was used for
steady-state experimental program. The steady-state experiments conducted
examined the effects of the primary-loop flow rate, heated-section power
and secondary-side pressure on the steam generator. The experiments were
conducted over the ranges of 1 to 27 L/s primary flow rate, 0.1 to 5.0



MV/per heated-section power, and at 0.1 -and 4.5 M?a(g) secondary-side
pressures, "hen steady-state conditions -vers achieved and data collected,
the effect of steam-drum vater level vas examined by perturbing the steaa
generator level controller to achieve a nev staady-state condition.

In the steady-scats experiments, the steam generator exhibited ;--o
modes of operation: operation vith a steady steam-drum vater level, and
operation vith an oscillator/ steam-drum water level. The latter sods of
operation vas observed at lov secondary-side pressura, 0.1 MPa(g), and
predominately when the steam-drum vater levels vere significantly belov the
steam separator's spiral arms. Tire oscillatory behaviour-was particularly
evident under natural circulation conditions in the primary loop. From
these tests, the conditions required for steam generator operation vith a
steady steam-drum vater level vere determined. Preliminary comparisons vith
the CATHENA code have also been made for a few steady-state conditions.

A series of four transient characterization experiments from full
pover and flov conditions vas also conducted. In these transient
experiments, the heated-section pover vas tripped to decay pover levels. In
addition, the primary-loop circulating pumps and/or the secondary-side
pressure vera ramped down. These conditions simulate a reactor trip vith
and vithout a loss of Class IV pover, or a crash cool on the secondary
side. The indicated levels for a typical transient are shovn in Figure 2.
The pover-trip experiments shoved, as expected, a rapid decrease in the
indicated steam-generator vater level due to the collapse of void in the
tube bundle. Hovever, in all of the experiments, after a brief initial
decrease the indicated steam-drum vater ievel increased•before falling to
its final collapsed level. The observed increase vas the result of a
reduction in dovncomer flov as void collapsed in the steam generator tube
bundle.

These RD-14 steam generator characterization experiments have provided
a firm understanding of steam-generator phenomena under normal operating
conditions and various abnormal operating conditions. The large data base
obtained from the full-height steam generator also provides a unique
resource for validation of thermalhydraulic steam generator models. The
paper vill describe the experiments and the results in detail.

Acknovledgmen ts

The experiments described vere funded by the CANDU Owners Group (COG).
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EXPERIMENTAL INVESTIGATION OF THE REFILL BEHAVIOUR IN

A CANDU-TYPE HEADER-FEEDER SYSTEM

by

J.E. Kovalski and V.S. Krishnan

Atomic Energy of Canada Limited
Vhiteshell Nuclear Research Establishment

Pinawa, Manitoba ROE 1L0

SUMMARY

The objective of the present work is to study transient phenomena
that may occur in CANDU-type headers.

In certain postulated loss-of-coolant accidents (LOCAs) in the
CANDU reactor system, the heat transport system is predicted to void
rapidly. The emergency core cooling system is then initiated to provide
the flow of high-pressure water from an injection tank to all reactor
headers. The modelling of such situations requires a good knowledge of the
refilling characteristics of headers. WNRE is conducting an experimental
program to provide information on the behaviour of typical reactor headers
under .steady and transient two-phase flow conditions. This paper will
describe the results obtained in the first phase of investigation of steam-
filled blowdown and water injection transients.

A schematic of the experimental facility used in these tests is
shown in Figure 1. It consists of two full-diameter (32.5-cm internal
diameter), half-length ( ~4 m) headers connected to each other by thirty
0.05-m internal diameter feeder pipes. The system can be depressurized
from one or both of the headers through quick-acting valves located in the
discharge line. The rate of depressurization is determined by the size of
the orifice in the discharge line. For the tests described in this paper,
water vas injected into the inlet header only. The loop is extensively
instrumented with flow, temperature, pressure, pressure-drop, and fluid
density measuring devices. In addition, probes are installed in the
headers to measure liquid levels.

The experiments were done by first preheating the loop to the
desired temperature with dry steam. The steam supply and discharge valves
were then closed and data collection was started. Loop depressurization
was begun by opening one or more of the quick-acting valves. Water was
then injected into the inlet header. The experiment was terminated when
both headers showed water-filled conditions. Tests were conducted over the
following parameter ranges:



Loop initial temperature
Loop initial pressure
Injection pressure
Break diameter
Break location

Injection water temperature

195 - 295°C
0.6 - 5.0 MPa
2.0 - 5.0 MPa
50, 150 mm
outlet header/inlet header/
both headers
30°C

The results showed the following three stages in each of the
experiments during depressurization and water injection:

1. Inlet header refill phase: This phase varied from 10 to 100 s,
depending on the break-size, location and injection pressure, which
effectively determined the average injection rate. Figure 2 shows the
inlet header refill time deduced from the measurements of the water level
in the header plotted against the average injection rate during the inlet
header refill phase. For injection rates smaller than -15 kg/s, the
injected water propagated very slowly through the header, and with marked
stratification.

2. Feeder refill phase: This phase was characterized by nonuniform flow
distribution among the feeders. In the double header and inlet header
break tests, the flow in the feeders near the inlet header would be
expected to oppose the injection flow into the feeders. This presumably
resulted in the rather large times (up to 80 s) required for refilling the
feeders, particularly the 90° side feeders. As expected, feeder refill
times were smaller in the outlet header break tests, typically 20 s,
compared to ~35 s in the double header break tests for similar average
injection flov rates.

3. Outlet header refill phase: The outlet header refilled at a much
slower rate compared to the inlet header. This is probably because of the
large volume of steam generated during the feeder refill phase. As
expected, refill times were longer in the double header break tests
compared to the outlet header break tests. The refill time was the longest
(-250 s) in the inlet header break test, as would be expected.

The effects of the initial temperature, pressure, break size and
location on loop refill time have been analyzed. For example, Figure 3
shows the relationship between loop refill time and initial temperature.
The refill time is longer at higher temperatures because of a higher
initial stored energy in the system.

detail.
The paper will describe the experiments and their results in

This work represents an important first step in our efforts to
understand header behaviour under transient conditions. The experimental
data obtained form a data base against which analytical header models can
be verified.

The experiments were conducted in the Systems Test Laboratory,
Uestinghouse Canada, Hamilton, Ontario. Funding for the work was shared
between AECL and the CANDU Owners Group.
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THE EXPERIMENTAL DETERMINATION, AirTJ VERIFICATION, OF THE CIRC'JMFERENTIAL
Ti^PEXATVRZ DISTRIBUTIONS DEVELOPED ON PRESSURE TU3ES DURING ASYMMETRIC

COOLANT CONDITIONS sue:-: AS STAGNATED COOLANT FIC«

C.3. So, O.Z. Gillespia, R.G. Moyer and D. Li-ka

Atomic Energy of Canada Limited
'«hitashell Xuclaar Research Estabiishnent

Pinawa, Manitoba ROE LLO

Temperature gradients say arise in CA2JEU reactor fuel channels
under asynnetric coolant conditions, such as stagnated coolant flow. Vr.an
this occurs, a local hot spoc can devaio? at the top of the prassura tube
where is is exposed to steaa. Deformation a: the hot spot cay cause the
pressure tube to defora into contact with nodarator-coolad calandria tube or
to ruptura prior to contact with tha surrounding caiandria tube. An experi-
mental program has been sec up at Whitesheil Nuclear Research Establishment
(WNS2), under CANDEV, to aeasure the circumferential teaparatura gradients
and the defornation on the pressure tube under different coolant conditions.
The data obtained froa thesa experiaents have bean used to verify tha
computer codas CATH£"A: (VIsRH), SI-USTT1 (OH) and A!-!?~2UC73 (CA27DU Ops),
which in turn, will be used to analyse raactor fuel channel behaviour. In
this paper, we will describe the four tests performed so far and will
present the experimental results. A comparison of the neasurad data with
the simulated results with CATHEXA will also be aade.

The apparatus for all four tests was essentially the sa=e with
slight modifications from one test to another. It consisted of a
2.29 aetar horizontal CANDU-cype channel (Figure 1). It was closed at ona
end and was opened to a vertical pipe (24.3 an ID) at the other. In the
channel, 36 indirect heatars were grouped into three separata rings. These
heaters, together with a supporting central tube, formed a CANSU-type 37-
alemenc fuel bundle configuration. Thermocouples were placed on the outside
of the pressure tube to monitor its taaperatura distribution during the
experiaenc. The steam exit pipe was connected to a condenser and a surge
tank so that the pressure in the channel could be kept relatively constant
during the test. The channel was iamersed in a pool of water to simulate
the moderator.

At the beginning of each experiment, the channel was filled with
water and was pressurized to the desired pressure (1 MPa for Tests 1 and 2,
4 MPa for Tests 3 and 4). The water was heated slowly from room temperature
until the top of the pressure tube reached saturation temperature (180°C at
1 MPa and 250aC at 4 MPa). A pre-determined power (40 kW for Tests 1 and 4,
80 kW for Tests 2 and 3) was then applied to the heaters to initiate water
boil-off from the channel. The steam-water mixture, expelled from the
heated channel, was condensed in the condenser and was collected in the
surge tank.



As "he heated channel uncovered, the temperature of Che a:-:posad
par* of the pressure cube was raised by theraal radiation froa the heater
ar.ci by convection froa steaa. A circuafarantiai taaperatura gradient
developed on the pressure Cuba. This is shown in Figure 2 for Tests 1 3.-.C.
3. >ioca thai the temperature difference exceeds i5CaC froa cop to bottom 2t
the pressure tubs. Deformation or. the pressure tubs ••••era observed ir.i
reasured. Scaa-: tasperacurs at Che channel exit axcsedzc. 5503C ir. all fi'ir
tasts.

All four esses have bean siaulated by CATHEHA and good agreements
were obtained. A typical coaparison between Test 1 and the coda predictions
are shown ia Figure 3. However, modification to the heat transfer package
is necessary to cake into account of Che channel-cross-sectional fluid
teaperacure distribution. Through this verification process, ve have ia-or.-
scratad that CATHENA can be used in reactor safety analysis when flow
stagnation occurs in a CANDU fuel channel.

In sunmary, four experiments have successfully been performed to
measure the circuafarencial taaperacure distribution developed on and tne
resulting deformation in the pressure tuba when coolant stagnated ir. a
pressurized heated channel. Thesa results have bean usad in the
verification of CATHE25A.
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CHANNEL CGQLINt'i DEGRADATION DURING A LGCA/LQEC£ EVEN
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and

C.8. So, R.G. Mayer, D. Litke
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Whiteshell Nuclear Research Establishment
Pinawa, Manitoba

During a small break loss of coolant accident (LQCA) in which the
lass of emergency coolant injection is postulated, the -fuel
channels will be subjected to progressive cooling degradation as
the coolant inventory in the heat transport system depletes.
While the heat transport pumps are operating, the additional
•farced convection a-f steam that they provide is capable of
significantly limiting the escalation o-f temperatures in the -fuel
channels. When the driving pressure differential due to the pumps
decreases, either as a consequence of the break discharge -flow
being sufficiently large, or because the pumps have ceased
operating, then temperatures in the -fuel channel escalate due to
the stratified liquid boil-off process. A model to analyse these
LDCA/LOECI scenarios has been developed and a version o-f the
model has previously been described C13. The model has been
implemented in the computer code SLLOH (Small LOCA LGECI Hestup).

T ^ i «s r.rtt^rMr- ,-ia*z r-f i K t a « s,czi~, ra/- +• a n-£ t* K-i »-= ,Ti<-*."'.sT f •-* 1 o ••.•;•• i-rh h ri i- H i.̂

simulation "f => =='•?=•= of- Pressure Tube Ci ri;'."n-f pr?n* i AI
Temperature Distribution Tests conducted at Whitiasheil Nuclear
Research Establishment <WNRE) under CAHDEV funding. The primary
reasons -for par-forming these simulations weirs to verify the
capability of the model to predict the transient variation in the
two—phase l«vel in the hasted section and, thereby.. assure the
adequacy o-f employing the model to provide input data u-f
stratified conditions in the heated test section to the SflARTT
code C23. This data was employed in the SMARTT LCCIS in the
prediction of the detailed temperature distibutions in the
heaters =md pr fissure tube during the test, and any resultant
pressure tub" dratormati on, as described in w companion |.ic»prar i'.Zl.

The experimental apparatus consists o-f a 2.3 ni&L&r long,
hor i sant-.il , CANDM-type channel, consisting of cal .andr i a tube,
pressure tube .and electrical heaters. The chunnt-rl is i ,mntir •icrd in
c» t^nk ot w>atk>r. 1'hc-v electrical heaters consist -of T6 indirect
heater e-1 anen ts ^uppor tt.-U bs' a Cifritral -iuppurt tub'..1 and di r niiqed



>n the lot .Ti cjt ;» "7 —t.-l t-inant fuel LiiindU- con-f i qur «i. i an . Ufn.- t.TicJ 'j-f
U T S p r essure tube:- 13 closed while the atht»r end l :3 cunn = c: t lid to a
condenser tank by A 2.43 c/n diameter pipe that runs vertically to
1.5 .n jtocjve the t«at section and then 'iori;onta.lly to a
distinction header connecting to the condenser tanr. Each of the
four tests performed to date started with the channel and
connecting pipe tilled with water, pressurized And at a
tsinperaturs close to saturation temperature. The heater oower was
then quickly ramped to the tsst pQ.-isr of either 40 kw or 30 kW.
After the initiaton of' stsain venting through the connecting pipe
the water in the channel boiled off, exposing progressive?!/ inors
heater elements to steam. Eventu Ily the pressure tube either
ballooned into contact with the caxandria tube or, in one test,
ruptured before ballooning contact. At each of tha two power-
levels stated above, tests were performed at channel prassures of
1 and 4 MPa. A representative transient variation in two-phase
level for Test No. 4, which was conducted at a pressure of 4 MPa
and a heated section power of 40 kW, is given in Figure 1. This
figure shows the level predicted by the model and the observed
two-phase levels at two planes in the heated test section during
the test. As may be seen -from this figure the predicted level is
in good agreansnt with tha observed levels, as infarrad from the
heater element sheath temperatures.

The influence of pressure and channel power on the dynamics
associated with the establishment o-f steam venting from the
channel, and the subsequent liquid boil-off, are discussed in the
paper. In particular, the model predicts a strong dependency of
tha two—phase level during the initial steam venting period en
the interaction between vapor generation rate in th = channel and
hydraulic limitations on steam venting rc<te. This dependency was
directly evident from the test observations and provides support
for the validity of the modelling of the governing physical
processes. In addition, the interpretation of inferred two—phase
levels from the heater element and pressure tube temperature test
data is discussed, together with the influence of local heat
transfer on apparent level.

It is concluded that the transien!. thermal—hydraul i c bsnavio.-.r
associated with extreme conditions of stratified liquid boil-off
in a stagnant heated channel, as observed in the tests, is well
predicted by the Modelling approach developed for analysis of
LOCA/LQECI events.
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This paper r e p o r t s on the p rogress of SMARTT m o d e l l i n g of
t h e P r e s s u r e Tube C i r c u m f e r e n t i a l T e m p e r a t u r e D i s t r i b u t i o n
( D e l t a - T ) E x p e r i m e n t s b e i n g conduc ted under t h e COG-CANDEV
program a t WNRE. The p u r p o s e of t h e e x p e r i m e n t a l program i s
to inves t iga te the po ten t i a l for pressure tube rupture during
b a l l o o n i n g , p r i o r to con t ac t i ng the c a l a n d r i a tube , in
pressure tubes exposed to s t r a t i f i e d coolant condi t ions , and
provide data for code va l ida t ion . The mechanism for rupture
is local wall thinning, due to non-uniform s t r a in ing , caused
by circumferential temperature gradients in the pressure tube.

The computer code, SMARTT (1), (Simulat ion Method for
Azimuthai and R a d i a l Tempera tu re T r a n s i e n t s ) has been
developed at Ontar io Hydro to p red i c t t r a n s i e n t fuel and
pressure tube temperatures, and pressure tube s t r a in ing , under
asymmetric cooling condit ions. The ca lcu la t ion is performed
at one a x i a l l o c a t i o n in a channel and r e q u i r e s the power,
pressure and l iquid l e v e l t rans ient as input. To simulate the
experiments, the standard 37-element version was modified only
in that the regular fuel elements were replaced by models for
the e l e c t r i c a l l y heated s i m u l a t o r s used in the t e s t s . The
l iquid l eve l t r ans ien t s >«ere calculated by the s ing le channel,
thermal-hydraul ics code, SLLCH (2) (Jtaall I-OCA LOECI jteacup).

The experimental apparatus consists of a 2.3-meter long,
h o r i z o n t a l , CANDU-type channe l , with p r e s su re tube and
c a l a n d r i a tube, immersed in a tank of water . The channel i s
e l e c t r i c a l l y heated by 36 i n d i r e c t h e a t e r s , which, with a
c e n t r a l s u p p o r t i n g t u b e , form the 3 7 - e l e m e n t b u n d l e
c o n f i g u r a t i o n . One end of the pressure tube i s c losed whi le
the other end is vented by a v e r t i c a l pipe to a condenser



tank. For each test, the channel is f i I 1 ad with water,
pressurized, heated to saturation temperature, and :n-jn
quickly ramped up to test power. The liquid in the channel
boils off exposing the upper portions of the pressure tube to
radiation from the hot fuel elements and superheated stea.it.
Eventually the pressure tube either ruptures or balloons into
contact with the calandria tube.

To date, four tests have been completed: Tests 1 and 2
at 1 MPa pressure, 40 kW and 80 kW, respectively, and Tests 3
and 4 at 4 MPa, 80 kW and 40 kW. In one of the tests (Test 3)
the pressure tube ruptured before contacting the calandria
tube. These tests are characterized by a relatively rapid
boiloff rate leading to a fast pressure tube temperature
transient compared to the reactor situation.

