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EDITORIAL

A Mixed Record

This comment is written in the first person singular to
emphasize the personal nature of the views expressed.
Nothing here should be attributed to the CNS or any of its
executive or officers.

As a concerned observer of the Canadian nuclear scene
over several decades [ have been intrigued by the swings
in public and political support (or lack thereof) and often
appalled by the response of the captains of our program.

The first two decades (starting from the Montreal Laboratory
in the early 1940s) saw rapid scientific progress, supported by
intelligent and decisive leadership. In less than 20 years, by the
early 1960s, a demonstration nuclear power plant (NPD) was
in operation, beginning the successful CANDU series of plants.

Over the next two decades (1960s and 1970s) the nuclear
power program expanded dramatically, with new plants com-
mitted before their predecessors were completed. Then in
the 1980s, problems, both technical and otherwise, began
to appear. The former, such as the pressure tube failure
in Pickering 2 in 1983, were soon overcome. Some of the
others, such as the inquiry into dealings behind the Embalse
and Wolsong 1 sales, the growing concerns about radioac-
live waste, and the cost of Darlington, grew and festered. As
public attitudes turned negative industry leadership seemed
Lo lose its way.

In the 1990s the domestic nuclear power program almost
came apart. The seemingly interminable environmental

hearing on deep geologic disposal came to an ambiguous
conclusion. Ontario Hydro went through the embarrassing
(to many of us) exercise of calling in American experts to
correct problems resulting largely from inaction by its Board
of Directors. Lawyers for AECL and Nordion argued until
some sense was brought to bear. Surprisingly, the overseas
picture was positive, with the successful fulfillment of the
contracts for Wolsong 2, 3, and 4 and the beginning of the
contract for Qinshan,

Turning to the present, the recent successful completion of
Qinshan 1, ahead of schedule and on budgel, was a marvel-
lous achievement. It should have been actively and loudly
proclaimed instead of being kept as a secret. Why the reti-
cence? Are our leaders embarrassed with success?

It appears that Bruce Power will get Bruce 3 and 4 back on
line before the summer peak demand and, although I remain
sceptical, there is even a likelihood that the MAPLE reac-
tors will begin operation (three years late). Unfortunately,
the restart of Pickering A continues to slide.

Over the years the scientific and technical expertise to devel-
op successful designs and to solve difficult problems when they
arise has been demonstrated. The response to social and poliLi-
cal problems has been disappointing, to say the least, and Lhe
record on the management side is very mixed.

Fred Boyd

IN THIS ISSUE

This issue includes both something new and something old.

Starting off is a report on the most recent CNS seminar
under the title of Protecting the Environment because we
felt the actual name of the seminar / workshop was too long.
That is followed by the lead-off paper presented by Richard
Osborne at that event using his title, Protection of the
Environment, despite the obvious similarity.

Then we turn to the significant development of the fall, with
our report Waste Management Organizalion Underway,
followed by an account of an interview we were privileged Lo
have with the head of the new Nuclear Wasle Management
Organization in Conversation with Elizabeth Dowdeswell.
A recenlt paper on Radioactive Wasle Managemenl at
AECL is included to round out that topic.

Two more of the excellent papers presented al the PBNG
2002 conference last fall are included. The first. on The
Maple Reactor Project, we felt was timely because it looks
as if the Maple reactors and the associated isotope process-
ing facility may actually be given an operating licence this
spring. The other is another paper by Romney Duffey, this
time with a Chinese co-author, on the role of nuclear power
in Sustaining the Fulure.

From the Simulation Symposium of last fall we present a
paper, originally intended for the last issue, on Thirty Years
of Reactor Physics al Pickering.

Then we turn to the old. Noting that December just past
was the 50th anniversary of the NRX accident we [elt that this
should be remembered, not as an accident but as a learning
experience and titled the first note Learning the Hard Way.
This is accompanied with some excerpts of accounts of the
event written almost a half century ago in NRX Accidenl.

Since this month (February) marks the 60th anniversary of
the real beginning of the Montreal Laboratory, the remark-
able group that began our nuclear program, we include some
reminiscences by George Laurence, the senior Canadian.

There are some items which you may not have seen else-
where under General News, and reports on your Society in
CNS News.

A page on Books is included along with an updated
Calendar, and, of course, the inimitable words of Jeremy
Whitlock in Endpoint.

We hope you find something of interest and invite vour
comments.




Protecting the Environment

CNS, CNA and COG join in a seminar and workshop on the effects
of radioactive material on the environment

Doug (Jhabers

How to ensure protection of the envi-
ronment from the effects of the release
of radioactive material? That was the
focus of a special seminar and work-
shop held in Ottawa, December 5 and
6, 2002, Aboul 70 persons attended
this specialized meeting.

The event had probably the longest
name of any meeting in which the
Canadian Nuclear Society was involved:
Canadian Perspectives on the Protection
of the Environment from the Effects of
Ionizing Radiation. 1. was organized
primarily by Judy Tamm co-chair of the
Environment and Waste Management
Division of the CNS along with Al Shpyth
of the Canadian Nuclear Association and
Peter Ernst of CANDU Owners Group.
An impetus was the proposals from the
Canadian Nuclear Safety Commission
(CNSC) for new regulations. It was also
somewhat ol a follow-up of a seminar
held in December 1996 co-sponsored
by the CNS and the Canadian Radiation
Protection Association.

The first day was organized as a sem-
inar with papers providing overviews of
relevant developments in Canada and
abroad since the 1996 one. Based on
that background the second day was
devoted to a workshop with the aim of
developing an induslry perspective.

Richard Osborne, former director of
hiology at the Chalk River Laboratories
of Atomic Energy ol Canada Limited,
was the lead off speaker. He provided
a succinct summary of the many devel-
opments and initiatives over the past
decade, beginning with a reference
Lo the publication of the International
Commission on Radiological Protection,
ICRP 60, issued in 1991. That report
stated the philosophy, which had pre-
vailed until that time, that if man were
protected others species would be also.
Since then attitudes have changed.

Osborne noted several related meet-
ings that had taken place since 1996,
such as:

1996 - CNS/CRPA  seminar on Impacts on
non-human species;

- 1Ist International Symposium sponsored by
Altomic Energy Control Board, Environment
Canada and SRPI of Sweden, Stockholm

1999 - 2nd International Symposium, Ottawa
2000 - Workshop on Radioecology and Regulation,
Dublin, Ireland
- 1AEA Specialists meeting, Vienna, Auslria
2001 - Znd IAEA Specialists meeling, Vienna,
Austria
- Principles and Ethics, Oslo, Norway
2002 - 1st NEA/ICRP Forum on Environmental
Protection, Taormina

- Arclic/Antarclic Conference, St. Petersburg,
Russia

- Radioaclivity in the Environment, Monaco

The UN Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) had included a section on the
effects of radiation on the environment in its 1996
report and has a program on the issue that will be
included in its 2004 report. The Inlernational Atomic
Inergy Agency issued in 2001 a report TECDOGC-1270
Fthical Considerations in Protecting the Environmenl
from the Effects of lonizing Radiation and is working
on a Safety Guide. The ICRP has a Task Group study-
ing the problem. Also the European Union has two
programs under way: Framework of Assessment of
Environmental Impact (FASSET) and Environmental
Protection from lonizing Contaminants in the Arclic
(EPIC). Osbornes full paper is reprinted in this issue
of the CNS Bullelin.