Results of the SMARTT simulations for Tests 1 and 2 were
presented in a previous paper (3). This paper presents the
results for Tests 3 and 4 and discusses all four tests in an
attempt to understand the effects of power, pressure and
liquid level on pre-contact rupture. For example, the pressure
tube circumferential temperature profiles for Tests 3 and 4,
just prior to ballooning, are compared to SMARTT predictions
which indicate that failure would be expected in Test 3 but
not in Test 4, in agreement with observation.

An alternative approach is to develop failure maps basec
on fundamental parameters that affect pre-contact rupture.
Figure 1 shows such a failure map developed using SMARTT for
the relatively slow transients in the reactor case. Ths
channel liquid level and pressure at time of rapid pressure
tube straining are the independent variables. It is
instructive to plot the results of the Delta-T tests on this
map. Test 1 and 2 are far from the failure boundary, whereas
Tests 3 and 4 are much closer. The results indicate that the
failure boundary for the faster Delta-T experiments would be
slightly to the left of the boundary for the reactor
transients.

It is concluded that the computer code SMARTT is able to
accurately predict channel temperatures for the Pressure Tube
Delta-T Tests, and determine conditions necessary for rupture
of the pressure tube. The tests are shown to be very useful
in understanding the phenomena of ore-contact rupture and
developing failure maps for specific accident scenarios.
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TABLE 1

SCMMARY CF TEST CONDITIONS AND RESULTS

Power (kW)

Pressure (MPa)

Time of Ballooning
Contact (s)

Time of Rupture (s)

Liquid Level During
Ballooning (fract.)

Void Fraction
During Ballooning

Minimum Thickness
of PT after
Ballooning (mm)
(Percent Nominal)

Test 1

40

1.1

500

-

.13

.92

2.8

65

Test 2

30

1.13

235

-

.10

.95

3.2

77

Teat 3

30

4.1

-

210

.30

.73

_

Test 4

40

4.1

470

780

.24

.82

NA

NA
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Abstract

This pacer descricss and analyses the perforr'ancs
statist ics of ths Pcint Lapreaa Generating Station since
i t s start-up in 1982. Comparisons are presented witn
the rsst of the world in general and with other CANDU
units in particular, and with operating standards laid
down sy Ontario Hydro ana INPO. Principal ••rcntrloutioni
to station outages and energy losses are described, and
the overall contribution made by pt. Lepreau is oriefly
covered.

Pt. Lepreau i s a 680 MWe CANDU plant and i t
produced i t s f i r s t e l ec tr i c i ty in September 1982. The
GCFs (Gross Capacity Factors) to 86-12-31 were -

Since In-Service 92%
lifetime 86%

There were 303 nuclear units reporting results in
the world. In the Worldwide Comparison, i t i s shown
that of the 10 plants with the highest GCF for calendar
year 1986, 7 were PWRs, the top 4 being Japanese.
CANDUs are represented by Bruce 5 at #7. This compares
with the top 10 plants with the highest GCFs over plant
lifetimes to 86-12-31, of which 4 are CANDUs including
Ft. Lepreau. This shows the misleading results of
taking a 1-year period as the sole criterion of plant
performance.

Comparisons over longer periods of 2, 3 or 4 years
clearly show the effects of the difference in fuelling
systems. The IAEA have suggested a 3-year reporting
cycle . I t i s shown that over any of the 3 longer
periods to 86-12-31, Pt. Lepreau had the highest GCF of
any nuclear plant in the world.

In a comparison with CANDU units alone Pt. Lepreau
came 2nd for 1986 and 3rd for Lifetime to 86-12-31.
Pt. Lepreau performance i s comparable with the best of
Ontario Hydro practice despite being the only unit run
by NBEPC.

Pt. Lepreau performance i s compared to operating
standards laid down by Ontario Hydro and by INPO (the
Institute of Nuclear Power Operations) since NBEPC does,
net use such standards. I t i s established that the
station surpasses the expectations of both organizations
by a wide margin. Pt. Lepreau performance is analyzed
in both organizations' units and formats, using their



- 2 -

definitions and c r i t e r ia . "H uses GCJ, Sudden o-taca
ractcr, ^on-survivai ratio, DArCR and Incapaoility
{factor, <ana in all 5 or these L<apreau is veil a'oove z'ne
standard and well up with the best Ontario Hydro
performance. IN?C uses Equivalent availability factor,
Forced outage rate, USWC (Unplanned scrams) and Themal
performance (gross heat rate), and in a l l ox these also
? t . Lepr^au is acova t.ie standard. The Thermal
Performance shows the effect or the lower thermal
efficiency of ? t . Lepreau: a trade-off to obtain the
benefits of using natural fuel and on-load fuelling.

The principal contributors to Pt. Lepreau
production losses since 1983 are analyzed by groups.
The sudden outages are seen to have fallen as

-commissioning was completed, as the safety systems and
OCCs were tuned. External stress events have varied
with a peak in 1985 caused by lightning strikes and are
essentially random. DAFOR and Incapability since 1983
show the increasing contribution of secondary-side
problems in percentage terms, and the decreasing
percentage of unplanned incapability ie outside the
Annual Shutdown.

A concluding summary l i s t s some production and
safety figures: the oi l equivalent of Lepreau's
lifetime production is some 36M barrels, costing over
C $1 billion and producing over 280000 tons of 302, ziie

cause of acid rain. There have been no nuclear-related
injuries or deaths, emergencies or incidents.
Employment is about 400 and the plant i s plainly of
great benefit to the locality and the Province . It i s
argued in conclusion that a second unit should be built
at Lepreau, and that as soon as possible.
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SUMMARY

The capacity faccors in CANDUs are not affected by che presence of
fuel defects primarily because they can be successfully located and removed
from tha core at full reactor pover. Fuel defects are found by on-line
conitoring of the delayed neutron activity and of the gamma ray activities
of certain fission products in the coolant. Defects can be reooved by
normal refuelling operations using on-power fuelling machines. Furthermore,
the sinple lightweight fuel bundle design facilitates fuel defect
inspections in the bays soon after discharge froa the core. Therefore, the
rapid feedback on fuel performance provides an opportunity to lisprove our
understanding of fission product release behaviour by correlating coolant
activity trends with fuel defect operating history.

With improved ur.darstanding of fission product behaviour, fuel
defects can be characterized while- still in the co.re. This provides a basis
for establishing guidelines for deciding when to remove them. CA.N'0'J
experience suggests that the delayed neutron activity 3nd che activity
concentration of the fission ^ajes in the coolant, provide the best
information for evaluating t;it condition of fuel defects and for estimating
the nuober of defective fuel -ilanents. Unfortunately not all nuclear plants
monitor these concentration, activities.

At most power r&actrjr stations, the jiamrLa rny activity of
iodinu-131 is routinely monitored in the primary circuit because of its
biological hazard. 3:" all :hs radioiodines, 1-121 with its relatively long
half-life of 3 days, h.-is th* best chance of escaping fro:: the primary
circuit to the environment. Therefore, for historical reasons, fuel defect
detection methods at nost nuclear plants roly heavily on I—131 activity
trends. The total 1-131 activity in the coolant a.iy provide an approximate
estimate of the n i n ^ : of defective fuel elene-:s in th>> coru. However, It
docs nnt give a cDr.-Lotc picfire of the condition of a fuel failure, in
particular, whuther cr not ;!:e djfect is relijasi-.i; ur.iniur.i to the coolant.
There are other shorter-lived r;:diolodinas nviilaMo ;n t::<i .;iicc t ru.-u that
provide some indication in tnis area.

•i7•.)•;•! b?./
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From the operational standpoint, there are two types of failures:
snail ones that predocinantly release gaseous and dissolved fission products
and large ones that also release depositing fission products. The first
type do not significantly increase occupational exposures because tha
fission products recirculating in the coolant are removed by ion-exchange
purification systems, by natural radioactive decay, or, if necessary, by
degassing circuits. The second type do increase exposures because the
depositing fission products contaminate the primary circuit components that
require periodic inspection and maintenance. Experiments hava shown that
the transport mechanists of the depositing fission products is associated
with uranium release. These fission products are tightly bound to the
uraniun matrix and accompany the uranium as it is released to the coolant.
The portion of uraniun that deposits back, in the core acts as a source of
fission products and contributes to the gaaca fields on the primary circuit.
In CANDUs, if. is important to identify the presence of these defects so that
they can be subsequently removed. Uranium release from fuel defects is
detected by increasing delayed neutron activity cocing froo 1-137 (22 second
half-life) and Sr-87 (56 seconds). In reactors that do not have delayed
neutron systems, the radioiodines can act as a substitute to determine when
the fuel failures release uranium.

Fission product activity in the coolant comas from two sources:
defective fuel and uraniue contaaination in the core. The split between
these sources depends on the decay half-life of the fission product. This
is because short-lived fission products tend to be removed more by natural
decay during the holdup process within the defective fuel eleaant than for
long-lived fission products. This dependfjnce affects the release rate to
the coolant and reduces the portion of activity due to fuel defects. On the
other hand, the portion of activity produced by the uraniun contamination in
the core is independent of decsy half-life. Very little, if any, of the
dissolved or gaseous fission products are likely retained within the thin
layer of uraniun on in-cora surfaces. This means that for certain
short-lived radicisotopes, the activity in the coolant approaches a linear
relationship with in-core uranium contamination. For short-lived iodines
like 1-134 (52 ainute half-life) and 1-132 (2 hours), the portion of
activity fron one or two defective elements is saall compared to the buildup
of uraniun contamination in the core. An upward trend of these activities
suggests that a defective fuel element is releasing uranium to the coolant.

The Gentilly Nuclear Generating Station (CANDl'-&00) is owned and
operated by Hydro Quebec. At this station, the activity concentrations of
several fission products including five radioiodines are calculated daily
from the gamma spectral analysis of the coolant. In 1984, one defective
fuel bundle was shifted to a low power position during an or.-power
refuelling operation. For the following three months, the fuel defect
remained in this position until it was renoved from the core. Fuel
inspections revealed one defective fuel element on the bundle, luring its
residence tine at low power, the defective fuel eleseat released urar.iun Co
the coolant as indicated by increasing delayed neutron activity. The upward
trends for the radioiodines, in particular fcr 1-134 and 1-132, correlated

37OOL5R/



- 3 -

well with the period of uranium contamination buildup in Che core. An
estimated 5 grass of uranium was deposited in the core. The experience az
•Z*-ziiiy compares well with the release mechanisms of r^dioiadines fro:: fuel
defects. The nagnicude and rate of increase of cne radioiodines in the
coolant provide a basis for identifying fuel performance problems in
CANDUs and other water reactor systens.

i I

MANZER



THE ROLE OF ENRICHED FUEL IN CANDU POWER UPRATING

by

P.S.W. Chan and A.R. Dastur

Physics Branch
Atomic Energy of Canada Limited

Candu Operations
Sheridan Park Research Community

Mississauga, Ontario
L5K 1B2

The economic incentive to reduce the capital cost of CANDU
power plants has resulted in various methods of uprating the power
level. These are based mainly on an increase in the limits put on
channel and bundle power. The increase in limits have been justified
because of changes in design or the use of analytical models that are
based on improved thermohydraulic data.

With the advent of fuel enrichment, another method of power
uprating becomes available. This method does not require changes in
bundle or channel design or in thermohydraulic models.

This method of uprating makes use of the relatively large
variation in tne flux to power conversion factor that is available with
fuel enrichment. Adjustment of the fissile content distribution is
carried out over the core by differential adjustment of enrichment and
fuel burnup. The criterion for this adjustment is to increase fissile
content towards the edge of the core, to compensate for the decrease in
neutron flux. The target is to keep the product (of the flux and
fissile content which is proportional to power density) constant over
the core and therby provide a level of flattening of the power
distribution which is significantly larger than the flattening of the
flux distribution.

Several studies of power uprating by this method have been
carried out. These are based on models using time averaged lattice
parameters. For the CANDU 600, the power level can be increased by 15
to 20% without exceeding present limits of channel and bundle power.
Enrichment levels of up to 1.45 wt% SEU are required. With fuel
enrichment limited to 0.9 wt% U-235, an uprating of 12% is achieved.
The enrichment limit of 0.9 wt% is attractive because it results in fuel
exit burnup levels that are not too far off those in the available fuel
irradiation data that is used for predicting fuel defect rates.

For future CANDU reactors, a combination of global
differential enrichment and adjuster rod relocation gives the best power
uprating result. However, the demonstrated reliability of operating
CANDUs significantly reduces the requirement for a xenon override system
in the form of adjuster rods. Therefore, power uprating by relocation
of adjuster rods may require a powerful adjuster rod system which is
unnecessary in futu.a CANDUs.



The results are sufficiently encouraging to repeat these
studies using models that simulate fuel management. These studies will
identify the problems associated with refuelling a reactor that uses
global differential enrichment.



WATERLANCING FOR CANDU STEAM GENERATORS

W. G. Schneider

Babcock & Wilcox Canada

Cambridge, Ontario

SUMMARY

Steam generators are inherently sensitive to corrosion damage due to the
concentration of chemicals within deposits especially in the tubesheet
region. While CANDU steam generators have an excellent reliability
record, they also have significant deposits and are therefore vulnerable
to attack in the event of a chemistry excursion. Waterlancing has gained
wide acceptance in Europe and in the U.S.A. as the best method of removing
tubesheet deposits.

In this process, high pressure water jets are directed along the
inter-tube gaps throughout the tube bundle to cut and flush out the
deposited sludge. The system employs a mobile unit with pumping,
filtration and control equipment and also lance and lance drivs equipment
which is mounted to hand holes opposite the tube free lane of the steam
generator. The lances typically have three rows of three jets at
adjacent tube lanes and are used two to a steam generator. The lances
have forward and reverse rotation to cut and sweep the sludge and
indexing to cause the jets to progressively advance through the bundle.

The demonstration waterlancing of the Pickering Unit 1, Number 3, steam
generator in January, 1987, was the first CANDU application of tubesheet
waterlancing. These units are very difficult in terms of both the very
difficult access and the extreme hardness of the sludge. A special lance
head was designed which was only about 31mm square and had two
articulated nozzles which aligned with the inter-tube gaps which were at
60° and 120° to the tube free lane (as compared to the normal
30o/90a/120° orientation). The project included design and demonstration
on a mock-up of these special lances and their drives. Also, the
mobilization to site of the full compliment of people and equipment as
well as the lancing work itself.

The demonstration was completed on a careful step by step basis in which
lancing pressure, lancing duration and numbers of tubes exposed were
systematically increased. In the first test, 3 lanes opposite a second
handhole and in the middle of the bundle were lanced. In the second
test, a twelve lane area near the edge of the bundle with more shallow
sludge was lanced. The final operation was lancing of the full half
bundle.

Tube inspections showed no tube damage and, in fact, no removal of the
tight surface layer adhering to the tube and thus allayed all concern
regarding tube erosion. The frequent sludge measurement showed that
removal progressed but much more slowly than is normal with softer
sludge. **
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In the final 3-1/2 day full hot leg lancing operation, 2 or A inches
(measured horizontally or vertically, respectively) was removed from the
very steep inner face of the pile. Total removal was estimated at 35 to
45 kg or 12 to 15% of the total deposit.

This program showed that it was physically possible to lanes thess units
and that tube erosion was not a concern but that refinements would be
needed to achieve a better rate of progress on this extremely hard
sludge. It also showed the importance of'lancing steam generators
regularly and from the beginning of their operating life so as to avoid
build-up and hardness as much as possible.



ON SITE CONTINGENCY PLANNING AT POINT LEPREAU GS

D .F . Weeks
Safety S Compliance Group

New Brunswick Power
Point Lepreau Generating Station

P.O. Box 10, Lepreau
New Brunswick

EOG 2H0

1 .0 INTRODUCTION

Numerous factors which govern the design, licensing,
construction, and operational aspects of a Canadian Nuclear Power
Plant assure that the possibility of a release of radioactivity
of sufficient magnitude as to constitute a danger to public
health is extremely remote. None the less the licensing process
recognizes the prudency of anticipating such a release and
requires that contingency plans be developed for dealing with an
emergency at the facility. To this end the licensee is required;

i) to develop on site contingency plans for coping with
emergencies within the facility boundary and,

ii) to participate with federal, provincial, and municipal
government departments to develop an off site contingency
plan for those events rfhich may result in release of
radioactivity beyond the facility boundary.

The objective of these plans is directed toward mitigating
the consequences of the emergency and should provide assurance
that all reasonable measures will be taken to protect health and
safety and prevent damage to property.

This paper will describe the on .-its contingency planning
that has been put in place for the Point Lepreau Generating
Station (PLGS) and briefly outline the interaction between the on
site plan and off site plans produced by other government
agencies of the Province of New Brunswick.

2.0 SCOPE ANT OBJECTIVES OF ON SITE PLANS

The licensing requirements for contingency plans are
primarily focused on those incidents which cause or may threaten
to cause radiological hazards affecting the health and safety of
plant personnel or members of the public. The contingency plans
developed for PLGS cater to these incidents and also recognize a
wider spectrum of conventional types of contingencies.
Historical events have highlighted the need for this diversity in
preplanning. Incidents such as the fire at Browns Perry, and
recent catastrophic failure of a feedwater line at Surry
illustrate that these conventional incidents must also be
considered in contingency planning.
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To accomodate this larger scope, the PLGS On Site Plan
(Reference 1) is divided into two levels;

i) a GENERAL plan which defines the organization,
responsibilities and preparatory measures required to
provide an effective response to any contingency and,

ii) SPECIFIC plans which describe, in detail, additional
arrangements and actions required to deal with a specific
type of contingency. There are specific plans to deal with
the following contingencies:

- Radiation
- Medical
- Chemical
- Security
- Fi re

The objectives of both the GENERAL and the SPECIFIC plans
are : "

- to direct a trained response team to the incident
location,

- to assess the event and report to a command unit,
- to control and ameliorate the event,
- if necessary, assemble all personnel not required for

response duties to their pre-designated Emergency Stations
for accounting purposes,

- if necessary, provide rapid summoning of off site
assistance,

- if necesary, provide for initiation of any Provincial
Off-Site Contingency Plans

3 .0 CONTINGENCY ORGANIZATION

The organization and responsibilities of certain staff
members have been predefined in order that control and
interaction during a contingency is clearly defined. The Shift
Supervisor is given overall responsibility for all response
activities. A Response Team, consisting of a designated group of
specially trained shift staff, is provided to take the immediate
actions to assess, control and ameliorate the contingency.

The response by shift staff is or can be supplemented by an
Assistance Group, a Technical Advisory Group or other designated
staff members - depending on the nature and severity of the
contingency. The organization and responsibilities, as well as
the timing and conditions for formation of these groups is
outlined in the General plan.
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4.0 FACILITIES, EQUIPMENT AND SERVICES

The On Sits Plans make provision for dedicated equipment: and
supplies at specified locations on site. These include fire
righting equipment, first aid supplies and equipment, chemical
contingency supplies, an Emergency vehicle, etc.

Tc further supplement the on site resources, arrangemen:s
have been made with local municipal services to provide fire
fighting, ambulance, police and hospital services.

To assist with implementation of the Contingency Plans and
ensure an interface with off site plans, extensive communications
facilities are provided. Sufficient redundancy is available in
the event of failure of normal communication facilities.

5 . 0 INTERFACE WITH OFF-SITE PLANS

An off site plan has been prepared by the New Brunswick
Emergency Measures Organization (Reference 2) which describes the
resources and procedures to provide protection to the public in

* the event of an off site release of radioactivity from the
Station. Reference 2 also makes provision1 for other situations
that may require off site assistance which would not otherwise be
readily available.

The On Site plans provide a high degree of liaison and
communication between the On Site and Off Site plans. An Off
Site Emergency Center (OEC) has been provided to serve as a
coordination and communications center in the event that a
contingency has produced off site conditions which require
extensive efforts in their management. The On Site plans make
provision for staffing and operating the OEC.

6.0 IMPLEMENTATION

To assist station staff in implementing the various plans, a
comprehensive and detailed set of procedures has been assembled
as an operating manual "OM 78600-Contingency Plans". This Manual
contains detailed procedures for responding to contingencies, as
well as call charts, duties of station staff, etc.

7.0 TRAINING

A training program was developed that provides staff with
\ the necessary knowledge and capability to support the contingency
j plans and procedures. The extent and level of training given is
i consistent with an individual's role in the overall plan. For

example, response team members receive indepth training in a
variety of areas such as advanced first aid, advanced fire
fighting, chemical protection, emergency vehicle operation,
contingency plan communication and procedures, etc. Audited
drills are also carried out periodically.
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8 . 0 SUMMARY

Extensive On Site Contingency Plans have been developed fo:
PLGS. The plans provide the staff, organization structure, th =
detailed procedures, and resources to provide effective respond-
to a variety of contingencies of varying severity. Where
necessary the on site plans are supported by and complement Off
Site plans and resources.

9 .0 REFERENCES

(1 ) NB Power, Point Lepreau Generating Station Reference
Document, On Site Contingency Plan, RD-01364-L17,
Rev . 1 .

(2) NB Emergency Measures Organization, Point Lepreau
Generating station Off-Site Emergency Plan.



OFF-SITE NUCLEAR CONTINGENCIES IN A

MULTI-HAZARD PLANNING CONTEXT

by

JAMES O. STITH and GARY E. STAIRS

The New Brunswick Emergency Measures Organization
Department of Municipal Affairs and Environment
P.O. Box 6000
Fredericton, New Brunswick E3B 5H1

1.0 INTRODUCTION

Within the past decade, North American contingency
planners have witnessed a substantial evolution ' in their
responsibilities for off-site nuclear preparedness. The reasons
for this phenomenon are threefold: (a) the number and size of
nuclear generating station? has increased; (b) the technological
complexity of radiological contingencies exceeds most natural
hazards/disasters such as floods, tornadoes, etc. and (c) the
public will to support countermeasures for radionuclide releases
has grown due to major incidents such as TMI and Chernobyl.
However, as this case study of Point Lepreau off-site contingency
planning demonstrates, neither the emergency operations concepts
nor the public protective measures are new when viewed in the
historic multi-hazard planning context.

The paper documents eleven years of experience in
developing an off-site nuclear contingency plan. It describes
the operational structure which has evolved, protraying the
commitment necessary to implement and sustain an emergency measures
program of this magnitude in a province with limited economic
resources.

2.0 JURISDICTION AND CHRONOLOGY

With the exception of an Atomic Energy Control Board
(AECB) consultative document ]_ , there are no mandatory federal
standards for off-site nuclear contingency planning in Canada.
The New Brunswick Emergency Measures Organization (NBEMO), by
virtue of the Emergency Measures Act2 and agreement with AEC33 '
is thus responsible for off-site emergency planning at the Point
Lepreau Generating Station.
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MBEMO initiated contingency research for Lepreau in
la~e 1976, drawing from North American and international experience.
3y 1979, an initial planning document was drafted by N3EM0 from
a modified Provincial Emergency Action Plan, subsequently tested
and revised. On 6 May 1982, the Point Lepreau Off-Site Emergency
Plan was approved, prior to the first criticality of the 6 00 nwe
Lepreau reactor. In the same year, a formal bilateral agreement
on nuclear contingencies was drafted between NBEMO and the State
of Maine Bureau of Civil Emergency Preparedness.

3.0 PROVINCIAL EMERGENCY ACTION PLAN

The Provincial Emergency Action Plan (PEAC) deals with
a spectrum of natural and man-made disasters. Detailed responses
for a variety of potential events have been formulated and are
reviewed on a periodic basis. Our government does not view nuclear
contingency planning as an isolated subject. It is dealt with
in the same context as any other hazard for which emergency planning
is necessary.

Under the PEAC Plan, New Brunswick sustains a Provincial
Emergency Action Committee/ a Provincial Emergency Operations
Centre, ten district committees {DEACs) and associated
infrastructure. This action committee is composed of senior
departmental and agency officials and is parralleled at the local
level by the DEACs.

4.0 ADAPTATION TO OFF-SITE

To mitigate the release of radionuclides, the PEAC
Committee is expanded to include the scientific, technical and
management skills to surmount such an event. A comprehensive,
operational response is thus enabled fvom local to international
levels of government. Additionally, NBEMO's collaborative approach
to the program has ensured accord with neighbouring Maritime and
U.S. jurisdictions.

The most intensive community work has occurred within
the twenty kilometre contiguous zone, while ingestion pathway
planning has been conducted throughout southwestern New Brunswick.
Some of the features of the plan include:

* On-line demographic data-base of the full contiguous
zone (updated annually);

* Door-to-door (contiguous) distribution of action guides
and prophylactic medicine (KI);

*Urban and Fundy Isle stocks of KI;
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*Prior identification and exercising cf reception centres;

*Community-based warning service.

5.0 IMPLEMENTATION OF OFF-SITE PLAN

Upon notification of an imminent or actual off-site
release of radionuclide-', NSEMO activates a two-tiered command
structure which functions at provincial and two district levels.
Two key features required to implement the plan are previously
determined notification criteria and frequent notification tests
for communications. Other operational aspects are:

* Well defined interface between on and off-site plans;

* Prompt, continuous data flow from plant and contiguous
zone;

* Pre-determined emergency action levels;

•Central operational control and coordinated field
response;

* Public alerting and emergency broadcasting.systems;

* A specialized public information manual and team;

* periodic exercises - field and table-top.

6.0 CONCLUSION

The New Brunswick Emergency Measures Organization sees
both the off-site plan and the operational arrangements as "works
in progress". To ensure the practicality of the Lepreau contingency
procedures, EMO has risked official condemnation and public
criticism through four table-top and two fullscale exercises.
This we will continue to do: placing our people and systems under
true duress; building on strengths and isolating weaknesses; urging
our industry colleagues to, as one reporter stated, "imagine the
unthinkable."

By nature, planning is a dynamic process. Plans are
developed according to sound principles, known circumstances and
accumulated experience. Thus, although the principles do not
change, the plan must keep abreast of new situations and
opportunities. It is a positive process of never-ending examination
and improvement.
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Ths New Brunswick government has favoured a cooperative
approach to radiological contingency planning. Developing the
Lepreau off-site plan could be characterized as arduous, but with
real gains in public protection - thereby strengthening the
legitimacy of emergency preparedness and, indirectly, nuclear
power. We would contend in closing that society sees emergency
preparedness as an essential turnstile through which the nuclear
i.-.dus-ry must pass before future expansion will be allowed.
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S U M M A R Y

F u e l B e h a v i o r d u r i n g S i m u l a t e d R e a c t i v i t y I n i t i a t e d A c c i d e n t s
in t h e N S R R E x p e r i m e n t s a n d Its A p p l i c a t i o n

T o s h i o F u j i s h i r o , T e r u o I n a b e , Ma'koto S o b a j i m a

J a p a n A t o m i c E n e r g y R e s e a r c h I n s t i t u t e

E x t e n s i v e s t u d i e s o n the' b e h a v i o r o f w a t e r r e a c t o r f u e l r o d s d u r i n g
r e a c t i v i t y i n i t i a t e d a c c i d e n t s ( R I A s ) h a v e b e e n c o n d u c t e d in t h e
N u c l e a r S a f e t y R e s e a r c h R e a c t o r ( N S R R ) a t t h e J a p a n A t o m i c E n e r g y
R e s e a r c h I n s t i t u t e , a n d in t h e S P E R T - C D C , T R E A T a n d P B F a t t h e I d a h o
N a t i o n a l E n g i n e e r i n g L a b o r a t o r i e s . In e a c h of t h e s e e x p e r i m e n t s , t e s t
f u e l r o d s c o n t a i n e d in a c a p s u l e o r a l o o p w e r e s u b j e c t e d to a l a r g e
p u l s e d p o w e r i r r a d i a t i o n in a c e n t r a l f l u x t r a p o f a d r i v e r c o r e .
T h e m a g n i t u d e a n d t i m e d u r a t i o n o f t h e s e s i m u l a t e d p o w e r e x c u r s i o n s (.ere
c o m p a r a b l e to p o s t u l a t e d R I A s in L W R s .

E x p e r i m e n t s a r e c u r r e n t l y o n g o i n g in t h e N S R R p r o g r a m . E n e r g y
d e p o s i t i o n o r c o n s e q u e n t e n t h a l p y i n c r e a s e in t h e f u e l r o d s is the m o s t
i m p o r t a n t v a r i a b l e , b e c a u s e f u e l b e h a v i o r is governed b y t h e fuel
e n t h a l p y i n c r e a s e d u r i n g t h e r a p i d p o w e r e x c u r s i o n o f a n R I A . F i g u r e I
c o m p a r e s t h e a p p e a r a n c e s o f t e s t f u e l r o d s a f t e r N S R R e x p e r i m e n t s a s a
f u n c t i o n o f f u e l e n t h a l p y . T h e c l a d d i n g w a s o x i d i z e d a n d d i s c o l o r e d
b e y o n d t h e f u e l e n t h a l p y o f a b o u t 1 1 0 c a l / g U C h d u e to h i g h c l a d d i n g
t e m p e r a t u r e a f t e r d e p a r t u r e f r o m n u c l e a t e b o i l i n g ( D v ( J ) , b u t the f u e '
d i d n o t f a i l a t t h e f u e l e n t h a l p y of t h e 0 N 8 t h r e t h o l d .

T h e t h r e s h o l d e n t h a l p y f o r t h e f a i l u r e of u n p r e s s u r i z e d u n i r r a d i -
a t e d f u e l r o d s w a s g e n e r a l l y a b o u t 2 1 0 to 2 2 0 c a l / g l ' 0 > . a n d i n s e n s i t i v e
to c l a d d i n g m a t e r i a l , c l a d d i n g h e a t t r e a t m e n t , f u e l for?,, f:: e l -na ter i a, I
a n d g a p w i d t h , b u t a f f e c t e d by t h e c o o l i n g c o n d i t i o n . Einbri tt l a m e n t of
t h e c l a d d i n g , d u e to o x i d a t i o n a n d t h i n n i n g by i n t e r n a l m e l t i n g , w a s the
m a j o r c a u s e of t h e i n c i p i e n t , f u e l f a i l u r e . P r e - ; i r « s $ u r i 2^d r o d s f a i l e d
by t h e r u p t u r e of b a l l o o n e d c l a d d i n g af h i g h Jennierat:ire. T h e f a i l u r e
t h r e s h o l d of p r e - p r e s s u r i zed r o d s d e c r e a s e d u i t h t h e i n c r e a s e <»f the r-o,i
p r e s s u r e .

T h e c o n s e q u e n c e s of uni rrail iafced f;s^l ;- o ii fai'iir* \?-~ i n s i g n i f i -
c a n t b e l o w a b o u t 2 3 5 ••al/gl. 0 : . T h e roils S:;:J j -•; t^d rj fuel -n.'ijal/iv in



e x c e s s of 2 8 5 c a l / g U O a w e r e f r a g m e n t e d , w h i c h r e s u l t e d in mechanial
e n e r g y g e n e r a t i o n . P r e s s u r e p u l s e s and c o o l a n t e j e c t i o n w e r e observed
u p o n fuel f a i l u r e . T h e p e a k p r e s s u r e and m e c h a n i c a l e n e r g y c o n v e r s i o n
r a t i o i n c r e a s e d w i t h fuel e n t h a l p y , but did not e x c e e d 21 MPa of
p r e s s u r e and \% of e n e r g y c o n v e r s i o n r a t i o for the fuel e n t h a l p y of
b e l o w 5 0 0 c a l / g U 0 2 .

T h e f a i l u r e t h r e s h o l d of w a t e r l o g g e d r o d s , the r o d s c o n t a i n i n g
w a t e r w h i c h had p e n e t r a t e d t h r o u g h the d e f e c t s of the c l a d d i n g , was
a r o u n d 1 0 0 c a l / g U 0 2 for z i r c a l o y clad r o d s . T h e f a i l u r e c a u s e d high
p r e s s u r e p u l s e s of a r o u n d 13 M P a , but did not r e s u l t in fuel failure
p r o p a g a t i o n .

A r e g u l a t o r y g u i d e line c o n c e r n i n g RtA w a s e s t a b l i s h e d in 1984 in
J a p a n b a s e d on the NSRR e x p e r i m e n t a l r e s u l t s . T w o e n t h a l p y l i m i t a i o n s
w e r e d e f i n e d in the g u i d e l i n e . T h e l i m i t a i o n to p r e v e n t fuel f a i l u r e
in a n t i c i p a t e d t r a n s i e n t s is g i v e n as a f u n c t i o n of p r e s s u r e d i f f e r e n c e
b e t w e e n the i n s i d e and o u t s i d e of a r o d . T h e l i m i t a t i o n v a l u e is 170
c a l / g U 0 2 in p e a k fuel e n t h a l p y w h e n the p r e s s u r e d i f f e r e n c e is below
0.6 M P a , and d e c r e a s e s w i t h the i n c r e a s e of rod p r e s s u r e . The other
l i m i t a t i o n is 2 3 0 c a l / g U 0 2 in p e a k fuel e n t h a l p y to p r e v e n t fuel frag-
m e n t a t i o n for w o r s t - c a s e R I A s , i.e. a c o n t r o l rod c l u s t e r e j e c t i o n in
a PWR and a c o n t r o l rod d r o p in a 8 W R .

T h e fuel b e h a v i o r in the C h e r n o b y l a c c i d e n t can well be u n d e r s t o o d
based on the NSRR e x p e r i m e n t s . D i f f e r e n c e of t i m e s c a l e of power
e x c u r s i o n s b e t w e e n the C h e r n o b y l a c c i d e n t and the NSRR e x p e r i m e n t s will
not be so i m p o r t a n t , s i n c e the thermal time c o n s t a n t of the fuel rods
a r e m u c h l a r g e r t h a n a s e c o n d and the fuel rods w e r e h e a t e d almost
a d i a b a t i c a l Iy e v e n in the c o m p a r a t i v e l y s l o w e x c u r s i o n in the Chernobyl
c a s e . The r e p o r t e d a v e r a g e fuel e n t h a l p y of a b o u t 3 0 0 cal/gUQ* in
the C h e r n o b y l r e a c t o r s u g g e s t s that fuel f r a g m e n t a t i o n m u s t h a v e occurr-
ed in the m a j o r p o r t i o n of the c o r e r e g i o n , r e s u l t i n g in a prompt
p r e s s u r e s u r g e to c a u s e r u p t u r e of p r e s s u r e t u b e s . C o n s i d e r i n g the power
p e a k i n g , very high e n t h a l p y of 300 to BOO cal/g(;0; m i j h t ha'.- !S<-T»:I

a t t a i n e d localJ i. p o s s i b l y r e s u l t i n g in a v i o l e n t s t e a m e x p l o s i o n .

As a f u t u r e p l a n of the NSRR p r o g r a m , e x p e r i m e n t s -— t tfi pre :-rradiat-
ed fuel rods are s c h e d u l e d to s t a r t in early 1.039. T h e r e s u l t s of the
prei rrad iated fuel rod e x p e r i m e n t s a r e expecteil to be i n o o r i o - H ^ d in
the RI A su ideIi n e .
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THE RELEVANCE OF CHERNOBYL TO PWR AND PHUR SOURCE
TERM EXPERIMENTAL PROGRAMS

by

F.C. Iglesias, M.F. Osborne, R.A. Lorenz and C.E.L. Hunt

ABSTRACT

A number of mechanisms and complex processes have been invoked in an
attempt to explain the fission product releases during the Chernobyl
accident. Unfortunately, the published information about fuel temperatures,
environment and activity releases is sparse and sometimes inconsistent. As a
consequence, a comprehensive analysis of the event is inconceivable.
However, it is possible to set some bounding conditions within which the
activity releases from the fuel elements took place. For example it can be
assumed conservatively that:

(a) the fuel was subjected to temperatures between 700-3300 K, and
(b) the fuel environment ranged from reducing to oxidizing in either air or

steam or both.