Osborne was followed by Doug Chambers, of
SENES Consultants, who spoke from his background
of vice-chair of the former Advisory Committee on
Radiological Protection (ACRP) of the CNSC. CNSC
president Linda Keen disbanded the ACRP along with
its companion commiltee the Advisory Committee on
Nuclear Safety a few months earlier. Just before ils
demise the ACRP had prepared and submitted a report
related to the topic of the seminar entitled Framework
for Protection of Non-Human Biota. Following assign-
ment of a CNSC publication number the ACRP sent this
report to a limited number of international organiza-
tions such as IAEA, ICRP, UNSCEAR. (The reporl was
subsequently released publicly by the CNSC as report
INFO-0703, accompanied by critical remarks from the
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CNSC staff.)

The ACRP proposed that the objeclive ol any protection
scheme should be (1) to determine if releases of radioactivity
represent an unreasonable risk to non-human biota, and (2) to
ensure that populations of biota are reasonably protected. The
ACRP recommended that realistic dose models be developed
for reference biota. It proposed a three tier approach: concen-
tration guidelines; dose rate criterion; evaluation of effects on
actual biota populalions.

Chambers concluded his presentation by noting that there
were many issues to resolve, mentioning:

e What are we trying to protect ?
e What is a relevant endpoint ?
e What level of protection is adequate ?
e Assessment Methodology
— Pathways Modelling
— Dosimelry models
— Reference dose
— Natural background
e Monitoring o demonstrate compliance
— Criteria given in dose but dose is nol measured
directly

The seminar then turned to presentations of papers on spe-
cific technical issues.

Carmel Mothersill,of the Dublin Institute of Technology,
Ireland, spoke on Low Dose Radiobiological Effects and
Protectionof Biola. She began by notling poinls Lo consider,
such as:

e mechansitic difference between high and low dose effects
e interactions between radiation and chemicals

e cellular response

e genetic background

e ability ol organisms to adapt

After providing details of some of her experimental work she
closed with questions addressed to the scientific community
and to regulators. To the former she posed:

e how Lo construct meaningful models given the complexity
of biological systems

° how to do meaningful experiments.

To regulators she raised the following points;

e how to work to develop practical guidelines where compli-
ance can be monitored

e how to get awal from the “sale dose” concepl

e how Lo work with politicians, media, NGOs, elc. to develop
realislic policieis

s how Lo explain thal there may not be a “right” answer.

Tamara Yankovich, of AIKCLs Chalk River Laboratories,
followed with a paper on Developing Ecological Frameworks
for Use in Risk Assessment: dose to biota through radionu-
clide exposure pathways. Consideration of the [ollowing is
required:

e radiionuclide levels inthe environmental media

e habitation occupancy
e uptake constants
e foodweb interactions

Patsy Thompson, of the CNSC, titled her presentation
Status Reporl on the CNSCs Regulatory Environmental
Protection Program. She stated that the CNSC draft regulatory
standard on environmental protection policies and procedures
requires Lhal licensees manage their environmental protection
program using policies and procedures with the following ele-
ments:

e g environmental protection policy
e planning

e implemenlalion and operalion

e checks and corrective action

e management review

The paper by Nava Garisto, of SENES Consultants, was on
Eeological Risk Assessment, Environmental Effects Monitoring
and Radionuclides. He noted that the old paradigm of “protect
man and you protect the environment” breaks down in situa-
tions where an area is restricted to humans but not animals;
there are different exposure pathways for non-human biota;
olher stresses (e.g., chemical) make biota more susceptible Lo
radiation damage. He referred Lo ecological risk assessments
his company had done for Cameco’s Blind River facilties and
0PG’s Pickering plant and closed with comments on monitor-
ing plans based on ecological risk assessments.

Don Hart, of Stantec Consulting Ltd (formerly Beak
International) followed with a presentation on: FEcological
Risk Assessment, Environmental FEffects Monitoring, and
Radionuclides. The risk assessment and effects monitoring
are inter-related, the former indicating where there may be
effects and the later identifying them.

IFollowing all of these presentations, in mid afternoon the
meeting moved to a panel discussion, chaired by Richard
Osborne, involving some of the speakers plus Anar Baweja of
Health Canada, Ken Dormuth of AECL, and Don Wismer, OPG.
Dormuth commented that specific guidelines were needed [or
designers and operators.

The panelists noted thalt although we have Lhe scienlilic
and technical expertise to deal with the problem the even-
tual acceptance of “safety” or “environmental protection” in
our sociely is a judgement by society meaning the public or
its elected representatives. A challenge, therefore, is how Lo
translate the scientific work into language understandable by
politicians or the general public.

As noted above, the second day was in the form of a work-
shop led by Al Shpyth, in which about half of those attending
the seminar participated. The discussion covered both regula-
tory issues and technical or operational ones such as how Lo
do ecological effects monitoring.
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Protection of the Environment from the Effects of
lonizing Radiation

- A Canadian Perspective of International Developments
by Richard V. Osborne!

FEd. Note: The following paper was the lead off
presentation at the CNA/CNS/COG Seminar on
“Canadian Perspectives on the Prolection of the
Environment from the Effects of Ionizing Radialion”,
held in Otlawa, Ontario, December 5 2002

Background

In 1996, the Canadian Nuclear Society and the
Canadian Radiation Protection Association organised
a seminar on the impacts of radiation on non-human
species. That year marked the start of an increasing
interest internationally on this topic. Three interna-
tional symposia have been held; in Stockholm (1996,
organised by regulatory agencies from Sweden and
Canada), in Ottawa (1999, organised by regulatory
agencies from Sweden, Canada and Auslralia), and
in Darwin (2002, organised by the Australian regu-
latory agency in co-operation with the International
Atomic Energy Agency (IAEA)). Interspersed with
these symposia have been “specialists’ meetings
organised in Vienna by the IAEA in 2000 and 2001,
and an international forum in Italy organised by the
Nuclear Energy Agency in co-operation with the
International Commission on Radiological Protection
in 2002. These symposia and meetings have covered
all aspects of environmental protection from ionizing
radiation. Other meetings through this period have
had narrower foci — for example, on the relationship
of regulatory needs and radioecology (Dublin, 2000);
on principles and ethics, (Oslo, 2001); on issues
peculiar to protection of the Arctic and Antarctic
environments (St Petersburg, 2002); and on radioac-
tivity in the environment (2002 Monaco).

These events illustrate the level of activity that
is now taking place as international and national
agencies struggle to develop a framework explicitly
for the protection of the environment from ionizing
radiation. The adage that “protect man and you
protect the environment” is no longer accepted as
being self-evident.