Some phenomena, like the graphite fire, contributed to the establishment of
fuel environmental conditions but were consequences of the RBMK reactor
design, having no counterpart in the PUR or PHWR design, and hence are not
considered relevant to this paper.

The experimental programs of Oak Ridge National Laboratory (ORNL) and
the Chalk River Nuclear Laboratories (CRNL) were conceived to study fission
product release and behaviour under a variety of conditions. In summary the
main objectives are:

to quantify fission product release from irradiated fuel under
conditions from reducing to oxidizing,

to relate fuel morphology changes with release data, and
to determine the physical and chemical forms of the released species.

The ORNL studies involve the annealing of fuel rod segments with burnups
from 240 to 960 MW.h/kg U in a horizontal or vertical induction furnace.
Different gas environments were used; dry air (775 K < T < 975 K), steam-
helium -hydrogen and purified helium (775 K < T < 2300 K). To date 28 tests
have been done on irradiated fuel rods plus other control tests with tracers
and fuel simulants. In the near future the work at ORNL will include tests
az cote melt down temperatures, on the stability of certain chemical forms
and on the influence of reactor structural/control materials.

The CRNL program consists of annealing of UO2 in inert, air, and steam
environments, at temperatures between 775-2900 K. To date 43 tests have been
done at temperatures up to 1975 K on fuel fragments with burnups between 100



and 700 MW.h/kg U. Future work will involve release measurements during UO2-
Zircaloy interaction, and tests with short fuel rod segments at temperatures
from 1300-2900 K in air or steam environments.

By combining the results from both the ORNL and CRNL programs we are
able to present a more complete picture of the fission product release from
the fuel in postulated reactor accidents. The subsequent transport and
chemical reactions of these fission products up to the time of postulated
containment failure, determine the source term.

At the Chernobyl reactor, there was no containment beyond the reactor
hall, which was breached during the first steam explosion when the ends of
all the pressure tubes were severed. Thus the direct release from the fuel
effectively became the source term. Fuel ejected from the core experienced
highly oxidizing conditions. Fuel which remained within the reactor core
experienced conditions ranging from highly oxidizing to highly reducing,
depending on local circumstances. Similar chemical conditions at
temperatures up to about 2300 K have already been investigated at ORNL and
CRHL. Future experiments are planned to extend the results up to fuel
melting. Our analysis of the Chernobyl accident does not suggest any new
fission product release phenomena.
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AEROSOL BEHAVIOR RESEARCH IMPLICATIONS OF CHERNOBYL

T. S. Kress

SUMMARY

The fission product transport aspects of source terra determination

associated with LWR severe accidents largely involves the exercise of

the technology of aerosol behavior. This fact has been recognized for

some time now and, consequently, considerable effort has gone into

developing and validating appropriate aerosol behavior models. It is

believed by many that this is the best developed aspect of source term

technology.

The source tern aerosol behavior modeling, as embodied in a number

of computer codes, includes the following processes (not all of which

are in every code):

1. the formation of aerosols from the vapor s ...c:e by homogeneous/

heterogeneous nucleation and growth;

2. transport via convective streams;

3. deposition onto surfaces (gravitational settling, laminar and

turbulent flow deposition, impaction, therraophoresis, and diffu-

siophoresis);

4. agglomeration (Brownian, gravitational, and turbulent);

5. interactions (fission product vapors and water vapor condensation

onto aerosols);

6. removal of aerosols in suppression pools;

7. removal of aerosols by sprays; and

8. removal of aerosols by filter systems.



In addition to the above, a number of other processes have been

suggested as likely important contributors to the aerosol behavior, and

some are under evaluation to determine their importance and whether or

not (and how) to include them into the overall modeling. These include:

1. effects of H2 combustion on aerosols and vice-versa;

2. aerosol plugging of leakage paths;

3. the adsorption behavior of vapor fission product species onto

aerosols; and

4. the potential for hydrodynamic resuspension of aerosols.

While it is true that the treatment of aerosol behavior is in a

relatively advanced state with respect to severe accident source term

technology, there are still a number of aerosol behavior aspects that

need additional research and development. The most important of these,

in my opinion, are:

o There is a need for improved modeling with respect to the aerosol

shape factors, y and x» to allow them to be time variable based on

a dependence on aerosol agglomerate size and on the containment

relative humidity history. Direct measurements of y and x ar e

needed as functions of agglomerate size, aerosol species, mixture

ratios, and effects of moisture.

• Improved modeling with respect to multi-species aerosols of

markedly different densities and hygroscopic properties is needed.

• Experimental data and improved modeling with respect to vapor

species adsorption interactions with aerosols (adsorption isotherm

data and effects of turbulence on the mass transport coefficients)

are needed.



The issue before us now is whether or not the experience of

Chernobyl either changes our perception about any of the above or other-

wise suggests additional considerations that should be included in

safety research and development programs* To address this, it is useful

to first speculate on the RCS and containment aerosol behavior aspects

of Chernobyl (i.e., exc ^ding atmospheric transport behavior). Wich

respect to this, the Chernobyl accident can be viewed as having two

major phases:

1. A super-prompt critical excursion led directly to fragmentation of

fuel and to its rapid dispersal into residual coolant water. The

subsequent steam explosion breached the reactor coolant system

boundary and opened up a direct pathway for fission product/aerosol

transport to the environment. The energetics associated with this

served to disperse hot fuel aerosols high into the atmosphere.

Perhaps further oxidation during this lofting served to release

additional fission products from larger fuel fragments.

2. The subsequent graphite (and/or fuel) fire led to long-term con-

tinued release of fuel and fission products which were dispersed

into the atmosphere by the natural convection currents. This

release could have involved direct vaporization from fuel, oxidation

or other chemical interactions, lofting of residual aerosols that

had been created by the initial excursion, or some combination of

these. The dumping of various materials onto the core region seemed

to provide only temporary abatement of the release.

With respect to the important LWR aerosol transport processes

discussed earlier, the above Chernobyl observations do not change our



perception or suggest any new areas of research. At most, they serve to

focus increased attention on (1) reactivity insertion accidents,

(2) high-pressure melt ejection events, (3) steam explosion production

of aerosols, and (4) oxidation conditions as sources of aerosols.

However, it is a poor sort of accident that teaches us nothing.

With respect to aerosols, the lessons of Chernobyl seem to lie mostly in

the realm of accident management and recovery. With regard Co these, it

seems to me that additional research is suggested in a number of areas:

• improved on-site and off-site radiation-resistant aerosol monitor-

ing equipment for remote accident diagnosis and management;

• protective clothing against radioactive aerosols;

• techniques for clean-up/control of aerosol contamination to prevent

spread and to recover from an accident;

• re-evaluation of reactor plant ventilation and air-conditioning

systems with respect to their potential for exacerbating conditions

by spreading contamination to sensitive areas;

• investigation/evaluation of ad hoc accident management strategies

(e.g., means to disperse or control melts undergoing core-melt/

concrete interactions); and

• study of the risks due to secondary generation of radioactive

aerosols resulting from fires in contaminated forests.
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HYDROGEN IN WATER-COOLED NUCLEAR REACTORS

M.W. Jaakowski, In ternat iona l Atomic Energy Agency

J .C. dimmings, Sandia National Laboratories

D.F. Xorgerson, Whiteshel l Nuclear Research Establishment

A nuclear power plant i s designed to ensure i t s c a p a b i l i t y of

undergoing a s p e c i f i e d range of operat iona l e v e n t s , a c c i d e n t s and ex terna l

hazards wi th s t r i c t l y l imi t ed r a d i o l o g i c a l consequences to the p u b l i c . From

a safety point of view i t i s necessary to evaluate the radiological

protection limits for a spectrum of accidents wich might cause the failure

of structures, materials and systems, ultimately limiting the safety of the

plant. In nuclear power plants, a multi-barrier concept i s used to limit

the potential for releasing radioactive fission products to the environment.

In March 1979, an accident ac Unit 2 of the Three Ilile Island (TMI)

nuclear power plant occurred. It led to a partial uncovering of the core

which damaged the fuel elements. Hydrogen generated from metal-water

reactions was subsequently ignited and the combustion process resulted in a

pressure spike that has caused concern about containment integrity for

various nuclear power plants. This accident triggered a review of the

safety approach and i t s implications, particularly with respect to such

factors as hydrogen generation, transport, distribution and combustion, and

their effects on containment structures and engineered safety feature (ESF)

sys terns.

In April 1986, an accident at Unit 4 of the Chernobyl nuclear power

station occurred resulting in significant damage to the reactor core,

reactor vault, and other structures of the plant. It i s believed chat chis

accident resulted in significant metal-water reaction, producing an

estimated 75 kg of hydrogen *.

^Commissariat a l'Energie Acomique, Institute de Protection et de Surete

Nucleaire, Report No.2/86, Rev.3, The Tchernobyl Accident, October 1986.
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The ongoing discussion concerning Che hydrogen and its contribution co Che

"second explosion" aC Che Chernobyl reactor has produced conflicting

opinions and views; there is some technical evidence, but lack of

cooprehensive evaluation (including modeling) precludes reaching any firm

conclusions at this time.

For the purpose of covering the majority of important phenomena

influencing hydrogen generation, distribution and combustion and the

mitigation of its effects in safety assessment, it is necessary not only to

address design basis accidents (DBAs) but also to consider accidents beyond

DEAs. It is therefore, useful to identify the following accident stages in

reviewing the phenomenological and mitigation aspects of hydrogen; (a) no

damage to reactor core, (b) damage to reactor core, but the reactor pressure

vessel is Intact; and (c) reactor pressure vessel is ruptured.

Hydrogen can be produced by several different means during normal

operation and under accident conditions in a water-cooled nuclear power

plant. Because the hydrogen gas can energetically react with oxygen,

concerns about potential consequences of hydrogen burns have been recognized

right from the scart of commercial nuclear power development.

Radiolytically produced hydrogen has been routinely dealt with in the normal

operation of thermal nuclear power plants over the years, and practices to

control ic are well established. In a similar way, various designs of the

emergency core cooling system (ECCS) are provided in all commercial plants

to limit hydrogen evolving owing to metal-water rection during a

loss-of-coolant accident (LOCA).

Past consideration of the potential hazards to the containment due to

the generation of hydrogen in an accident have tended to focus attention on

accidents where the generation of hydrogen is limited by the functioning of

the ECCS. The view generally emerged that, for such accidents, the hydrogen

concentration in the containment atmosphere increased only slowly, caking a

relatively long time to approach the flammabilicy limic (since the

metal-wacer reaction is inhibited by prompc cooling of Che cladding). The

major sources of hydrogen would be radiolysis of core and sump water and

corrosion of containment metals, both relatively slow processes. The

time-scale involved in the generacion of hydrogen in surficienc quant icy co
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approach the flammability limit allowed the ini t iat ion of several features

of atmospheric control (for example, provisions have been made in a number

of plants to limit the hydrogen concentration to below 4 vol.% by means of

mixing systems and recombiners).

The accident at Three Mile Island Unit 2 led to a general

re-examination of the potential threat posed by hydrogen in severe

accidents. Severe accidents are characterized by major fuel overheating and

reactor pressure vessel failure accompanied by releases of large amounts of

radionudides and hydrogen into the containment. The key sources of

hydrogen tend to be Che exothermic metal-water reactions in the voided core

and possibly the melt/concrete interactions and high pressure ejection i f

the accident progresses to a vessel melt-through. Figure 1 i l lustrates

possible hydrogen mean (.homogenous) concentrations in several PHR and bWR

containments as a function of oxidized Zircaloy inventory in an accident.

Clearly, substantial concentrations can arise just from this source.

The most obvious issue related to the simultaneous presence of large

quantities of hydrogen and suspended radionuclides i s that of the potential

for containment failure caused by overpressure due to hydrogen combustion.

Following such a containment breach, much of the airborne radionuclides

could escape to the environment. The consequences of hydrogen burn depend

not only on the amount of hydrogen available for combustion and i t s

concentration, but also on plant-specific features, such as nominal design

and failure pressures, net free volumes, the degree of compartmentalization

and engineered provisions for post-accident control of the containment

atmosphere.

The second issue related to the presence of flammable hydrogen

mixtures in the containment is that of equipment survivability. heat and

high pressure resulting from deflagration might exceed the conditions for

which the safety-related equipment is designed, perhaps preventing a

successful and early termination of the accident and allowing i t to evolve

into a more severe one.
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The goal of this paper is to review and summarize the knowledge of

hydrogen-related phenoma considered in Che nuclear safety assessment of a

nuclear power plant having water-cooled nuclear reactors. This involves

reviewing experimental results from research programs worldwide, describing

analytical methods developed to provide cools for safety assessment,

evaluating engineering features for contiolling che hydrogen, and

formulating certain conclusions and recommendations. This paper does not,

however, address any regulatory and/or licensing requirements adopted or

being considered in various countries, nor does it imply or recommend

various options or approaches with respect to hydrogen.

While che information described in this paper can be used for many

purposes, the scope of this paper has some important limitations. The

numerical values presented in this paper have been chosen from an extensive

review, but are not intended to be endorsed at this time. It will be

recognized and stressed throughout che paper that uncertainties in the

treatment of many of the phenomena are large and Che appropriate treatment

of them in any application is necessry. In addition, with respect to any of

the accident sequences indentified, this paper does not address event

frequencies, the performance of containments and engineered safety features,

or implicatons for estimates of overall consequences.
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ATMOSPHERIC DISPERSION MODELLING IN NUCLEAR SAFETY

P J Cooper, W Nixon and B Y Underwood
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Wigshaw Lane, Culcheth, Warrington, WA3 4NE, England

SUMMARY

Atmospheric dispersion models have two principal uses in the field of
nuclear safety:

i consequence modelling as part of probabilistic safety assessments
(PSA) and

ii emergency response applications.

In what follows, the basic process underlying atmospheric transport and the
models used for each of these applications are briefly reviewed; this is
followed by some consideration of future trends in model development,
including the impact of Chernobyl.

The aspects which potentially influence atmospheric transport and
deposition in the nuclear safety context can, broadly speaking, be divided
into four categories:

i source related (features of the source term and release location
which influence transport),

ii windfield related (these determine the direction and strength of
the wind as. a function of space and time),

iii dispersion related (these influence the diffusion of material
about trajectories determined by the windfield) and

iv attenuation related (these influence depletion of plume
material).

Source related aspects will not be discussed further here, since they are
heavily influenced by accident/release scenario, reactor type and site
layout. The others are more general in nature and the modelling approaches
currently adopted for each are briefly reviewed below.

Accurate prediction of the windfield allows the path of released material
to be followed in detail; this can be important in certain emergency
response applications. Note, however, that some transport models do not
use detailed windfield data since they essentially consider plumes to
travel in straight lines; PSA applications tend to invoke this assumption.
A variety of methods exist for generating windfields over large areas,
including;

i interpolation of measured windfield data (in some cases this is
followed by an adjustment procedure to ensure that appropriate
physical constraints, eg conservation of mass, are satisfied),

ii determination'of (modified) geostrophic winds from pressure
fields at one or more heights, and



iii numerical solution of Che fundamental, differencial equations
governing air movements in che atmosphere.

Many models of acmospheric dispersion have been developed- These cover a
wide range of complexity and are based, co a greater or lesser excent, on
one or more of the fundamental theories of atmospheric turbulence and
diffusion. These fundamentals are embodied in, inter alia, the gradient
transfer hypothesis, Che statistical and similarity theories and second
order closure techniques. The various models spawned by these approaches
include:

i Gaussian plume models (including segmented plume and puff
models),

ii combined Gaussian/eddy diffusivity techniques,

iii Eulerian grid models,

iv particle in cell techniques,

v Monte Carlo simulation methods, and

vi second-order-closure models.

In the context of this paper, attenuation covers radioactive decay, along
wich the various processes which might physically remove material from the
airborne plume and deposit it on the ground. These removal processes are
divided into two classes, wet and dry deposition, where the latter refers
to processes which Cake place even in Che absence of rain. These phenomena
have a complex dependence on a wide range of factors (physico-chemical
nature of the pollutant, nature of che depositing surface, meteorological
conditions, etc) and simple methods exist for including them in dispersion
models.

A discussion of future crends in dispersion modelling needs to recognise
the different needs of PSA and emergency response applications. Each is
considered briefly below.

Existing PSA techniques rely heavily on Gaussian models of dispersion,
talcing advantage of che fact Chat (in computational terms) they are
relatively inexpensive. Given the uncertainty levels associated with che
end-points of PSA calculations it is likely Chat Gaussian Cechniques will
continue Co be used. However, Che next generation of PSA consequence
models (including one being developed by the UKAEA/CEGB in the UK) will
include some improved dispersion/deposition modelling. For example, new
models are likely co

i incorporate Gaussian puff models to allow an improved handling of
long duration accidental releases (> 10 hours),

ii take account of dispersion in regions wich strong copographical
features,

iii allow for different races of dry deposition on to different
surface types (eg urban deposition as compared to rural deposition),

iv take more account of the spatial and temporal distribution of
rainfall, and



v include gravitational settling of large aerosol particles.

The above developments will be influenced to some extent by the Chernobyl
accident. Information will eventually become available on wet and dry
deposition processes (particularly on how deposition in urban environments
compares with rural environments) and also on the physical and chemical
transformations which took place during downwind transport. However, it
must be appreciated that this information will be subject to considerable
uncertainty and that this must limit its influence.