What does environmental protection mean? What
principles should govern it? How complele is the
science base? An advisory group of the IAEA, faced

with developing a draft safety guide on the Lopic of
environmental protection, realised that there were
no established answers to these questions. In
its recent report [IAEA 2002], the advisory group
showed how different world views, current scientific
knowledge, and international law could he inter-
preted Lo give principles for protection that could be
a base for developing a framework for assessment
and management of risks to the environment from
ionising radiation. A variely of international organi-
zations are involved in developing the science base,
in resolving technical issues, and in developing the
framework. This presentation is an outline of the
activities of those international organizations.

United Nations

As is pointed out in that IAEA report, much of the
basis in international law and conventions comes
from the activities of the United Nations. The UN
Charter, itself [UN45] provides the first base:

“The purposes of the United Nalions are... lo
achieve inlternational co-operation... in promot-
ing and encouraging respect for human rights.”

Although nol referring to the environment the
need to take account of differing viewpoints is
established. Later, the World Charter for Nature
[UN82] exhorts:

“Every form of life is unique, warranting respect
regardless of its worth to man... Nature shall be
respected and ils essential processes shall not
be disrupted.”

Here, a non-anthropogenic view is presented
(“regardless of its worth to man”) but the most
influential of the United Nations documents, the
Rio Declaration on Environment and Development
[UN92] is strongly anthropogenic in the obligalions

I Dr. Osborne was formerly Director of Biology at AECL Chalk
River laboraties. He is now “semi-retired” and has his own com-
pany, Ranasara Consultants Inc., Deep River, Ontario
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it places on member states. For example, it asserts that
human beings are:

“... entitled to a healthy and productive life in harmony
with nature.”

Also, the environmental protection:

“... shall constitute an integral part of the ...”
sustlainable development progress.

Further, States shall:

“... develop further international law regarding liability
and compensation for adverse effects of environmental
damage.”

Such obligations point to sustainability and environmen-
tal justice being two principles underlying environmental
prolection.

Subsequent conventions and agreements have estab-
lished internationally the importance of maintaining biodi-
versity and of conserving habitats.

The TAEA report [IAEAO2] draws these ideas together
and presents them as five principles for environmental
protection from radiation. These principles can be stated
[TAEAO2a] as:

* Any radiation exposure should not affect the capability
of the environment to support present and future genera-
tions of humans and biota. (principle of sustainability)

e Any radiation exposure should nol have any delelerious
effect on any species, habitat, or geographic feature that
is endangered or is under ecological stress or is deemed to
be of particular societal value. (principle of conservation)

¢ Any radiation exposure should not affect the mainte-
nance ol diversity within each species, amongst differ-
enl species, and amongst different types of habitats and
ecosystems. (principle of maintaining biodiversity)

¢ The management of any source of radiation exposure of
the environment should aim to achieve an equilable dis-
tribution of the benefits from the source of the radiation
exposure and any harm to the environment resulting from
the radiation exposure, or to compensate for any inequi-
table damage. (principle of environmental justice)

¢ In decisions on the acceptability and appropriale man-
agement of any source of radiation exposure of the envi-
ronment, the different ethical and cultural views held by
those humans affected by the decisions should be taken
into account. (principle of respect for human dignity)

Another agency of the United Nalions, Lthe Scienlific
Committee on the Effects of Atomic Radiation (UNSCEAR),
has provided the most complete, to date, international

compilation of the effects of radiation on the environment.
In its 1996 report to the UN General Assembly [UN96], it
concluded:

“There is a wide range of sensitivities of plants and ani-
mals lo ionizing radiation. In general, mammals are the
mosl sensitive of the animal species, followed by birds,
fish, reptiles and insects. The range of sensitivities of
plants overlaps that of animals. Reproductive capacity,
which is particularly important for the maintenance of
the population, appears to be the most radiosensitive
population attribute. for natural plant and animal com-
munities. there is little evidence thal doses rates of 0.1
milligray per hour (i.e., about 1000 times greater that
the natural background ) to a small proportion of the
individuals (and therefore, lower average dose rale (o
the remaining organisms) would have any detrimental
effecls at the population level.”

UNSCEAR is currently drafting a follow-up report that
aims to define appropriate biotic endpoints for assess-
ment, review methods for evaluating radionuclide transfer
pathways in the environment and for estimating doses, and,
perhaps most importantly, review evidence of impacls al
specific sites. Publication of the report is expected in 2004
or 2005.

International Atomic Energy Agency

In 1992, the IAEA estimated the doses to plants and ani-
mals when emissions from nuclear facilities were al levels
complying with radiation protection standards [IAEA92].
Although it could be concluded in those circumstances that
plants and animals would be adequalely protected there are
clearly situations where protecting humans could be insuf-
ficient, such as when there has been intervention to remove
humans from a contaminated area or in other circumstances
where humans are not present. The IAEA examined the issues
in a “report for discussion” [IAEA99], noting there that some
countries had recognized the need for explicit demonstration
of environmental protection but that there was no consensus
on guidelines, endpoints and targets. In its follow-up, the
IAEA has set out to develop a Safely Guide for environmental
protection, publishing the report, noted above, on ethical
considerations in protecting the environment [TAEA02]. As
well as defining the principles for protection, the authors of
the report discuss the different ethical views held by people
that affect their view of the environment and its protection.
The authors conclude that people who hold anthropocentric
views, or non-anthropocentric views (biocentric or ecocen-
tric) of the world could subscribe to the suggested principles
though the relative weight given to each would depend on
the particular viewpoint. For example, supporters of both
anthropocentric and non-anthropocentric views could agree
that the maintenance of biodiversity is a valid objective
because of consequences for human interests or because of
respect for the diversity of nature in itself.
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The objectives of protection were seen as being to avoid
radiation-induced early mortality, increased morbidity,
reduced reproductive success, and deleterious hereditary
effects. This is a set that is similar to suggested elsewhere
(for example, in the FASSET program - see later) but with
the important difference that scorable cytogenetic effects are
not included; deleterious hereditary effects are. This change
makes the set self-consistent and leaves scorable cytoge-
netic effects as a possible measurable indicator though even
in this role there are difficulties in interpretation.

Other conclusions drawn in that IAEA reporl were that
the ecocentric view of the world is likely to have increasing
influence on environmental protection, that the practical
emphasis will be on protecting populations, habitats and
ecosystems, and that public involvement and informed con-
senl will be important.

The IAEA is contlinuing with the development of the basis
for a Safety Guide though formal promulgation of an actual
document will have to wait for a revision of the IAEA Basic
Safety Standards [IAEA96], which is unlikely to be started
before the ICRP produces its new recommendations (see
later). Its progress will be reported at the inlternational
conference to be held in Stockholm in 2003 October where
the direction of Member States will be sought.

A separate activity of the IAFA is in co-ordinating research
in a broad range of radiological-related areas. It is expect-
ed that a co-ordinated research program (CRP) will be set
up for work related to environmental protection. Such a
CRP would provide an opportunity for Canadian researchers
to link with those elsewhere — as has been done in the very
successlul BIOMASS program that was the follow up to the
BIOMOVS program in which staff in AECL, with the support
of the AECB, were founding members.

International Commission on Radiological
Protection

The International Commission on Radiological Protection
(ICRP) has, until recently, been content to focus on the pro-
tection of humans. In its most recent general recommenda-
lions [ICRP91] it states:

“... the standard of environmental control needed to
protect man ... will ensure that other species are not
put at risk.”

and

. individual members of non-human species might
be harmed bul not to the extent of endangering whole
species.”

There is now the recognition that, although these state-
ments may be generally true, protection of non-human
species does need to be addressed explicitly. The ICRP
set up a Task Group in 2000 to recommend to the Main

Commission (MC) how it might approach environmental
protection. A draft of the Task Group report has been made
available for comment on the ICRP website [www.icrp.org].
The Task Group reviews and discusses the issues involved:
for instance, the development of reference flora and fauna,
dose models and exposure geometries, the concepl of “dose
consideration levels”, and frameworks for assessment and
management. IU generally concurs with the principles and
objectives for protection as suggested by the IAEA advisory
group [IAEA0Z] and recommends that the ICRP should
develop a system of protection that explicitly includes pro-
tection of the environment, that it should provide an inter-
pretation of radiation effects for use in setling criteria or
benchmarks for protection, and that it should develop a set
of primary reference fauna and flora. It is expected that the
final report will go to the MC in 2003 for consideration as
the MC prepares a revision to its general recommendations,
expected in 2005.

Nuclear Energy Agency (OECD)

The Nuclear Energy Agency (NEA) has only recently been
active in the development of a system for environmental
radiation prolection, starling with the meeting organised
with the ICRP in Italy in 2002. The Committee on Radiation
Protection and Public Health (CRPPH) of the NEA has had
an on-going interaction with the ICRP, primarily through
the ICRP's Committee 4 on the practical applications of the
Commission’s recommendations. The current work can be
seen as a continuation of that interaction, providing a forum
for feedback from the NEA Member States on the implica-
tions of the Commission’s recommendations.

An important contribution by the NEA that has poten-
tial implications for environmental protection is a report,
“The Way Forward in Radiological Protection” by an expert
group, working under the CRPPH, prepared as a contribu-
Llion to the debale on the future of radiological proteclion
[NEAOZ]. The authors of the report urge the ICRP to revise
its recommendations such that existing problems are fixed
and that the system of protection evolves, rather than trying
Lo creale a new, revolulionary system. They recommend
a process of “comprehensive authorization” thal serves o
achieve the same level of protection as does the current
system in, what is claimed, a less confusing manner. What
is important for environmental protection is that the com-
prehensive authorization process can be seen as fitting into
the general framework used for the assessment and man-
agement of other risks to human health as well as of risks
to the environment. Were a new system recommended by
the ICRP to be along the lines suggested by the NEA experl
group, then not only would harmonization of radiological
protection of humans with protection against other risks
be facilitated, but so also would be harmonization between
radiological protection of humans and the environment.

The NEA is organizing another forum with the ICRP in
2003 in Lanzarote, Spain for there to be further exchange
of ideas on this topic.
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European Union

The Framework for ASSessment of Environmental ImpacT
(FASSET) program is sponsored by the European Union and
brings under one umbrella the work of 15 institutions in 7
European countries. It is, literally, a many faceted program
as the acronym implies, covering research on radiation
elfects, the development of the idea of reference flora and
fauna, dosimetry models, the establishment of a radiation
effects data base, the identification of relevant biological
effects and measurable endpoints, as well as the explora-
tion of different frameworks for assessment and manage-
ment. Progress reports have been made available on the
program’s website [www.fasset.org] and the final report
from the program is to be presented at the IAEAS interna-
tional conference in Stockholm in 2003 October.

A follow up to the FASSET program is being prepared
under the sponsorship of the European Union. This pro-
gram — Environmental Risks from Ionising Contaminants:
Assessment and Management (ERICA) — will be substan-
tially larger (~ Can$8 million) than the FASSET program.
There would appear to be opportunity for the involvement
within the ERICA program for researchers in Canada.

A related program under the auspices of the European
Union is one that focuses on protection of the Arctic envi-
ronment, the EPIC program (Environmental Protection from
lonising Contaminants in the Arctic). The emphasis is on
detailing the transfer pathways in the Arctic, on identifying
and detailing reference organisms for thal environment, on
developing the appropriate dosimetry models, on collation
of Russian dose-effect data, and on determining appropri-
ate criteria and standards.

Another European initiative relates to the OSPAR (Oslo-
Paris) Convention, thal is concerned with developing a
strategy for protecting man and biota in the region of the
north-east Atlantic, with an emphasis on the marine envi-
ronment. The Kuropean Commission is providing input to
the work of OSPAR though the resulls of a study — the Marina
11 study — part of which has recently produced a report that
concluded that for selected industry-impacted locations in
the OSPAR region, there is no identifiable impact on popula-
tions of marine biota from radioactive discharges.

Miscellaneous international activities

Canada, through its Department of Foreign Affairs, is a
member of the Arctic Council (other members are the USA,
Russia, Finland, Sweden, Norway, Denmark and Iceland).
The IAEA, the United Nations Environment Program and the
International Union of Radioecology (IUR) also participate.
Recently, the Council has noted the need for the develop-
ment of a protection framework that includes radioactive
contaminants. Working closely with the IUR, the Arctic
Monitoring and Assessment Program (AMAP) has the role
of implementing the Council's protection strategy. The work
of the AMAP is described on its website [www.amap.no].

The TUR is involved with most of the European programs

noted above and it is noteworthy that an Asian branch of
the IUR has been created to work on environmental pro-
tection in S. Korea, Japan and China. This is noleworthy
because the members of the IUR are drawn from academia
and the governmental authorities; although this initiative
does not imply approval by the authorities, it does indicale
an interest.

In an attempt to ensure that terms, quantities and
units in radioecology are used precisely and clearly, the
International Commission on Radiological Units and
Measurements (ICRU) has produced a report that presents
the primary quantities and terms that are used in studies of
radionuclide transport in the environment and those used
to help assess the effects of environmental radioactivity on
plants, animals and humans [ICRUO1]|. To encourage great-
er uniformity and to minimize confusion in this field, both
the currently recommended and previously used names and
svmbols are given. There is also a glossary of scienlific
lerms that are often used in radioecology.

Summary

International agencies are currently very active in collat-
ing and interpreting the scientific knowledge on the effects
of radiation on biota in the natural environment, in arriving
al an agreed set of principles for protection, in resolving
various technical issues, and in developing a framework for
protection of the environment from ionizing radiation. In
the nexl few years we can expect to see a new UNSCEAR
report, new recommendations from the ICRP and a draft
Safety Guide from the TAEA.

There will be opportunities for international collabora-
tion between Canadian researchers and those in Europe
through the ERICA program under the European Union, and
with researchers from around the world through a proposed
co-ordinated research program under the IAFA.