In the emergency response context, a much wider range of model complexity
has been invoked (from simple Gaussian based models through to particle-in-
cell techniques). This field is set to blossom post-Chernobyl; the
apparent use of such models by the Soviet authorities, together with the
clear demonstration of widespread, cross-boundary contamination is likely
to provide the impetus for much activity. Future developments are likely
to take place in Chose models currently used for short range prediction
(these models apply out to a few tens of km and are intended to aid
decisions on countermeasures which need to be taken quickly, eg evacuation)
and those applicable over larger distances (where countermeasures such as
banning of foodstuffs apply and where decisions can be taken over a longer
timescale). Developments will include modelling of topographical features
and coastal effects (especially for short range models) and more detailed
modelling of long range trajectories. However, in the authors' view,
consideration needs to be given to the complexity of model required for
each application before any further developments take place. For example,
it is questionable whether detailed, complex dispersion modelling is needed
at long range, given that there will be considerable uncertainty in the
magnitude and nature of the release, that countermeasures decisions need
not be taken immediately and that such decisions will, in any case, be
based on monitoring data rather than model predictions.

In conclusion, much model development work will take place in the coming
years in the field of atmospheric dispersion. Some of this work will be
influenced by Chernobyl, although the exact nature of this influence is not
clear and may, in some cases, be minimal. The largest impact of Chernobyl
is likely to be in the area of emergency response applications, although
(for reasons noted earlier) the authors feel that such projects need
careful, detailed planning before being initiated.
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CONFIDENCE IN FUEL CHANNEL COMPONENTS

B.A.Cheadle

ABSTRACT

The basic design of the fuel channel has not altered since Douglas Point
which was designed in the early 1960's. The pressure tube material has
changed from Zircaloy-2 to Zr-1.5 Nb, the calandria tubes are all
Zircaloy-2 and the end fittings are all AISI 403SS. However their
fabrication and Non Destructive Examination have been continually developed
and improved. The operating environment for the pressure tube has become
more severe as the reactor has been developed. The coolant pressure has
increased from 9.65 MPa to 11.1 MPa and the outlet temperature from 300C to
313C. The two factors that can limit the operating lives of the fuel
channel components are dimensional stability and fitness for service.
Fitness for service is affected by oxidation and hydrogen pickup, thermal
gradients, fuel bundle wear, delayed hydride cracking and flaw tolerance.

The enhancement of creep by neutron irradiation was first observed in the
early 1960's. The phenomena of irradiation growth of zirconium alloys was
first reported in 1961 but the magnitude of the effect was not appreciated
until 1971 and engineering changes had to be made to accommodate the
unexpected elongation of the pressure tubes. Estimates of the corrosion
and hydrogen pickup of the pressure tubes have changed many times since the
196O's. The current prediction for corrosion is well within the allowance
and although the mechanism for the hydrogen pickup is not yet fully
understood the predicted pickup for Zr-2.5 Nb tubes should not affect their
service life. If garter spring spacers are not in position and the
pressure tube contacts the calandria tube then a thermal gradient is
introduced in the pressure tube. If the hydrogen concentration is
sufficiently high hydride blisters can form as occurred in the Zircaloy-2
pressure tubes in Pickering Unit 2. If the blisters are large enough they
can initiate delayed hydride cracking and failure.

The properties of all the fuel channel components change during service due
to stress, temperature, irradiation, corrosion and hydrogen pickup. These
result in an increase in strength and a reduction in ductility and flaw
tolerance. However the service record of the components has been
excellent. Only the pressure tubes have given any problems and no pressure
tube operating in its design conditions has given any problem and had to ba
removed.

Examination and testing of components removed from power reactors confirms
that if they are operating as designed they should all exceed their design
lives. Confidence in our assessments will be improved by our extensive
test program and Ontario Hydro's surveillance program.
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PRESSURE TUBE PROCUREMENT FOR CANDU REACTORS
by

E.G. Price, 5. Venkatapathi

ABSTRACT

-re-.:?ure tubes are the in-core components of the CANDU
reactor subjected to operating conditions involving high
temperature, high flux and relatively high pressures. The
quality of these tubes is required to meet strict standards
outlined in relevant specifications.

The specifications governing pressure tube production cover
processing requirements to a greater degree than usual
material specifications. This is because the behaviour of
the pressure tubes in-reactor. particularly in the area of
creep and growth, are influenced by the different modes of
processing.

Pressure tube production is a five stage effort. These
stages involve consolidation, ingot reduction, hot extrusion,
cald reduction and finishing. The procurement e-ffort
involves three organizations at four different plant
locations. A specification has typically covered production
to the cold reduction stage and a separate specification the
finishing stage. However a separate specification for supply
covering the stages to hot extrusion has allowed some
'legibility in supply to be developed.

cr<-duct development in the period 1979-82 resulted in a
flexibility of processing to be demonstrated. Thus the use
of one of those options in the future is likely to be of
: ijnif:cant benefit to the CANDU program.

Changs* in manufacturing routes are accepted after evaluation
which may cr may not include in-r&3ctar testing. Such
'esling is based an a judgement of tfie potential effect a*
•-,uch changes r-.n the three main material parameters in the
• 'bes texturu, grain structure and dislocation density.
'Uese influence the cjross proper 11 f?*s oi c-sep and growth.
iracture resistance from delayed hydride cracking and
•Mtic.il cracu length.

'lie paper will review the requiri»ment«. plated an changes in
f-»br I r. tit l on e: tN<ar process or supplier r<i>lati>d, and hen thut-e
.- c» •»•. .il u t -> ! i... .(si., . i r r e p f r i n c i 1 f o r t ̂  •>• ;nr i^,..



Abstract of Paper to be presented at CNA/CNS Conference, Saint John, SB
June 14-18, 1987

TITLE: Corrosion Performance of Zr-2.5 wt% Nb Pressure Tubes in Operating
CANDU Nuclear Reactors at Ontario Hydro

AUTHORS: B.D. Warr, P.C. Lichtenberger, Ontario Hydro Research
Division, Ontario, Canada

ABSTRACT

Predictions of equivalent hydrogen levels in operating reactor pressure
tubes are required for planning of long-term reactor maintenance
decisions. In order to monitor the progress of corrosion and deuterium
pickup in operating reactor pressure tubes and plan maintenance
strategies, Ontario Hydro (in conjunction with Atomic Energy of Canada
Ltd.) has in place a continuing program of inspection and research.
Results of measurements of oxide thicknesses and deuterium
concentrations In the body of operating Zr-2.5 "wt% Nb pressure tubes
removed from Ontario Hydro CANDU reactors are presented. A computer
data base has been established consisting of all data from the body of
removed pressure tubes. Using this data base a methodology has been
developed to analyze and interpret the data. The influence of trace
impurities in corrosion performance is reviewed. Potential areas for
improving pressure tube specifications arising from analysis of data
from removed pressure tubes and supporting research programs are also
presented.



ATOMIC ENERGY OF CANADA LIMITED

FUEL CHANNEL NDT
- STATUS OF CRKL ACTIVITIES -

G. Van Drunen

This paper summarizes developments in fuel channel inspection technology
since the Fuel Channel Technology Seminar held at Oakville in 1985, November.
Substantial progress has been made in several areas.

Manufacturing inspection of new pressure Cubes has been upgraded to
include high sensitivity eddy current inspection of both ID and OD surfaces.
Tils capability has now also been demonstrated for inspection of ID surfaces
in installed pressure tubes. A program to quantify the reliability of
present manufacturing inspection is well underway and should help define the
need for further improvements.

Automated garter spring location received considerable effort over the
past two years. The eddy current inspection sub-system of SLAR, which
determines garcar spring location and orientation (tilt) as well as pressure
tube to calandria tube gap, was developed at CRNL. In addition, an automated
system has been developed as part of the tooling for retubing Pickering 1 and
2. It provides a complete QA record of both rolled joints and all garter
springs in about 6 minutes per channel with minimal operator involvement.

Oxide thickness along pressure tubes in operational reactors provides a
measure of corrosion rate and an indirect indication of hydrogen pick-up. An
eddy current technique has been developed and evaluated in trials at
Pickering, Pt. Lepreau and NPD. It appears capable of determining oxide
thickness to an accuracy of +5 microns in unhoned tubes. The aajor
limitation to higher precision is attributed to surface roughness effects.

An *JDT facility for active pressure tube specimens has been established
in the NRX fuel bays at CRNL. It includes precision in-tube inspection
equipment as well as four blistered tubes from Pickering 1. Plans for this
facility include:

- further refine oxide thickness measurement techniques,
- identify optimized NDT procedures and equipment for hydride blisters,
and

- develop direct methods for measurement of hydrogen/deuterium
concentration.

Components & Instrumentation Pivision
Nondestructive Testing Development Branch

Chalk River N'uclear Laboratories
CHALK RIVER, Ontario KOJ 1J0

1987 FERRUARY



PROGRESS ON AN EXPERIMENTAL PROGRAM
. TO DETERMINE THE CONSEQUENCES OF PRESSURE TU3E

RUPTURE IN CANDU REACTORS

G.I. Kadaller
Westinghouse Canada Inc.

P.O. Box 510
Hamilton, Ontario

L8N 3K2

A.P. Muzumdar
Ontario Hydro

700 University Avenue
Toronto, Ontario

M5G 1X6

An experimental program to determine the consequences of pressure tube
rupture in a full-scale CANDU fuel channel and to provide sufficient data to
assess the ability of reactor caiandria tubes to survive the transient
loading following pressure tube rupture is underway. This program is being
carried at Westinghouse under funding from COG-Candev. The first phase of
the program* used 5 mm and 2.5 mm thick stainiess steel caiandria tubes.
Four tests have been carried out in the second phase where prototypical Zr-2
caiandria tubes were used. The results show that the degree of coolant
subcooiing and the mechanical properties of the caiandria tube are the main
factors affecting the magnitude of overpressure in the annulus and hence the
ability of the caiandria tube to sustain the loading. The mechanical
properties of the pressure tube (ductility) determine the crack propagation
velocity which determines whether local deformations occur in the caiandria
tube at the garter spring positions.

The experimental apparatus consisted of a high pressure (11 MPa) test
ioop capable of circulating and heating the coolant to the required test
condition, a large ^2ma) supply vessel and a full-scale (6 m) 3ruce reactor
type fuel channel assembly with a complete simulation of the annular gas
space and bellows. The pressure tube for each test was pre-defected to
burst at the required test pressure and its mechanical properties were
controlled by hydriding or additional grooving to simulate less ductile
conditions. The caiandria tubes were installed in the end shield tanks with
fixed ends which allowed axial tensile preloading. A moderator tank and end
shield cooling tanks surrounded the caiandria tube and lattice tubes
respectively. A schematic of the test apparatus is shown in Figure i.

The instrumentation used in each test included thermocouples to measure
ioop and caiandria tube temperatures, pressure transducers to monitor ioop.
pressure tube and caiandria tube pressure transients, strain gauges to
measure caiandria tube strain and load cells to measure the transient axial
loading of the caiandria tube. The signals were recorded on a high speed (1
kHz) computer data acquisition system.

A typical test procedure involved heating the instrumented test assembly
to the test temperature by circulating coolant through the loop. During
this time a 2 MPa oressure was maintained in the caiandria annuius. the data



acquisition system was checked, nitrogen was introduced into the supply
tank, and the loop pressure was increased to 1 MPa below the design burst
pressure of the defected pressure tube. When the loop cooiant reached the
required test temperature the warm-up loop was isolated from the supply tank
and test assembly, the data acquisition system was started and the caiandria
annulus was depressurized. The supply tank pressure was raised to the
pressure tube design burst pressure by adding nitrogen. If the pressure
tube did not burst the gas annulus was repressurized and the loop was heated
to a higher temperature and increased pressure to maintain the required test
subcooling and the process was repeated. When the pressure tube burst, a
pressure rise occurred in the caiandria tube annulus and approximately 0.5
seconds later the bellows burst discharging flashing coolant. Two seconds
after the pressure in the caiandria annulus exceeded 3 MPa the computer
closed the feeder isolating valve and the test was completed.

The test conditions for the four tests conducted in Phase 2 are presented
in Table 1. In each of the four tests the Zr-2 caiandria tubes survived the
pressure tube burst and absorbed the excess waterhammer energy through
permanent strain ('!%). The ability of the caiandria tube to survive the
overpressure is determined by its yield strength and work hardening and high
strain rate ductility properties. The axial location of the initial
pressure tube opening had little effect on the resulting waterhammer
pressure. The mechanical condition of the pressure tube and the position of
the garter springs relative to the initial defect determine whether the
garter springs maintain their initial positions or are blown towards the end
shields.

Reference

1 Muzumdar. A.P.. Hadalier. G.I., Chase. R., "Experimental Program to
Determine Che Consequences of Pressure Tube Rupture in CAKDU Reactors".
presented at the Thermai Reactor Safety Meeting, San Diego. California.
February 1986.



TABLE 1
TEST CONDITIONS

Test No.

Supply Tank (MPa)
Pressure

Coolant (°C)
Temp.

Subcooling (°K)

Pressure Tube
Condition

C.T. Dia. Strain at
Garter Spring(S)

6

8.5

256

42

hydrided(160
over 3 m
defect at
centre

3.95

7

8.5

251

50

ppra) Double
side
groove
defect at
centre

1.0

8

8.6

271

29

Double
side
groove
defect at
end fitting

2.2

9

7.7

251

41

Double
side
groove
defect at
centre

0.66

Average Calandria 0.70
Dia. Strain(%)

P.T. Crack (m) 2.75
Length

1.1

4.18

0.75

5.78

0.6

0.97
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THE BEHAVIOUR OF THE CANDU CALANDRIA TUBES

C.E. Ells*, C.E. Coleman*. V. Fidleris* and E.T.C Ho3

* Atomic Energy of Canada Limited

' Ontario Hydro Research Division

The calandria tube in the CANDU reactors isolates the D2O moderator from
the relatively hot D2O primary coolant. In normal reactor operation
contact between pressure tube and calandria tube is prevented by a spacer,
the 'garter spring'. The annulus thus formed between the tubes contains
nitrogen or carbon dioxide, at approximately atmospheric pressure. The
total fuel channel is loaded from the fuel and primary coolant, and over
most of the reactor life the sag resistance of the channel is provided by
the creep resistance of the calandria tube. During normal reactor
operation the calandria tube temperature is typically about 80°C, with a
peak neutron flux of about 3 x 1 0 ^ n/râ .s; the tensile stress is
sufficiently low, 40 MPa, that in the absence of neutron irradiation
negligible creep deformation would occur. The intent of this paper is to
summarize the knowledge we have gained on the behaviour of the CANDU
calandria tubes, and present a prognosis of future behaviour.

The calandria tubes are made of Zircaloy-2, fabricated by seam welding
brake-formed sheet. In the final stages of fabrication the tubes are
annealed at about 750°C, which is sufficient to result in a fully annealed
condition. However, a final sizing and straightening operation introduces
up to about 1.5% cold work. Because tubes have been made by three
different companies, and with different starting Zircaloy-2 strip, the 22
CANDU reactors (excluding those in India) use eight potentially different
types of tubes. Thus there are variations in the tensile strength of the
as-installed tubes but, of more importance, there are probable variations
in the in-reactor deformation.

The in-reactor behaviour of the calandria tubes has been exemplary. No
tubes have failed in any manner during normal reactor operation and, in the
Pickering-2 G-16 incident, the calandria tube sustained the full pressure
of the primary coolant. The calandria tube failed when the pressure tube
of Bruce 2 N06 ruptured, but the tube probably was stressed to well above
the value of the UTS. That the G-16 tube withstood coolant pressure
assisted in minimizing the deleterious effects of the incident, and sparked
interest in obtaining additional information on the calandria tube
deformation at comparatively fast, e.g. 10"^ s"*, strain rates.

Three calandria tubes have been removed from CANDU reactors, viz.

Pickering-2 G16 - following pressure tube failure



Pickering-2 K13 - to confirm good properties on an unstressed tube

Bruce-2 N06 - following failure of both pressure tube and calandria
tube.

Tensile properties have been measured in uniaxial tests on material from
each of these tubes, at

- strain rates in the range 10"^ - 10°-6 s'1

- temperatures in the range RT -• 300 "C

The tubes have strengthened during irradiation by an amount which would
have been predicted from the literature, and retained the predicted good
ductility. The tubes from G16 and K13 have been evaluated using internally
pressurized burst tests, and the results correlated with the uniaxial
results via standard texture hardening theory. That the tubes in-reactor
are stressed in a fixed-end condition materially adds to the pressure of
primary coolant they can withstand.

The unirradiated calandria tube material is very resistant to delayed
hydride cracking; several attempts to initiate this failure mode in small
specimens have been unsuccessful. Similarly, attempts to propagate crack
in full diameter sections of the tube at stress/temperature regimes below
which extensive creep can occur have not been successful. Data from the
tubes removed from the reactors show that the deuterium pickup in-reactor
is negligible. Calculations based on fatigue data in the literature
indicate no fatigue problem will ccur in-reactor.

Neutron irradiation can be expected to cause dimensional changes even in
the absence of an applied stress (termed "growth") and elongation in
particular could cause varying stresses in the reactor end shield. This
concern was underlined by U.K. growth results that implied the rate of
length change could accelerate when some fluence at about mid reactor life
was reached. An extensive program on irradiation of specimens in the high
flux test facilities in ATR, which has now taken some material to a fluence
equivalent to 30 years in CANDU, has shown that the calandria tubes are
unlikely to exhibit any acceleration in length change. Rather, predicted
length changes are well within acceptable limits. Some creep data are
available to enable predictions of sag; the data base is being expanded.

The calandria tubes in the CANDU reactors have met or exceeded all Che
design expectations, on strength, and continued good behaviour is
confidently predicted. Work is in hand to enable confident predictions of
the deformation in-reactor.
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Tha Failura o-f tha Prassurs Tube in Fuel Channel N06
af Bruce A Unit 2 in March 1996

S.J.Field, Nuclear Systems Dept
M. W.Shanahan, Central Nuclear Services

Early in the morning o-f March 26 19S£ The Eruce unit 2 rsactnr
poisoned cut dua to a moderator purification problem. A-ftsr an
unsuccessful booster rod recovery attampt, the unit was shut io&r. and
held at 245 deg.C and S.S MPa. Gn Karen 27th the annul us gas system
instrumentation indicatad a potential leak in a prsssure tube.

The leak rsts increased slowly to 7 kgs/hr c<j.rin.q ths day and tha
unit was cooled and daprassurised by S.30 pm on tha 27th March. An
acoustic emission leak search was stsrtad on tha .2Sth March fcy
pressurising tha system in the ccld stata.Tha prassurs tubs in fuel
channel IMO& ruptured at 11.-33 am when the prassurs in tha system
reached 3.4 MPa. Analysis o-f tha performance o- ths moderator system,
•fallowing the rupture, showed that tha cslandria tubs h=d also
"•uptursd.

First TV pictures -from the pressure tube a:;a*iination revealsd a
-rack running almost ths complete length o-f ths tuba with ssvaral -fuel
psrciis trapped in it, ons preventing ths TV ca.nari r̂-r.n e:;a.nir.i ~g ;n3
full length o-f tha pressure tuba.

Clossr rsviaw rs-/<ss,lsfi a lone; 'peeled' ar = = at ths sv.tlst rolled
joirt which .-asamblad paint peeling -frcm a w«i 1. T'-sre -isre ether
•_-s;;pactad marks seen in the pressure tube but none jusra trough- ;•- -s
;s signi-fleant as tha 'paeled' Ares..

Removal c-f the pressure tuba gave a-rcass to rr= calsrd-15 tusa
i.r.d =. T'J s:<3ffl:;-tc.tiji" rsvsalsd a crack «hich rsr the -?•. II i=-gt~ r-f tre
:..J3. *'-•£ zrs-.c'y- -HS.S -a"1/ etrsigrt suggesting tie*. t~= t_zs ~ = i -s.-.Iri

"•'•a p r e s s u r s t u b a , f o l l c w i n g i t ' 3 -3-:•/?.! •::~z.r. i~~ ::.-=. .•.•.5 =

s'"i;-pad t-r Chal • Ri . er f-lt.. clear L^-cra'ciss ; J - i = :;;; =; -a ;.-•-•; ti ;.-.
Iz >i'5s -oj.:,-j t3 contain 3 ci-sri-' ;.icut 3.3 ™:=t:" = = \z~z ~%; "?r"~ .-~ - — r~

E:; a.nir: =ti D- cf t!"a --art..." a -surrscss i- :-= -;'.".-?c ;---- --'--. r~
•S',sal=d a I--".; !l=x s.sscriatrd with tre p:r-=Iei =.<-.---?c•=. """ = ;• r-?r=s
-•- tha -law »:=rs l-savi'.1/ r:dc:5=c! =ugg-=-=t i - - a : : - . - ; j : :- ~ i-r =.-.=-.
"'13 rest ^^ ths f'.aw '-3J p-c^egstse by ;als'; ;•: •.-.-":. r= c-r;' :."•;.



a. a lap originated daring ths manu-f scturing process and
remained undatsctsd.

b. ths lap surfaces corroded during ths subsequent years s-f
cperation and a -Flaw grew to a depth o-r about 1 srm.

c. during service, DHC crs-rks initiated at tha root o-f the
carrodsd flaw and grew through the wall until leakage occurred.
Multiple initiation sites laad to the tzr&zk being longer than
experienced in previous railed joint -Failures when ths leakage
started.

d. ths leak was detected and the reactor shut down to a cold
depressurisad" stats.

a. during the cold pressurization, to locate ths Isski-g
tubs, ths crsck was long enough to became critical at 3.4 r'lr'a and
about SO dsg.C. It failsd and ths crack ran along ths ti-ibs resulting
in the 3.3 as -final crack.

•f. ths rapid -filling of ths calandria tuba with ccld water
q&r.araited a watsrha.umar surge sufficient to rupture ths tuba.

Ths prassura tuba and calandria tube wsra replaced. The rssults
-rcm several othsr pressure tubs axami nations indicated that thsra was
3 vary low probability of a similar event occurring and bha unit was
placed back in service on the 1st August 19S6.
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OPERATIONAL SAFETY MANAGEMENT AT POINT LEPREAU GENERATING STATION

Dale Weeks and David Wilson

N.B. Power, Nuclear Operations Group, Point Lepreau, Generating Station

********************************************************

Summary

The disaster that occured at Unit 4 of the Chernobyl Nuclear Power
Plant on April 28th, 1986 had a profound effect on the Nuclear Industry
throughout the world. Perhaps one of the most significant lessons to be
learned from that incident and the international response to it is that
there remains both nationally and internationally a broad base of
misunderstanding of how other groups in the industry operate; their role
in the industry, and their viewpoint based on history and experience.
It is a most unfortunate aspect of human nature, yet most disasters are
the result of people failing to learn from the experience of others; or
of ignoring obvious dangers because the. "safe" solution is embarrassing
politically or "expensive". The cost of the disaster in both human and
economic terms is frequently many thousands of times greater than the
cost that the safe fix would have been.

The objective of this paper is to provide other groups in the
Canadian Nuclear Industry with some of the details of Operational Safety
Management and what has recently been dubbed the "nuclear safety
culture" as practiced at Point Lepreau Generating Station. We cannot
review our practices in light of the Chernobyl incident in the depth we
would prefer, due to lack of information on the Soviet practices for
comparison. The Soviet report on the incident apparently received most
of its input from Designers and Academics, as did our reports and review
of the incident. We have seen many reports based on comparison of only
the basic design features.

Our contribution is to describe the Operational Safety Management
process at Point Lepreau Generating Station and to encourage others with
similar backgrounds to do the same. No one has to our knowledge yet
done a detailed review of Operational Safety Management practices on a
broad basis. It is hoped that exchange of this type of information,
which has previously rarely been presented in this type of forum, will
help to diminish the levels of misunderstanding within the industry. If
an international exchange of Operational Safety Management practice
information could be added to the current Design and Safety Analysis
reviews to be conducted under the auspices of IAEA, then perhaps the
potential for recurrences of Chernobyl type events can be minimized.

Within the first few days and weeks after the Chernobyl incident,
it was somewhat disappointing to watch as spokesman after spokesman went
on-air, without really knowing what happened, saying "it can't happen
here because our DESIGN is so much safer". Mose of them are. But the
reasons given Internationally showed an almost desperate
misunderstanding of reactor designs beyond the boundaries of the
spokesman's own national interest. Almost universally there was a



failure to recognize that design differences are not the whole story.
There is an urgent need to develop a broader view of the potential
contributors to accidents and to include an assessment of Operational
Safety Management practices when reviewing problems that others have.

Immediately after the accident, the Americans appeared to blame it
on the lack of Containment, pressure tubes instead of thick pressure
vessels, positive void coefficients and on-power refuelling. Not a word
on separation of safety and regulating systems, because of US practice.

The British started blaming it on pressure tubes and positive void
coefficients. Not a word about containment, or on-line refuelling
because of UK practice.

Canadians started blaming it on the lack of containment, failure
to have two independent fast acting safety shutdown systems; and of
course started defending on-line re-fuelling, pressure tubes and
controlled positive void coefficients, because of our own national
interest.

The Soviet investigators, composed of politicians, academics,
scientists and engineers looked at their own industry and national
interest and followed the western lead. They defended their design, in
principle, and blamed the Operators.

Now, as the dust settles and more, but not all, is known about the
incident, there are still remnants of those original statements
lingering in everyone's mind. But there remain a whole host of issues
which warrant comparison before we go off and change the way we operate
in Canada, just as you would expect before you would suggest installing
SDS3 and SDS4. We must not rush off and do "something" to Operations
because of Chernobyl. We must look at the right things and identify
real problems, if there are any, which we have in common with Chernobyl,
and fix those. To do this from an Operations viewpoint we need to look
at Operational Safety Management practices, Human Factors, Lines of
authority on shift, layout of controls, presentation of data to
operators. Much of this detail of Chernobyl remains unknown to us as
yet. Without it we may never learn the right lessons from Chernobyl.
The "something" we end up doing to appease the critics may be just as
irrelevant as would be backfitting an SDS3.

In Canada we did not miraculously come up with a perfect design.
We learned the hard way about loss of regulation and the need for fast
acting independent shutdown systems at NRX in 1952. We learned the
expensive way about difficult to control positive void coefficients and
direct cycle systems at Gentilly-1. We learned many other lessons on
the way with Operational problems and incidents at CANDU stations both
at home and overseas. Yet many of the younger people in today's
industry have not yet felt it their responsibility to investigate the
history and operating experience behind today's designs.

There is also a less than Optimum understanding of how today's
CANDUs are operated day by day. Our presentation will attempt to remedy
some of these misunderstandings by discussing details of Operational



Safety Management at Point Lepreau Generating Station.

We will discuss briefly the Station Organization, who is in charge
of operation and the resources and manpower available to address
problems of various natures and magnitudes. We will discuss Operating
Policies and Principles, Operating Licence requirements and Operating
Procedures which govern the "operating safety culture". We will discuss
Work Control and the process of review and approval for Work Plans for
tests in off-normal configurations, and the expertise and training
required for those who review and approve design changes.
Implementation of new procedures and nou-regular work at the station.

We will also discuss layout and nature of controls in the plant,
both in the Main Control Room, SCA and in the field, in regard to both
ease of operation and the precautions taken to avoid inappropriate
action under stressful situations. This will include the potential for
operators being "set-up" in a conventional safety sense by poor design
in these areas.

We will also touch on an important area which is most often
overlooked, flexibility of response. As an industry we think we have
identified the most significant and serious potential accidents and
provides appropriate defences. As a consequence it is reasonable to
assume that the most difficult accident to manage and the most
potentially serious for the plant, is the incident we did not expect.
We will discuss the training and resources available and needed to cope
with the unexpected.

Our overall Safety Culture philosophy is to minimize risk. We
recognize that everyone makes mistakes. Thus we must minimize the
consequences of a single mistake, and maximize (by critical review)
chances that a mistake will be recognized and corrected before it is
compounded. Overlapping responsibilities and the encouragement and
acceptance of critical review are part of the Safety Culture. This
minimizes the chances of problems falling between the gaps that sometimes
occur with rigid division and definition of individual responsibilities.

We are also guilty of the same problem of being slow to learn from
our own mistakes and those of others. But we are constantly reviewing
our methods in light of experience. We would encourage a broader
exchange of information on Operational Safety Management to allow us to
continue to improve our own methods.



SUITABILITY STUDY OF ON-LINE CONTAINMENT LEAK TESTS
FOR CANDU SINGLE-UNIT CONTAINMENT BUILDINGS

J.F. Lafortune, C.A. McDevitt, S. Poolpol
University of New Brunswick

P.O. Box 4400, Fredericton, N.B.
E3B 5A3

One of the safety features of a CANDU reactor is the containment building in
which it is housed. The integrity of this building is tested every five years at full-
pressure. An on-line test could be performed more frequently and reduce the risk of
long term unavailability of the containment system.

The measured leak rate for a single-unit containment building must not
exceed 0.5% of the contained air volume per day, at the design pressure of 124 kPag.
Previously proposed on-line tests (1, 2) are either qualitative or incapable of detecting
small leak rates with a reasonable accuracy. The most widely used method is based
on a mass balance around the building, carried out at a slight negative or positive
pressure. The measured leak rate is then related to that at full pressure.

The detection of very small leaks with this method is limited by the accuracy
of the instruments used. Because the calculation is based on a difference in contained
air mass, it follows that longer test periods are required in order to obtain a precise
estimate. However, longer on-line tests must account for some operational factors
which will affect the mass balance. Access through airlocks and the refueling
operation are of particular concern. Other factors include the instrument air supply. :ne
ventilation and the heavy-water recovery systems, as well as inherent ambiam
pressure and temperature gradients.

The test procedure proposed allows for longer test durations while
minimizing the operational errors. The test is to be carried out at constant pressure.
The desired pressure is initially reached and subsequently held by controlling and
monitoring the air flows in and out of the containment building. The contained air mass
is estimated using pressure, temperature and relative humidity cata cci:ectea.
Measured changes in mass, integrated over time, are used to calculate the leak rate by
regression analysis. The operation of airlocks and of the fueling machine are recordea
and a calculated correction is applied (see figure 1).

A theoretical error analysis based on published instrumentation errors
shows the effect of test parameters on the expected accuracy. Test pressures between
-20 and +20 kPag, and durations of up to five days were considered. The results are



summarized in figure 2, where the minimum detectable leak rate has'a 50% error with
95% confidence. It is shown that a leak rate of 0.5% per day cannot be detected in less
than five days. A test of less than one day could only measure leaks in excess of 5%
per day. However, 1% per day is detectable at 15 to 20 kPag in two to three days. This
represents a compromise between short tests with low accuracy and long tests with
low theoretical errors but with operational uncertainties.

Much of the error is introduced by flow measurement. The only essential air
feed is the instrument air. A closed loop system would eliminate the need to measure
flows. This would reduce the time required to detect a 0.5% per day leak to only 12
hours.
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DEVELOPMENT OF A FUEL CHANNEL
REPLACEMENT PROGRAM
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The objective of a fuel channel replacement program is to remove
the fuel channel(s) and install another one in such a fashion that
worker safety (both conventional and radiological), satisfactory
quality of workmanship, minimum outage time and minimum outage cose
are realized.

Mar.y parameters must be considered when developing a fuel channel
replacement program. The relative weighing of these parameters de-
pend on whether it is single fuel channel replacement (SFCR), multi-
fuel channel replacement (MFCS - approximately 2P fuel channels) or
large scale fuel channel replacement (LSFCR - anything exceeding y.FC? ;•
and also on the reasons why the fuel channel(s) nu3t be replaced. The
parameters are :

(a) Radiation safety

(£> Conventional safety

<r• Quality control

(.5) TiiK retirements

( = • ."ancower requirements

(f• Point of m-vauit flashing and waste manager.er.t

igi Tooling requirements

(h) Tool proving

(i1 Moc.l:ups required

' j ) "a-:power training

1'•'.. T;tl rspair'd€--or.t=nr. = tior. I storaj?- :"iri. :::e =

(1 Of s-rs:ior.= wc-rt: c.sr.s.



Radiological safety along with conventional safety are the most
important cor.sideratic.-.s in any fuel channel replacement 30b. Shield-
ing, decontamination, radiation nomtormg, and distance from radia-
tion source are ail used to minimize worker exposure. Generally speak-
ing the more fuel channels that need replacing the lower the working
area radiation fields need to be in order to not have workers exceed
their quarterly and annual radiation dose targets. Adherence to safety
standards and worker protection codes protect workers against indus-
trial injury.

A good quality control program is vital to any reactor face job.
QC is more extensive and formal for larger projects due to the repet-
itive nature and thus the greater risk for human error.

Time requirements and associated scheduling are always tight and
require continuous monitoring during small and large retube jobs. The
normally high demand for the lost grid power and the cost of replace-
ment energy make it imperative for the outage to be as short as pos-
sible.

The magnitude of a retube job will dictate manpower requirements.
For SFCR, station Operations will use its own people to prepare de-
tailed work plans, activate tooling and perform the reactor face
w:rx. In L5FC?., Operations will have considerable assistance from
or.-site construction personnel, outside trades, head office technical
staff and consultants. In this way Operations can maintain adequate
manpower support to their two top priorities, that of keeping the re-
naming operating units in service and putting others back into ser-
vice following routine maintenance or a forced outage.

Disposal of the irradiated corr.oor.ents requires a vast ir.inager.ent
systfc- with low turnaround time and high car.anv.- if s whole reactcr
requires retuiing. Pcir.t of flaskir.g of irradiated components when
t.-.£v are removed frcrr the reactor is normeliv done at the reactor
fare 1.-. 57 C?. Ir, LSFC? , the unshielded cz.~z0r.~r.z5 are re."-sly h;isT-
ei down to the vault floor and flaskei so tr.s" high c-roa-rticr. rate?
car. be a;nieved.

Substantial tctimg is required for fuel channel re: lacs.r-.er.: .
?ne functional requirement cf seme removal tcclmg car: r.~ quite ce-
randmg depending on whether tr.e fuel cr.ar.nel is sti-_ intact a? is
ncrr.aliy the case in MFCR/L5FC?. or if the fuel channel .-. = = failei ir.
5 gross fashion which often can complicate its removal durmi 3~Z?-.
L'se of automated/remote tooling is emphasised in M F " 'L5FCS m order
tc reduce outage, worker radiation dose and manpower requirersr.ts.
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In relation to tool requirements, considerable tcc-1 proving is
needed on any new tooling or equipment before it car. be used or. the
reactor face. Tool proving effort is proportional to the size sr.i
complexity of the tool set, including spares. Most of tha tool check-
outs are performed on rnockups; interfacing compliance with other tools/
equipment is verified at this time as well.

Mockups are used extensively in fuel channel replacement to train
crews on the tools/equipment and in rehearsing the different reactor
face retube operations. The size of the mockups can range from a
Single fuel channel end fitting/end shield mockup for STCR to a full
blown mockup of the reactor building vault layout for LSFCR project.

Existing (active/non-active) machine shop/decontamination and stcr-
age facilities at the station are sufficient in handling a SFC?. reactor
outage. However for LSFCR, additional dedicated facilities are normal-
ly required to provide adequate support to the large complement of
tooling. Insufficient tool repair capacity can rapidly affect LSrCK
critical path.

On-reactor face work and training activities are co-ordinated by var-
ious Operations work plans which are based upon the abovs parameters.
MFCR/LSFCR require more extensive work plan support over a longer dur-
ation than does SFCR.
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Since the TMI-2 accident in 1979 (Reference 1), all western
countries with significant nuclear electricity supply programmes
have recognized the benefits of a symptoms oriented approach f:r
operator response to and actions following severe plant upsets
(References 2 thru 10). Most have, in one way or another,
implemented symptoms based Emergency Operating Procedures (EOPs)
vnich attempt to measure acceptable plant response by aonitori^cr
-r.e general status of the plant. That iispiementa z: an has three
ccanon features: •

i ) Major plant functions must be addressed.
3) The major functions can be described ay <* rev parameters.
3) Continuous monitoring of ana response to tr.e overall status

of the plant.