One can therefore expect that in the next few years there
will be resolution of many of the issues currently being
debated with a consensus developing on the principles, on
the biological effects that are relevant, on reference fauna
and flora, on dosimetry and reference organisms, on mea-
surable endpoints and on the basic feature of a system of
protection. This body of work will be available as a base.
and as an harmonising influence, for national regulatory
authorities around the world as they develop their own
national regulations.
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Waste Management Organization well underway

When the Nuclear Fuel
Waste Act finally came into
force. on November 15,
2002, the Nuclear Wastle
Management Organization
(NWMO) was already set
up. On October 24 Richard
Dicerni, execulive vice
president at Ontario Power
Generation (OPG), announced
the creation of the NWMO and
the appointment of Elizabeth
Dowdeswell as its president.
(See separaie article.)
The establishment of the
NWMO by the nuclear utili-
lies was stipulated in the Act.
Its mandate is to investigate approaches for managing
Canada’s used nuclear fuel.
The Act. whose official title is An Act Respecling the
Long-Term Management of Nuclear Fuel Waste, resulted
from the Government of Canada’s response to the reporl
from the Nuclear Fuel Waste Management and Disposal
Concept Environmental Assessment Panel, which was
chaired by Mr. Blair Seaborn. That report was submitted in
March, 1998 following 8 years of review.
The legislation was introduced for First Reading as Bill
C-27 on April 25, 2001. Following extensive reviews by
committees of the House of Commons and the Senate, the
legislation received Royal Assent on June 13, 2002.
The Nuclear Fuel Waste Act requires electricity general-
ing companies which produce used nuclear fuel (OPG, NB
Power, Hydro Quebec) to:
= establish a waste management organization to provide
recommendations on the long-term management of
used nuclear fuel to the Government of Canada, and,

« establish segregated trust funds to finance the long term
management of the used fuel.

David Crombie

The Act also requires the wasle management organiza-
lion to establish an Advisory Council whose comments on
the waste management organization’s study and reports will
be made public.

Among the [lirst activities for the organization will be
a study of long-term management approaches for used
nuclear fuel, including the design of an innovative and
wide-ranging program of public consultation. As nofed in

the interview with Elizabeth Dowdeswell, inilial steps have
already been taken.)

Within three years the NWMO must submit to the Minister
of Natural Resources ils proposed approaches for the man-
agemenl ol used nuclear fuel, along with comments of
the Advisory Council. It must also identify its preferred
approach. Then it will be the responsibility of the Governor
in Council (Cabinet) to decide on the approach to be fol-
lowed. Once that choice has been made the Nuclear Waste
Management Organization will have the task of seeing thal
it is implemented, subject to all of the applicable regulatory
approvals.

The required Trust Fund was established on November
25, 2002 with the contributions stipulated, i.e.,
¢ Ontario Power Generation $500,000,000.

e Hydro Quebec and New Brunswick Power
each $20,000,000
* Atomic Energy of Canada Limiled $10,000,000

[Fach vear lhe named organizations musl contribute a
further amount:
e Ontario Power Generation $100,000,000
e Hydro Quebec and New Brunswick Power
each $4,000,000
» Atomic Energy of Canada Limited $2.000,000

The Trust Fund is to cover the cost of implementing what-
ever approach is eventually decided upon.

Board of Directors
The initial members of the Board of Directors are:

Richard Dicerni (Chair)  Ontario Power Generation
Ken Nash (Vice-Chair) 0OPG
Rene Pageau, Hydro Quebec

Stuart Groom, NB Power
Adele Malo, OPG
Fred Long, 0PG

Advisory Council

As noted above the Act requires the NWMO to establish
an advisory council. which is to review and comment on
the work of the organization. Further, the Act states that
reports from the Advisory Council must be made public.
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The Advisory Council has been established and, al the
time of writing, already has had lwo meetings.

The chair of the Advisory Council is David Crombie,
President and CEO of the Canadian Urban Institute. A
past mayor for the City of Toronto and former Member of
Parliament and Cabinet Minister, he has served on and
chaired several high profile panels and commissions. Mr.
Crombie was the first Chancellor of Ryerson Polytechnic
University and is the recipient of honorary doctorates of law
from the Universities of Toronto and Waterloo.

Helen Cooper,
Gordon Cressy,

Frederick Gilbert,  President of Lakehead University
Dr. Derek Lister,

Daniel Rozon,

The other members are:
David Cameron,
University of Toronto

Professor of Political Science at the

former mayor of Kingston,
community worker
Vice President of Ryerson University

holds Chair in Nuclear Engineering,
University of New Brunswick

Donald Obonsawin, former Deputy Minister of several

Ontario Ministries

Department Head, Engineering
Physics at Ecole Polytechnique de
Montréal

A Conversation with Elizabeth Dowdeswell

On January 23, 2003, Elizabeth Dowdeswell,
the recently appointed president of the Nuclear
Waste Managementl Organization, mel Lhe
cditor of the CNS Bulletin. Following is a sum-
mary of thal conversation. See the sidebar for

an outline of Ms. Dowdeswell’s background,

0.

A,

Ms. Dowdeswell, you have had an illustri-
ous career but none of your previous posi-
tions were even remotely connected with
an organization such as NWMO. Why did
you Lake the job?

I have already had a number of discussions
with key stakeholders [including CNS] and
these will continue with many others such as
residents of communities near nuclear power
plants, parliamentarians, municipal officials,
NGOs, ete. to identify their expectations. My
first months will be spent primarily listening,
There is no master plan carved in stone. We
cannol have a real dialogue without under-
standing whatl the concerns are. Only when
we understand those concerns and identify
the fundamental questions, can we turn to
proposing specific options. Our mandale is
to recommend a management approach.

Elizabeth Dowdeswell

It was not something 1 was looking to do

but I soon saw il as an exciting challenge.

It involves an essential policy issue of how

to balance benefits and costs. I acknowledge that many
people have fears [about nuclear waste]. 1 understand
the public response issue, having spent much of my life
in public service involving many forms of public engage-
ment. This is a real problem in search of a solution. The
challenge will be to try to develop a policy built not just
on science but also on social and ethical values, that is
to take a holistic approach.

Where are you in the program?

The organization has been set up as a non-profit corpo-
ration with a Board of Directors of six members chaired
by Richard Dicerni [VP of Ontario Power Generation]. An
Advisory Council has been established and has met three
times. Administratively we have located offices and are in
the process of recruiting staff and becoming operational.

I hope to develop a process thal is seen as

fair and transparent. In the end I want to be
able to go to the governmenl with a recommendation
which it will have confidence in and that it can enact. To
that end I intend to try a number of different methods
Lo reach people unlike a typical environmental assess-
ment panel. This can include community roundtables,
public opinion research, scenario building exercises,
and other methods.

The Act specifically mentions three approaches. Do you
consider that you could recommend some combination
or alternative?

We must look at the three approaches specified in the
Act but my understanding is that we can consider other
methods and possibly combinations.

We must do the technical studies such that people feel
that all options have been explored. After ten years we

10
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know a great deal about one option, deep geological
disposal. | intend to ensure that there is a genuine
exploration of all [feasible] options, taking in all fac-
Lors, technical, economic, social and environmental.

Where are you in engaging staff?

We plan to have only a relatively small core of people.
That core group musl be able Lo manage other con-
sultants and groups. Some stafl will be seconded from
the nuclear utilities but we have also been speaking
to social science and technical experts from other
industries, government and civil society. We also hope
Lo have an international group of advisors. We may be
advertising but a number of people have already heen
knocking on our door. The overall time frame is very
short.