There are two purportedly different approaches being
developed and implemented - the State approach (References 4, 3,
and 10) and the Safety Function approach (References 5, 6, 7).
Conceptually, the latter is a derivative of the former, since its
objective is to arrive at an acceptable plant condition. The
State approach of EdF, BSW and NBEPC is based on recognizing the
fundamental parameters which describe the acceptaole/unacceptaole
status of fuel cooling, heat removal and radioactivity confinenent

In practice, the Safety Function approach is implemented via
a parallel monitoring overview of a set of "critical safaty
functions" wnich collectively measure plant state with raspac-. -o
acequate fuei cooling, radioactive release ate. The State
approach, m practice, directly addresses essentially the same
set of parameters, without the unnecessary complication of
c» -ago rization according to subsystem design. The State accrcacr.
is founded on the hypotheses that adequate fuel cooling and heat
transport is dependent on the thermodynamic state of the primary
(Heat Transport) circuit fluid.
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Mew Brunswick Electric Power Commission's (?t. Lepreau)
approach is a pragmatic application of the State approach adopted
by 3&W and EdF. Since its inception in 1981, the i;B£PC approach
has postulated that acceptable fuel cooling, heat removal and
containment require the monitoring of and response to a limited
set of parameters. It was also recognized that those
malfunctions which produce unnacceptable responses outside the
design intent could be monitored and identified by this same set
of parameters. It was from such recognition that the REACTOR
POWER before CONTAINMENT PARAMETERS before 3OILER PRESSURE before
HT PRESSURE before PRESSURIZE?. LEVEL before BOILER LEVEL rule
arose (Reference 2). This rule provides for the assurance of an
acceptable plant condition for a wide range of upsets including
all classical design basis events. It provides the Control Room
Operator witn a standard structured response for handling any
upset, regardless of cause, and has formed the basic structure of
Operator training anc "iie Emergency Operating Procedures written
for the Point Lepreau -Generating Station (Reference 9).

The development of Emergency Operating Procedures for c.~e
?oiat Lepreau station has followed a complementary two track
structure, both tracks having a thermodynamic stats basis. One
-rack deals with plant upsets where the cause of the upset is
:s3i?:ii:ea and an zven- Specific £C? exists for :na: cause.
Typically, Event 3i!«i:io EO?s are i.i placa :z.r s'icn ere.i:s is
:-aai Computer ?9iijr», loss cr :iass Z" ?ower, Hollar "use
rii_ur«2, loss o; Co:;-ir.t Acndents, «::. T!-.e icility is ^ced:::
ar. :icipa ted plane rssssnse .s ^ -a; or advantage :; ;ves: -:ej::ic
2C?i since it peraus -.".e ojtiaizaticfn of corrective actions.
T38 study of a wide rar.ge of single equipment fauits superimposed
o.i each of the classical initiating upsets con'firmed that both
:ae upset and the superposition of additional faults can be
dinsiy addressed via tr.e parametsrs associated with reactor
power, containment and primary and secondary pressure and
inventory - now referred to as Critical Safety Parameters
iSetsrence 10).

The second track of Emergency Operating Procedure
development at ?t. lepreau is complementary to the Event Specific
EC? track in that it caters to upset conditions where

a) the Critical Safety Parameters are outside defined
acceptaoie liraits or,

s: :.Te Critical Saiszy Parameters are trending towards their
jnaccep tao la ii.T.its anc

ij the cause of the avenc is not recognized or
li) the cause is recognized but no Event Soecific EC? exists.
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Tiae "Generic" EOP demands a shutdown and addresses the
status of the heat sink by monitoring the thermoaynamic
parameters (the theraodynamic state) of the primary heat transfer
fluid and the relevant secondary heat sink. The status of these
parameters dictates acceptance, corrective action, or aborting
the existing plant configuration. Like the Event Specific EOPs,
major strategic decisions are based on a set of Critical Safety
Parameters but equipment status plays only a supporting role.

The paper illustrates the application of Event Specific
Critical Safety Parameters and discusses the Generic Critical
Safety Parameters associated with the "Boiler" heat sink
configuration and their thermal-hydraulic bases.
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AN 0VLRV1FW OF THE DEVELOPMENT
OF LEAK DETECTION MONITORING FOR
ONTARIO HYDRO NUCLEAR STATION'?

J.K. Kenchington*. P.J. Ellis and D.G. Moranda
Ontario Hydro, Toronto, Ontario

The early detection of D2O leaks from pressure tubes in the Primary
Heat Transport (PHT) system has become a consideration of importance for
Ontario Hydro nuclear reactors because of the possible consequences of a
pressure tube (PT) rupture. The original designs of the Pickering and
Eruce reactors anticipated that in the unlikely event of a pressure tube
leak that high pressure would occur in the Annulus Gas System (AGS) which
would be indicated. If the leak is sufficiently large, a significant
quantity of heavy water would be released in the vault areas and would be
indicated by changes in PHT system parameters. However, experience with
A14 and Jll pressure tubes at Bruce A. Unit 2 and F13 at Pickering A,
Unit 3 has shown that an extremely small leak may occur in the rolled
joint region of the PT that is not immediately obvious from the gross PHT
systeir. indications. Unless this small leak is detected and timely
operator action taken the crack can grow until it reaches the critical
crack, length (CCL) at which time it will become unstable and the PT can
faiTrapidly.

For those cases where there is an initial stable crack growth rate
(i.e.,: delayed hydride crack) it has been possible to redesign the AGS
for Pickering. Bruce and Darlington stations to detect and monitor the
leak rate. The redesigned AGS provides a safe shut down criterion as
well as avoiding a premature unit shut down with a small crack size that
cannot be located for repair purposes in a reasonable amount of time.

This paper provides an overview of the successive developments which have
taken place to upgrade the AGS to the requisite leak detection capability
fro", the initial conceptual thinking through to the recent installation
of equipment at Pickering and Bruce nuclear stations together with the
necessary cp^raring philosophy to achieve the design goals. A
dio;rair.-.:ic flowsheet for a typical modified AGS is shown in Figure 1
Wnicr: refer.- tc Erucs. A.

T.v: devc-io?.T;CTit of the AGS may be suirriariied as foilowz:

-:-• us.: ..-r

701 Vr.' V E r zi t y Avenue
Toro:,::.. Or.teric



• • )

- 2 -

(a) The conceptual design stage involves developing a system whereby
th£re is a continuous recirculating AGS with in-line vapour
detection. There is also the concept of liquid moisture
detection by beetles for larger leak rates to provide a wider
spectrum of leak rate detection. The collection of a liquid
moisture sample as early as possible to identify the source of
leak is another important concept.

(b) The theoretical design stage involves modelling the AGS in terras
of the fluid mechanics and vapour transport. This has been
discussed in previous papers by the authors for predicting the
dew point response. Further modelling has been carried out to
predict the beetle response to liquid moisture transport.

An experimental correlation between leak rate and crack length
data has also been used to develop a time sequence of events
following a delayed hydride crack. This lists the steps and
timing of the various stages of leak detection and operator
action against the crack size and shows the margin to the
minimum CCL when the unit reaches the cold depressurized state.

(c) The process design stage centres around the following:

(1) Hydraulic analysis for compressor/system flow rate;

(2) Compressor manifold design to prevent flow resonance?

(3) Dew point response curves allowing for maximum
discriminate leak rate and effect of gas leaks in terms of
magnitude and distribution: and

(A) Cold finger sampling for leak source determination.

(d) Tne verification stage concerns the confirmation and tuning of
the dew point arid bee-tie response moielz. AD argon tracer test
wax carried out at Bruce A, Unit 1 in December. 1562 to
determine- the circuit transit time and thus the leak detection
tir-: for a D?0 le&K. Kore extensive experimental tr.easurerr.sr.is
Vrre carriec"cut en Pickering A, Unit 1 in 19B3 to measure tr.e
response of th* AGS with tracer addition siciiatir.g & D2-
leak. Furth-rr test? wc-re carried cut in Sfpterr±>-~: I^SD =•.
Eru." ?. Ur.i: E prior to ur.jt coTrrssior.inj with trar?:

cf the hydraulic ir.odei and "tuning" data for tne dew pcin:
ir.odel. Also, tests are plam.ei on Pickering A. Unit 1 fcllowir..]
reactor retubin; for Fetruary/Ksrch. IS£7 to test the re2p0r.se
cf tr.f L" for b:th dfv p::nt £r:c misryrs i/e-:tlrr ur.ccr ccld
cr.j .'.:•: cc-iii'.ior..- d_rir.c corr-.i£.iio:.:r:.r. Z;,iz~ \.ez:s ir.vtlv-:-
actui.1 s:atior. initruircnts vhh the ir.i?:t:o:. of U'2~-.
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The present status of the Annulus Gas Systems for various stages is as
follows:

(a) Design packages for modifications have been produced for
Pickering A and B, Bruce A and B and Darlington.

(b) The above design modifications have been carried out for
Pickering A, Units 3 and 4 and Bruce A and B to date and are
about to be implemented for Pickering A. Units 1 and 2.

(c) Commissioning data have been obtained for these station AGS
modifications. These data have been analysed and further minor
modifications are planned to overcome problems which have been
identified.

(d) A generic operating procedure for the stati.ro AGS has been
developed by Nuclear Generation Division in cooperation with
Design and Development - Generation to ensure a controlled shut
down of a unit in the event of a pressure tube leak detection.
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VI3RATI0N ANALYSIS OF THE PET PIPING
SYSTEM OF POINT 'LEPHEAU NGS

K. KIKASINOVIC
Ontario Hydro

700 University Avenue
Toronto, Ontario

M5G 1X6

SUMMARY

This paper is the result of Ontario Hydro's involvement in solving Point
Lepreau's ?HZ Piping Vibration problem.

The Point Lepreau NGS is a 600 MeW CANDCJ unit and has four PKT pumps. Ir
the course of a specific mode of operation with only two pumps running a
certain amount cf heavy water flows through a stability line, which has
two orifice plates. During that mode of operation the PKT piping
experienced a level of vibration high enough to discourage the two pun?
mode of operation.

This paper presents the course of actions performed to establish a
vibration mechanism. An extensive test program to formulate the nature
of vibration and find out characteristics of the system has been
implemented. Vibration accelerations, pressure pulsations, flow rates,
system pressures and operating temperatures have been recorded. An
impact test for structural natural frequencies was utilized.

Based on the collected test data and analytical work it has been
established that the vibration is acoustically coupled vortex sneddmg a:
resonance cf a structural shell mode at the frequency of
412.5 H2 (24750 cpffi).

Ali possible solutions to remedy the problem have been discussed. Tne
r.ost practical solution to the PKT piping vibration problem is
recommended. The design criterion, for avoiding a severe vioration
caused by zr.s vertex shedding st an orifice in the staDilxty line of a
600 Msw 'Jr.it, is derivec. An overview of possible ?HT Piping vibration,
of other SGG MeW csndu units, caused by the same mechanism is discussed.

In general tne paper presents a flow induced visration case study m
which trouole-sr.ootmc has oeen possible using a simple measurement
technique and adequate theoretical interpretation with reasonable
expenses.



- _ • • »

SESSION 12

NUCLEAR TECHNOLOGY DEVELOPMENTS

CHAIRMAN: J.R. Webb, AECL

1. CANDD 600 Reactor Output Optimization
P.J. Allen
M.R. Soulard
V.C. Orpen
P'.D. Thompson

2. Principles and Techniques to Accelerate the Realization of Nuclear
Plants
P.P. Stevens-Guille
I.E. Lauchlan

3. Improved CANDU 600 Designability
N.G. Craik

4. Optimization of Darlington Tritium Removal Facility Performance:
Effects of Key Process Variables
A. Busigin
S.K. Sood

5. The Development of Industrial Linacs with the Capacity to Open New
Horizons for Electron Processing
A.J. Stirling

6. The SLOWPOKE-2 Facility at the Royal Military College: Improved
Performance and Versatility
P.A. Beeley
L.S.I. Bennett
H.W. Bonin
L.S. Fisher
L.S. Wright



r

CANDU 600 REACTOR OUTPUT OPTIMIZATION

by

P.J. Allen, M.R. Soulard, V.C. Orpen
Atomic Energy of Canada Ltd., CANDU Operations,

Sheridan Park Research Community,
Mississauga, Ont., LSK 1B2

and

P.D. Thompson,
Nuclear Operations Group, Pt. Lepreau G.S.,
New Brunswick Electric Power Commission

SUMMARY

Atomic Energy of Canada Limited - CANDU Operations has
undertaken a wide ranging development program with the primary aim of
reducing specific capital cost and reducing plant construction duration.
One of the most attractive and effective ways of reducing specific
capital cost is to increase the plant output, particularly when the
increased output can be accomplished with minimal increased plant cost
and no effect on plant reliability or safety. The results of study of
this concept for the CANDU-600 plants showed that increases in output of
up to 17% relative to the Lepreau-1 and Wolsung-1 CANDU 600 design are
readily achievable based on proven technology.

1. DESIGN APPROACH

The approach taken during the design of the uprated CANDU 600
was to keep the design parameters to the extent possible within the
range of proven CANDU design, manufacturing, testing and operating
experience. This paper will review the design parameters within this
context. Improvements beyond this range are feasible but a conservative
approach was taken to maximize plant reliability and safety. Two
parameters are of major importance and are discussed in the following
sections.

1.1 MAXIMUM FUEL BUNDLE POWER

At present, maximum fuel bundle powers in CANDU are
experienced in the Bruce A Nuclear Generating Station. Bruce A has a
licence limit of 1035 kW for bundle power with maximum bundle power
typically at about 975 kW for full power operation. The Bruce plant has

870020/D5 - 1 -
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had good fuel performance at these power levels. Good fuel performance
is key to minimizing radioactive contamination during normal operation
and hence is a key to good plant availability. Thus, the Bruce licence
power limit was chosen for the uprated CANDU 600 reactor. Increases
beyond this bundle power level may well be acceptable in the future.

1.2 OUTLET HEADER QUALITY

Average reactor coolant steam quality at the reactor outlet
headers is one of the key parameters in heat transport system design.
Increasing outlet header qualities would allow reduced capital cost
(smaller pumps and steam generators) but with an increased potential for
corrosion of the system materials and increased complexity for system
control. It was felt to be prudent at this time to use the same design
basis as in Eepreau-1. The end-of-life conditions for the heat
transport system were chosen to be 4% average outlet header quality for
the uprated plant as is the case for operating CANDU 600's.

2. SAFETY AND LICENSING

The reactor shutdown systems have been examined for the
limiting scenarios and the only trips that require changes (other than
calibration to the new operating parameters) are the regional overpower
protection (ROP) trips and possibly the shutdown .system #1 high pressure
trip. The new ROP trip setpoint will yield about 4% more operating
margin than the Lepreau-1 design setpoints. The high pressure trip may
require some reduction in setpoint depending on other design variables
such as the heat transport pump inertia. The final setpoint will remain
high enough so the possibility of spurious trip will remain essentially
unchanged. All the trip parameters remain unchanged in principle and
provide adequate safety and operating margins.

Emergency Core Cooling System (ECCS) performance has been
examined for a critical break large loss of coolant accident. The
results show that as for the standard CANDU 600 design refill occurs
quickly which limits the maximum fuel temperature and fission product
release.

Containment performance was examined to assess the effect of
increased releases of radioactivity from the fuel. Better modelling of
containment has been used in the uprating analysis, including more
realistic models for organic iodine formation, inorganic iodine physical
chemistry and containment thermohydraulics. The more realistic
modelling more than compensates for the increased source term. Further
reductions are possible for cases involving impairments of the
containment boundary through further improved modelling of iodine
bearing water droplet aerosols.

870020/D5 - 2 -
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The safety analyses for the uprated plant have been reviewed
by the Atomic Energy Control Board. On the basis of the AECB staff
review of the analysis reports and other design information, AECB staff
believe that the final design can meet the requirements for a
construction licence as of December 31, 1985 and that given adequate
completion of other operating licence requirements, any design changes
required to get the final operating licence would not be major.

3. PLANT LIFETIME EFFECTS

The higher flux in the uprated reactor will cause increased
channel creep. (The increase will be approximately proportional to the
power increase in the channel.) Projections of the creep based on the
best available data show that the design changes proposed for a 40 year
channel life at non-uprated power levels can also accommodate a 40 year
life at the higher power level. Material properties at higher
integrated fluxes are being addressed by experiments and in service
monitoring.

4. CONCLUSIONS

The design parameters for the uprated CANDU 600, for the most
part, are within the range of design and operating experience
accumulated on the Pickering, Bruce, CANDU 600 and Darlington stations.
AECL is therefore confident that the uprated CANDU 600 will meet the
same high standards of performance and safety that have been exhibited
by operating CANDU plants.
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PRINCIPLES AMD TECHNIQUES TO ACCELERATE THE "REALIZATION" OF NUCLEAR PLANT

?.D. Stevens-Guiiie and I.E.3. .La

Ontario Hydro

In a previous paper to the Canadian Nuclear Society one of
the authors discussed innovative design and construction techniques
to build major nuclear plant in the shortest time (1). This paper
continues the same theme and discusses world-wide principles and
cechniques which major utilities and manufacturers have found to be
essential for rapid design and construction.

Electricite de France (EdF) use the bilingual term
"Realization" to mean the process of design, equipment procurement,
construction and erection of a nuclear plant. It is during the
realization phase that the success (or otherwise) of the plant is
ensured. This phase has been so long and costly in recent times that
many utilities are turning their back of the nuclear option to
minimize their investment risk.