You mentioned that an Advisory Council has already
been set up. Could you comment further ?

Yes, the Advisory Council was created very early and
includes some very impressive people. (See sidebar.)

The Council has already met three times and has a full
agenda Lo gain understanding aboul the nuclear industry
and waste management, to review international develop-
ments and past developments in Canada. We will be rely-
ing on the Advisory Council throughout the process, not
just at the time of the required reports. We have asked

the Council to challenge us every step of the way.

). During the Seaborn hearings representatives ol [irst

nations were very critical. Will you be dealing with this

issue?

A. The Act specifically calls for special attention to the
views of First Nations and we will be developing a con-

sultation strategy in concerl with them.

. You are required to submit annual reports. When will

you do the first one?

A. We must submit a report covering the 2002 [iscal year
even though we have been operating only since late fall.

This will be delivered by the end of March.

Elizabeth Dowdeswell

Elizabeth Dowdeswell hails from Saskatchewan and
allended the Universily of Saskalchewan where she
obtained a Bachelor of Science degree in home econom-
ics and a teaching certificate. She continued her stud-
ies at the Utah State University from which she holds a
Master of Science degree in behavioural sciences.

After a number of years as a high school teacher,
a university lecturer, educational consultant with the
Saskatchewan Department of Education, and a human
rights ombudsman she was appointed Depuly Minister
of Culture and Youth for the Province of Saskatchewan.
In that post she directed a major public review of cul-
tural policy and developed heritage legislation.

Moving to the federal scene, Ms. Dowdeswell was
the Assistant Deputy Minister of Environment Canada,
from 1989 to 1992, where she was responsible for
the national weather and atmospheric agency. In that
capacity she played a leading role in global efforts to
negotiate the treaty on climate change adopted at the
1992 United Nations Conference on Environment and
Development. She was also Canada's permanenl rep-
resentative to the World Meteorological Organization;

principal delegate to the Intergovernmental Panel on
Climate Change; and Canadian Chair of the Great Lakes
Water Quality Board.

From 1993 to 1998 she served as Executive Director
of the United Nations Environment Program, where she
led the agency's transformation into a modern organiza-
tion, developing programs in state-of-the-environment
assessment and reporting, environmental law, and
tackling new issues of trade and globalization.

Most recently, Ms. Dowdeswell’s professional activi-
ties have included: management consulting; Visiting
Professor in Global Health, Genomics and Ethics at the
University of Toronto; Commissioner of the Commission
on Globalization; and Associate Fellow of the European
Centre for Public Affairs.

She is the author of numerous publications in
both popular press and professional journals and has
received nine honorary degrees including six Doctor
of Law degrees from various universities, a Doctor
of Humane Letlers degree from Mount Saint Vincent
University in Halifax and the Memorial Gold Medal
awarded by Charles University in Prague.
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Radioactive Waste Management At AECL

by

R.D. Gadsby & C.J. Allan!

Ed. Note: The following paper was first presented at the PBNC 2002 conference in Shenzhen, China, October 2002.

Abstract

AECL has maintained an active program in radioactive waste management since 1945, when the Canadian nuclear
program commenced activities at the Chalk River Laboratories (CRL). Waste management activities have included
operation of waste management storage and processing facilities at AECL's CRL and Whiteshell Laboratories (WL);
operation of the Low Level Radioactive Waste Management Office on behalfl of Natural Resources Canada to resolve
historic radioactive waste problems (largely associated with radioactive ore recovery, transport and processing opera-
lions) that are the responsibility of the Federal Government; development of the concept and related technology for
geological disposal of Canada’s nuclear [uel waste:; development ol the Intrusion-Resistant Underground Structure

(IRUS) disposal concept for low-level nuclear waste; development of dry storage technology for the interim storage of

used fuel; and development and assessment of waste processing technology for application in CANDU nuclear power

plants and at CRL and WL.
Today these activities are continuing. In addition, AECL is:

e preparing to decommission the nuclear facilities at WL;

e carrying out a number of smaller decommissioning projects at CRL:

° putting in place projects to upgrade the low-level liquid waste processing capabilities of the CRL Waste Treatment
Centre, recover and process highly active liquid wastes currently in storage, and recover, condition and improve the
storage of selected fuel wastes currently stored in below-ground standpipes in the CRIL waste managemenl areas;
and

* assessing oplions for additional remediation projects to improve the management of other wastes currently in stor-

age and to address environmental conlamination from past practices.

l. Introduction

AECL, as the Federal Crown Corporation charged with
leading the development of peaceful applications of nuclear
lechnology in Canada, has a long history of managing radio-
aclive wastes, beginning with the establishment of the Chalk
River Laboratories (CRL) in the mid-forties. In fact, the first
radioactive waste managemenl area al the Chalk River site,
a landfill, received its first waste in 1947. Even before the
startup of CRL, Canada was already involved in the mining
and processing of radium and then uranium ores, and these
activities have left a legacy of radioactive wastes.

Radioactive wastes encompass a wide spectrum of char-
acteristics - including physical, chemical and radiological
properties. It is well recognised thal radioactive wasle
management needs to be planned and implemented as a
continuum of integrated activities that take account of the
various steps in waste management (see Figures 1, 2).
Thus, wasles need to be segregated and characlerized; so
that they can be processed, packaged, stored, and eventu-

ally disposed of in an optimum manner - i.e. conslraining
costs while meeling the fundamental objectives of protect-
ing worker safety, protecting public health, and protecting
the environment, now and in the future, while at the same
lime minimizing the burden passed to future generations.

2. Waste Management and
Decommissioning at AECL Laboratories
In the early days of radioactive wasle management at AECL
laboratories. the radiological hazards posed by radioactive
wasles were well recognised - e.g., solid wasles were man-
aged in segregated waste management areas. But, for many
years, the wastes were largely characterized and managed
on the basis ol external radiation fields to ensure the radia-
Lion protection of workers while constraining costs. Thus, at
CRL, very low activity liquids were directly discharged to the
Ottawa River with appropriate monitoring Lo ensure releases

I Atomic Energy of Canada Limited, Mississauga, Ontario, Canada L5K |B2
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Figure 1. Steps in Radioactive Waste Management

were well below regulatory limits, typically <1%. Higher
activity, large-volume liquid wastes were discharged to
gravel-filled dispersal pits built into sand overburden in des-
ignated waste management areas. Still higher activity liquid
wastes were processed to remove radioactive contamination,
using techniques such as ion exchange, reverse osmosis,
micro-filtration and evaporation. The highest activity liquid
wastes arising from the processing of fuels were placed into
storage in shielded tanks.

Similarly, very low activity solid wastes were placed into
sand-trench landfills; higher activity, but contact-handleable
wastes were placed in lined trenches and concrele bunkers:
and used reactor fuel and other highly active wastes were
placed into standpipes below ground, where shielding is
provided by the soil surrounding the standpipes and the
transfer of wastes from shipping flasks into the slandpipes
is relatively straight-forward (see Figures 3, 4)

Over time these waste management practices have
evolved as knowledge and technology have improved. Thus,
al AECLs Whiteshell Laboratories (WL), contact-handle-

Figure 3. High-activity waste being transferred from a shipping
flask into standpipe storage. Adjacent standpipes are covered
with resusable shielding plugs.
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Figure 2. AECL Waste Management Strategy

able wastes have been stored in above-ground storage
lacilities for many years, and this practice has recently
been adopted at CRL for solid wastes previously placed
into a landfill. The use of dispersal pits for liquids has been
discontinued at CRL and low-level liquid wasles are now
processed in an upgraded liquid waste trealmenl centre.
At WL, above-ground dry storage technology has been used
for the storage of research reactor and other fuels since the
mid-70s, but the use of standpipe technology is still used at
CRL for high-activity wastes. The intention, however, is to
phase out this practice over the next several years.

Recently, a comprehensive 10-year waste management plan
has been produced for the CRL site that identifies the remain-
ing gaps between current practices and best praclices world-
wide, and that defines the steps to be taken to close the gaps.
Project teams are being established within a project manage-
ment group dedicated to waste managemenl remediation and
enhancementl projects. The waste management remediation
projects are being carried out to address legacy liabilities that
have arisen from past waste management practices.

Figure 4. Standpipes for storage of high activity wastes during
construction. The standpipes are surrounded by sand to pro-
vide support and shielding.
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The suite of waste remediation and wasle enhancement
projects include the following: a project to recover, condi-
tion and place into a new interim storage facility, historic
research reactor fuels now stored in steel-lined concrete
standpipes, the Tile Hole Remediation Project; a project
Lo recover and process intermediate and high-level liquid
waste currently stored in a number of waste storage tanks,
the Stored Liquid Waste Remediation Project; a project
to construct a new waste characterization facility for low
activity solid wastes; a project to upgrade the capability of
the liquid waste treatment centre at CRL; a project to put in
place new long-term storage facilities for high activity solid
wastes to phase out the use of standpipes; and completion
of the "IRUS” (Intrusion-Resistant Underground Structure)
project to establish Canada’s first licensed disposal facility
for shori-lived radioactive wastes.

3. Low-Level Radioactive Waste
Management Office

The Low-Level Radioactive Waste Management Office
(LLRWMO) is a project group operated by AECL through a
cosl-recovery agreement with Natural Resources Canada, to
address non-AECL historic radioactive waste management
liabilities that are the responsibility of the Government of
Canada. The LLRWMO was established in 1982 as a small
dedicated project management organization, separately
funded and staffed by AFCI with technical and management
professionals overseeing projects and their related expendi-
tures. The LLRWMO performs work with its own core staff,
or oversees work led by consultants in the areas of waste sile
characterization, development of clean-up criteria, and engi-
neering and supervision of clean-up and remedial work. It also
constructs and operates interim storage facilities for historic
low-level radioactive waste and operates ongoing programs
to assist communities to co-exist with low-level radioac-
tive waste and contaminated land. To fulfill its mandate, the
LLRWMO works with communities and regulatory agencies to
clean up and manage waste on an interim basis and to develop
acceptable long-term waste management solutions.

Figure 5. Contaminated Soil Activities at Malvern
(Scarborough, Ontario)

The LLRWMO and its predecessor, the Federal-Provincial
Task Force on Radioactivity, have surveyed over 7,000 prop-
erties and structures for historic low-level radioactive waste
contamination and have cleaned up homes, residential proper-
ties, commercial properties, wooded areas, public parks and
roadways in various Canadian communities. The LLRWMO
has also built interim storage and management facilities.
About 500 sites have been cleaned up, ranging from private
residential properties and municipal buildings in urban areas
to parkland in suburban communities and remote sites along
historic transportation routes for uranium ores.

For example, in the Scarborough area of Toronto, Ontario,
68 occupied residential properties and three vacant sites
have been remediated (see Figure 5). About 16,600 cubic
metres of radium-contaminated soil was excavated and pro-
cessed using a custom-built mechanical sorting and segre-
gation system. Of this amount, about 50 cubic metres of
licensable material was transferred Lo the packaged waste
warehouse facilities operaled for the LLRWMO at CRL
(see Figure 6). About 9,000 cubic metres was placed in a
local purpose-built temporary storage area and is regularly
monitored. Through the process of sorting and segregation,
it was determined that over 7,000 cubic metres of material
did nol require special handling.

In Port Hope, Ontario, the LLRWMO has been aclive
since 1982 in remediation activities, the search for dispos-
al opportunities and the interim management of low-level
radioactive waste and contaminated sites. In 2001 June,
the LLRWMO was designated by the

Government of Canada to act as “proponent” to begin the
complete environmental clean-up of low-level radioactive
waste in the Port Hope area. This project will involve an
environmental assessment and licensing, construclion and
management of three new long-term waste management
facilities for about 1.5 million cubic metres of contaminated
material, and final remediation of hundreds of land parcels.
This new initiative, which will require 10 years to complete,
follows previously unsuccessful attempls by the federal
government and others to establish disposal or storage

Figure 6. Packaged Waste Storage at
LLRWMO Warehouse, CRL
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facilities enabling the final clean-up and relocation of the
historic low-level radioactive wastes. The recent success is
allributed to host community-proposed concepts to estab-
lish storage facilities within their own boundaries, which
culminated in a legal agreement between three municipali-
ties and the federal government in 2001 March for the safe
long-term management of the waste.

4, Used Fuel Management

The Canadian strategy for managing the used fuel from
Canadas CANDU ® nuclear power plants has been to
provide safe interim storage at the reactor siles using a
combination of pool and dry storage technology, and in par-
allel to develop the technology for disposal. Both pool and
dry storage of spent fuel are fully proven, based on many
years of successful, safe operating experience. In addition,
AECLSs extensive R&D program on the permanent disposal
of spent fuel has resulted in a defined concept for Canadian
[uel disposal in plutonic rock of the Canadian Shield.

5. Interim Storage of Spent Fuel

When a CANDU natural uranium fuel bundle is discharged
from the reactor after 12-18 months of irradiation, it is
removed Lo a pool system for interim storage. The waler in
the pool removes the residual heat produced by the spent
fuel and provides radiation shielding for workers. The com-
pact design of the CANDU fuel bundle, and the impossibility
of criticality occurring for CANDU natural uranium spent
fuel bundles in water pool storage, make for extremely
simple and economical pool storage. Fuel packing densities
are determined by considerations such as heat transfer and
not by the need to avoid criticality accidents.

After spent CANDU fuel has been out of the reactor for
about six years, its activity and rate of heat generation have
decreased sufficiently to allow the fuel to be transferred
to dry storage, if desired. Compared with wet storage, dry
storage is considered o have the following advanlages:
passive and inherently safe storage mode; less potential for
contamination of the storage facility; little or no corrosion
of fuel sheaths; less radiation exposure to operating per-
sonnel: minimal maintenance; low operating costs; simplic-
ity; and ability to add modules as required.

AECL started to study dry storage for spent nuclear fuel
in the early 1970s. Silo-like structures called concrete
canisters were first developed for the storage of enriched
uranium fuel from research reactors and were then further
developed for spent CANDU natural uranium fuel. By 1987,
concrele canisters were being used for safe and economical
storage of all spent fuel accumulated during the operation
of AECLs decommissioned prototype reactors (see Table
1). Each canister contains a stack of spent [uel baskels.
illustrated in Figure 7.