Over the past year the authors have had first hand
discussions with 10 utilities and S, major plant manufacturers in the
USA, Japan, UK, Sweden, Germany and France. As a result they have
formulated three principles which they consider are the underlying
reasons for successful realization of a major nuclear plant. These
principles are: Standardization, Parallel Work and Improved
Efficiency of Work.

1. Standardisation

The success of modern post-industrialization relies on
standardization of methods, processes and designs. This applies
also to nuclear plants. Three methods of standardization are in
use: zhe major reactor manufacturers who sell their product into a
market (eg. 5NUPPS), the utility committed to a national plan
supported by government (eg. EdF) and the utility that standardizes
on 4 unit stations (eg. Ontario Hydro).

Standardization means identical designs, for all lmportan.
features of the olant except for sits soecific systems such as
foundations, cooling water, etc. It dlso means standard iesign
procedures, Quality Engineering, purchasing and project control and
managemenc systems.



It is a key element and one that has brought success to

France and Ontario. Unfortunatelv the US exDeriment '"jiled for

other reasons. Ic is essential that in any new project "he Jelav

between committed units be kept to a minimum (no more than 2 - 2 years'

to retain the project continuity, and contmuitv of supply.

2. Parallel Work

The principle of parallel work is simple. The planning and
control that underlies it can require a most sophisticated
scheduling system and the most motivated management available.
Parallel work must start at the conceptual stage, drawing together
the first m a m activities: design and licencing. These activities
are in series with manufacturing and construction. While the
licencing process are different in each country, the general methods
are common; licencing depends upon having specific information
available about the design at pre-planned intervals, all Che wav
from environmental impact information through construction licence
details to operating licence data. In Ontario over 100 licences and
permits from ministries and government agencies are required. This
demands careful parallel work plans between the design and licencing
functions. Parallel work in construction has been developed *o a
fine art in some countries and the principle has contributed to
short construction times. A study of the plants constructed in
short times shows that in all cases design information was available
to meet construction's demands. Parallel work during construction
requires a close integration of manufacturing and construction. It
has been suggested by two foreign utilities that the commission
schedule should be the ruling document and that all other schedules
should be developed from this plan.

3. Increased work efficiency

.Most progressive design organisations jse computer siied
methods m design, drafting, scheduling and iocumen-ation co
manage increase efficiency. Considerable skill and judgement is
called for to commit to state-of-the-art systems that can fulfil
requirements for the project for a considerable length of time
before becoming obsolete.

::' ::-c.:-:r aiieJ infrinc i CAZ. in: S-i-l :r=i>r e:: :::•.•-. :ir= Lie
in zr.e future for computer aided iesign engineering (CAS;. Tliese
new technologies can be integrated with old Drover, techniques such
as clastic modeling.



Conclusion:

The above principles and detailed techniques all contribute
to shortening the realization tine. Considerable savings ir.
interest is achieved but a longer period to plan before the start of
project construction is necessarv for success.

Reference (1) "Innovative Design and Construction Methods to Seduce
Nuclear Plant Construction Time" bv P.D. Stevens-
Guille, W.J. ?enr., M. Fairclough. Proceedings osf the
Seventh Annuai Conference of the Canadian Nuclear
Society 1986.



IMPROVED CANDU 600 DESIGNABILITY

by N.G. Craik, AECL (on attachment from CAN'ATOM)
Atomic Energy of Canada Limited
Sheridan Park Research Community
Mississauga, Ontario L5X 1B2

1. THE OBJECTIVE OF DESIGNABILITY

In the design of a nuclear power station, it is the
responsibility of the Plant Layout Engineer to arrange the buildings and
structures so that the design of the process systems and equipment is
made as easy as possible by:-

(1) Providing sufficient space, in the right places.

(2) Having the right relationship between the different buildings
and volumes within buildings.

(3) Minimize the interdependance between the design of different
systems, by providing each system with its own space.

The objective is to minimize the design hours and schedule by
minimizing the need for coordination between design groups as regards
both space utilization and design scheduling ie to maximize the
DESIGNABILITY of the plant.

There is an indirect relationship between DESIGNABILITY and
CONSTRUCTIBILITY. Generally systems which are easy to design are easy
to construct.

2. IMPROVED CANDU 600

In applying these principles to the Improved CANDU 600, most
of the plant layout changes are in the service building.

The Improved CANDU 600 service building is as offered in the
Wolsung 2 and Prevlaka bids and is shown on Fig. 1.

For comparison, the existing Vvolsung-1 service building layout
is also shown.

The changes made from the Volsung-1 layout were largely due to
the owners requirements. However considerable improvement in
designability arises from relocating the control room and as explained
with the following examples:-

860555/D3 - 1 -
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3. MAIN STEAM LINE DESIGN

In the existing layout, the main steam lines are supported
by 4 different structures from the reactor building to the anchor point.
This presents problems in the seismic design, because these structures
move differently during an earthquake. In adapting this design for
higher seismic conditions, the steam line designer is boxed in, because
he cannot lover the steam line routing.

In the improved layout, the D20 upgrading tower is moved
elsewhere, the control room is relocated, and so this end of the service
building becomes the province of the main steam line designer.

Fig. 2 shows an elevation of the existing and proposed main
steam line routing illustrating the following improvements.

(1) The steam lines are reduced in height.

(2) Thi anchor point and the MSRV's and CSDV's is located in the
NSP. So the NSP/BOP design interface is simplier.

4. MAIN CONTROL ROOM CABLING

The main control room is now located in an optimum position as
regards cable routing because:-

(1) The control room is near the A, B, C penetrations where nearly
all the control cables come through the containment building
wall.

(2) The control room is opposite the electrical auxiliary bay in
the turbine building. There are many control cables and small
power cables coming from the electrical auxiliary bay to the
control room.

(3) The cable mezzanine is extended up to the ABC penetrations,
and space is provided above for multiplexer termination
cabinets.

(4) The control room and cable mezzanine below, are well above the
grade level, so that the volume up to 17' above grade is
available for process systems, new fuel and general stores and
the movement of maintenance staff and equipment.

5. POWER CABLING & MCC's

The service building is narrowest between the power cabling
penetrations and the NSP/BOP interface at Line K, and therefore an area
of congestion.
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In the existing Wolsung—1 design, this area was also occupied
by the chemistry laboratory. The designability and constructibility has
been greatly improved in this area by relocating the chemistry
laboratory to an area where it can be designed and constructed without
involving major process systems or cabling.

Various Motor Control Centres (MCC's) which are presently
located in awkward places on two levels in the service building, are now
grouped together in this one area which is now the province of the
electrical power designers.

6. NSP/BOP INTERFACE

The NSP/BOP interface is a large vertical "window" between the
service buildings and the turbine buildings through which pass the
piping and cabling connecting the NSP systems to the BOP systems.

There are many pipes which pass through this interface
"window", plus the 4 main steam lines and feedwater lines, and many
openings for groups of cable trays. There are also access doors between
the service and turbine buildings.

So in order to avoid unnecessary constrictions on the design
and to avoid congestion, it is desirable to retain this "window" as
large as necessary. This allows the routing of piping and cabling
between their end points in the NSP and BOP to be easily optimized
without congestion and minimal interference between the system
designers. This is enhanced because the different systems line up -
steam/water at one end, electrics as the other end.

7. REACTOR BUILDING PENETRATIONS

The designability of the penetrations is enhanced by allowing
"small" penetrations (a diameter of less than 42") to pass through the
containment wall at almost any location. Thus, apart from the area of
the containment wall prestressing buttresses, almost all of the
containment surface is available for cabling, process piping and
ventilation penetrations thus ensuring good designability for these
systems.

The service building/reactor building interface allows the
routing of piping and cabling between the process end points in these
buildings to be optimized without congestion and minimal interference
between the system designers.
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IMPROVED CANDU 600

FIGURE 1 PLANT LAYOUT WOLSUNG UNITS 1 AND 2
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Optimization of Darlington Tritium Removal Facility Performance:
Effects of Key Process Variables

A. Busigin and S.K. Sood
Ontario Hydro

700 University Avenue,
Toronto, Ontario

M5G1X6

Ontario Hydro has constructed a Tritium Removal Facility at its Darlington Nuclear Generating Station to
extract tritium from the heavy water moderator water of its CANDU heavy water nuclear reactors.
Detritiation of moderater water will reduce occupational exposure to tritium and will reduce environmental
emissions. The Darlington Tritium Removal Facility (DTRF) is the largest commercial hydrogen isotope
separation plant in the world. The DTRF process system consists of an eight stage Vapour Phase Catalytic
Exchange (VPCE) front end to extract tritium from heavy water into a deuterium gas stream, followed by a
cascade of four distillation columns to concentrate extracted tritium to a purity of at least 99.9%. The
process flowsheet is shown in Figure 1.

In order to understand how best to operate the plant, computer simulations have been performed to assess
the effects of the following key process variables on plant performance:

1. heavy water feedrate to the plant;
2. deuterium gas flowrate between the VPCE process and the cryogenic distillation cascade;
3. reflux ratio in the first cryogenic distillation column;
4. tritium product drawoff rate.

The results of the computer simulations quantify how measures of system performance such as heavy water
detritiation factor and overall tritium production/extraction rate are dependent on process variable settings.
In addition, the results suggest the following points need to be considered in developing the DTRF
operating strategy:

a) An increase of heavy water feedrate to the DTRF will increase the tritium production rate and decrease
the detritiation factor for processed heavy water. In order to maintain the average tritium concentration in
Ontario Hydro's heavy water inventory as low as possible, the best operating strategy would be to maximize
the heavy water feedrate. In order to maximize the detritiation factor, the feedrate should be minimized.
Provided that the installed equipment has sufficient reserve capacity, a 10% increase in throughput (over the
design value) should be possible without the detritiation factor dropping below the design requirement of
30.

b) A decrease in the deuterium gas flowrate through the VPCE results in energy savings due to a lower
refrigeration load for the cryogenic distillation system (assuming the reflux ratio is kept consume), but
reduces the detritiation factor for processed deuterium. Simulation results indicate that it should be
possible to reduce the gas flowrate by about 10% (from the design value) without the dctritiation factor
dropping below the design requirement of 30.

c) Reducing the reflux ratio in the first (and largest) distillation column results in energy savings but also
reduces the detritiation factor for processed heavy water. Increasing the reflux ratio above the design value
increases the detritiation factor only marginally.



d) Tritium must be allowed to accumulate in the high tritium column, if product purity of at least 99.9% is
to be assured. This will necessitate preiodic "draining" of the tritium from the system to avoid excessive
tritium accumulation.

This paper describes the computer simulations performed in studying the DTRF process system, the process
models employed and, where possible, how these relate to actual performance data. It is shown that an
overall best operating strategy involves tradeoffs between competing objectives such as minimum operating
cost, maximum production rate, maximum detritiation factor and maximum product purity.
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THE DEVELOPMENT OF INDUSTRIAL LINACS
WITH THE CAPACITY TO OPEN NEW HORIZONS FOR ELECTRON PROCESSING

by A.J. Stirling
General Manager

Accelerator Systems
Atomic Energy of Canada Limited

P.O. Box 13S00
Kanata, Ontario K2K 1X8

While radiation is already a proven industrial processing tool in
several industries, there are visionaries who see that it could play a
much wider role. The technology exists for high energy and high power
accelerators to provide radiation processing capability on a scale which
cannot be contemplated with existing sources. This recognition has
prompted a broadly based scientific and industrial program in Canada to
provide the building blocks for new industries in radiation processing.

The basis of materials processing with electron beams is the
production of free radicals which initiate reactions like chemical
catalysts. To broaden the use of electron beam processing, it is
necessary for product and process development people to recognize the
value of the method, in their respective industries. These include the
elimination of chemical residues and the side effects of heat, control
over process rate and uniformity of reaction. As a means of stimulating
the development of radiation processes, AECL has just completed a
process-development irradiator (1-10/1). It has been specifically
designed to scan product (over 60cm), rather than focus to a spot like
medical and radiography machines. The energy of 9.5 MeV ensures
compliance with the Codex Alimentarius limit and the 750 W beam is
sufficient for pilot scale development.

The I—10/1 uses the patented AECL "Pancake" coupled standing wave
assembly for accelerating the electrons and an "S" band (about 3 GHz)
radio frequency system to power it. This microwave power is fully
contained and absorbed within the power delivery system and the
accelerator structure. Electron beam power is 0.75 (+0.25, -0) kw and
this is delivered in pulses about 4 jjsec long at a repetition rate of 3CC
pulses per second. The gun, accelerator and beam handling components are
a single unit (inside the shielded room required). The standard
industrial computer control unit is located outside the shield.

In addressing the need for reliable industrial sources, AECL is
developing high power linacs. Their heritage is the technology of
electronuclear breeding. A generic prototype is under construction at
Chalk River. This irradiator has a degree of structural modularity to
enable it to address a wide range of applications and capacities. The
IMPELA family (Industrial Materials Processing Electron Linear
Accelerators) are pseudo-continuous wave linacs which are on-axis coupled
and which operate at the low gradients and stresses needed for industrial
applications. This development work, coupled with a major commitment to
applications development at AECL's new centre at Whiteshell, Manitoba, and
by the Armand-Frappier Institute in Montreal, will permit an ever greater
use of radiation processing in non-traditional areas.

There is adequate scope for wider collaboration in applications
development research and in the technologies of accelerator production.
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The SLOWPOKE-2 Facility at the Royal Military College:
Improved Performance and Versatility

PA Beeley
SLOWPOKE-2 Facility, Royal Military College of Canada, and

Department of Chemistry, Queen's University,
Kingston, Ontario K7L 3N5

LG.I. Bennett, H.W. Bonin, L.S. Fisher
Department of Chemistry and Chemical Engineering,

Royal Military College of Canada
Kingston, Ontario K7L 5L0

LS. Wright
Department of Physics,

Royal Military College of Canada
Kingston, Ontario K7L 5L0

From the mid-1970's, seven of AECl-Radiochemical Company's
SLOWPOKE-2 research reactors have been operating at six facilities in
Canada and at one in Jamaica, for a total of about 60 reactor-years. The
reactor is a 20 kW(th) tank-in-pool type capable of producing a neutron flux
of i o ' 2 n.cm~2s~J which is utilized mainly for the trace analytical
technique of neutron activation analysis (NAA) (1,2). It has been designed
with a full degree of inherent safety based on a large negative temperature
coefficient of reactivity and a limited excess reactivity. It may thus be
operated by minimally trained, but licenced, operators (such as the 5
authors) who do not always have to be present at the control console, for
example, for overnight irradiations. These features have meant relatively
low operating costs for this neutron source since licenced operators may be
existing researchers, such as analytical chemists, rather than those with any
prerequisite nuclear knowledge.

In October, 1985, an eighth SLOWPOKE-2 Facility commenced operation
at the Royal Miliary College in Kingston. There are significant differences
between this latest installation and the previous ones. All of the previous
SLOWPOKE-2 cores have highly-enriched (93 wt% U-235 in U)
uranium/aluminum alloy (HEU) fuel arranged in approximately 300



aluminum-clad fuel pins. Our core is comprised of about 200 low-enriched
(20 wt?3 U-235) uranium oxide (LEU) fuel contained in Zircaloy-clad fuel pins
(3,4). The outer dimensions of the fuel cage have not changed so that the
critical assembly in the reactor container remains the same.

Six of the previous reactors have a core lifetime of about one
full-power-year or, with typical useage to date, about 10 to 15 calendar
years (5). The approach-to-critical procedure was modified for the last two
installations so that the effective core lifetime is doubled. Moreover, our
commissioning and operating experience with the LEU fuel has indicated that
our reactor may be operated at higher powers for longer periods and for
longer intervals between reactivity increases (beryllium shimming). The
operational behaviour of our LEU-fue!led SLOWPOKE-2 has been investigated
by Drs. Bennett and Beeley and compared to that of the HEU-fueiled reactor.

One of the more obvious differences between the last three
installations and the previous ones is the absence of concrete shielding over
the pool. Security of the pool water shielding has instead been ensured by
other means; in our case, by a stainless steel liner coupled with a guaranteed
high water table. The reactor container is thus visible, allowing students
and visitors alike to appreciate clearly the simplicity and safety of the
SLOWPOKE-2 concept. The Facility at RMC is situated amongst other
laboratories in the Department and, except for the approriate security
arrangements, is as accessible for teaching, training and research as is the
other laboratories.

Evaluation of the useage experience at the other facilities (6)
indicated to us that the workload should increase over an initial 5-year
period before leveling off. After more than a year's operation, the number of
samples irradiated have slightly exceeded our projections. Applications have
been diverse, ranging from investigating trace wear metals in engine
lubricating oils and filters to trace elements in urinary calculi (kidney
stones).

Various users, such as from the Departments of Chemistry and
Chemical Engineering, Civil Engineering and Physics at RMC and the
Department of Chemistry, Queen's University have contributed counting
systems to the Facility. Since the counting step in the NAA technique can
often be the determining factor in a desirably short turn-around time, the
acquisition of these four microcomputer-based systems with analysis
programs over the past few years has been a worthwhile goal. In addition,



several on-going modifications to the irradiation systems to allow for
automatic irradiation and counting, sample changing, and fast and cyclic
irradiations wil l allow the users flexibility in solving diverse analytical
problems. Our plans for the Facility include measuring the neutron fluxes in
the irradiation sites, equipping a radiochemical laboratory for radiochemical
separations, and outfitting a low-level counting cell capable of
environmental counting.

Because of the easy access to the reactor pool at RMC, a number of
undergraduate experiments have been based on the SLOWPOKE-2 as a nuclear
reactor rather than as a neutron source. Mapping of the neutron flux in the
pool around the core and making various reactivity measurements, both
requiring use of the in-pool ion chamber, are examples. A future use of the
SLOWPOKE-2 at RMC wi l l be neutron radiography with the installation of a
vertical beam tube in the pool, with the bottom end adjacent to a small
thermal column installed during commissioning. A prototype beam tube is
presently being tested.
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