The same basic technology was then applied to on-site
dry storage of spent fuel generated by operating CANDU
nuclear power generating plants. New Brunswick Power
and Korea Electric Power Company selected AECLs con-
crete canister technology for their CANDU 6 nuclear gen-
erating stations at Point Lepreau (1989) and Wolsong 1
(1990) (see Table 1).

In 1989, AECL began development of a monolithic, air-
cooled concrete structure for dry storage, called MACSTOR
(see Figures 8, 9). MACSTOR modules require less land
area than concrete canisters for the same amount of spent
fuel and are suitable for storage of spent fuel assemblies
from other reactor types (PWR, BWR, VVER) as well as
CANDU reactors.

In 1995, Hydro-Québec built the first such system for
dry storage at the Gentilly-2 CANDU 6 nuclear generat-
ing station. In 2000, the Romanian company Societatea
Nationala Nuclearelectrica S.A. (SNN), the plant owner of
the Cernavoda station, proceeded with an international bid
for the supply of dry storage technology for spent fuel from
Unit 1 (and eventually Unit 2) of the Cernavoda CANDU 6
nuclear power plant. The MACSTOR system emerged as the
most suilable technology and AECL is supplying the com-
plete spent fuel packaging system and dry storage struc-
ture, including the construction of one storage module. The
project started in 2001 and is on schedule for the planned
construction of a MACSTOR module during the second half
of 2002, with [uel loading in 2003.

Since 2001, KHNP/NETEC (Korea) and AECL have been
developing a higher-capacity dry storage structure based
on the MACSTOR concept, for the Wolsong site. The
selected configuration is a 4-row MACSTOR-like module
with a capacity of 24,000 bundles stored in 400 baskets,

TABLE |: CANDU Spent Fuel Currently In Dry Storage

Location Fuel

17 MgU

67 Mgl

298 MgU

75 MgU

2790 MgU (lifetime)
2790 MgU (lifetime)
2790 MgU (lifetime)

Whiteshell Laboratories
Gentilly-1

Douglas Point

Nuclear Power Demonstration
PL. Lepreau

Wolsong-1

Gentilly-2

Number of Canisters
11

11

47

11

275 (lifetime)

275 (lifetime)

275 (lifetime)
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Figure 7. Basket Holding 60 CANDU
Spent Fuel Bundles

each holding 60 spent fuel bundles. The module design
(MAGSTOR/KN-400) is expected to offer a repetitive stor-
age density increase by a factor of about 3. compared to
concrele canisters that are presently in use .

6. Disposal of CANDU Nuclear Fuel Waste

Current storage practices have an excellent safety record
al CANDU sites, permit easy monitoring and retrieval, and
could be continued for many years. But storage, while an
extremely effective interim measure, is not considered Lo
be a permanent measure. Canada and other countries
with nuclear power programs have for many years been
developing the technology for the permanent disposal of
nuclear fuel waste. There is international consensus among
waste management experts that the preferred method lor
long-term management of nuclear fuel waste is land-based
geological disposal.

The objective of permanent disposal is to manage nuclear
fuel waste in such a way that security, monitoring and main-
lenance are not required, even in the long term. This does
nol mean that society would not use long-term institutional
controls as a mariagement tool, but rather that, even if such
controls should fail, human health and the natural environ-
ment would still be protected. In addition, even though
human intervention, such as retrieval of waste packages, is
not intended, it would not be precluded.

Land-based geological disposal would involve plac-
ing conlainers of waste in sediment or rock hundreds of
metres deep, with access from the land surface. The main
advantages of land-based geological disposal are that most
nations have within their borders rock types polentially
suilable for disposal facilities, and land-based disposal
concepts can be based on existing mining and engineering
lechnology. Research has concentraled on disposal media
(rock types) having one or more of the characteristics
commonly considered favourable for disposal. The deci-
sion Lo focus on a particular rock type or types is made
in each country on the basis of the geological conditions
within that country and a variely ol other relevant factors.

Figure 8. MACSTOR Dry Storage Module
— Gentilly 2

Figu.re 9. MACSTOR Dry Storage Module
— LWR Configuration

International research on land-based geological disposal of
radioactive waste has concentrated on five disposal media:
plutonic rock (often referred to as crystalline rock), salt,
clay (or shale), tuff and basalt.

The AECL concepl for disposal of Canada’s nuclear fuel
wasle is based on deep geological disposal in the rock of the
very stable Canadian Shield. In common with the approach
adopted in other countries, the disposal concept developed
by AECL entails isolating the waste from the biosphere by a
series of engineered and natural barriers .

Considerable efforts have been made internationally Lo
evaluate the behaviour of deep geological repositories with
Lime, as well as their long-term safety. There is an inter-
national consensus among waste management experts that
“appropriate usc of safely assessment methods, coupled
with sufficient information from proposed disposal siles,
can provide the technical basis to decide whether specific
disposal systems would offer to society a satisfactory level
of safety for both current and future generations” .

Several countries 6-16 including Canada 4, 17 have car-
ried oul quantitative assessments of the risk associated
with disposal. These analyses indicate that the amount of
contaminants moving from a repository to the surface would
be very small and that the radiological dose would be many
orders of magnitude below that from naturally occurring
radioactivity in the surface environment, and even further
below that known Lo cause harm,

The concept for the disposal of Canadas nuclear luel
wasle underwent an extensive environmental review by an
independent panel under the Government of Canada’s

Environmental Assessment and Review Process. In its
report, the panel concluded that from a technical perspec-
live, the safety of the AECL concept has been adequately
demonstrated for the stage ol development; but from a
social perspective, that there was not currently broad
public support demonstrated for the concept.

In response to the panel’s report and recommendation,
the Government of Canada has introduced legislation 19 ,
directing the Canadian utilities operating commercial nucle-
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ar reactors to establish a Waste Management Organization
(WMO) to study options for the long-term management of
nuclear fuel waste, including geological disposal based on
the concept developed by AECL, storage at reactor sites
and centlralized slorage. and to recommend a prelerred
option to the government.

Pending the formation of the WMO, Ontario Power
Generation (OPG) has conlinued to provide technical direc-
tion and financial support to advance and optimize the
disposal technology and to maintain key areas of technical
expertise. Over the past several years,

AECL has worked in collaboration with OPG to identify
the technical work scope and to perform the R&D required
to further develop technology for deep geological disposal,
in the areas of geoscience and methods for site character-
izalion, reposilory design and engineering, and long-term
safely assessment.

7. International Collaboration and the IAEA

At its Underground Research Laboratory (URL) in
Manitoba, AECL has conducted research and demonstra-
tion projects in collaboration with the waste management
organizalions in a number ol other countries, including
Finland, France, Japan, Sweden, United Kingdom and the
United States. A tecent achievement was the completion
of the first phase of the Tunnel Sealing Experiment (TSX),
co-sponsored by AECL, OPG. ANDRA of France, JNC of
Japan and the US-DOE 20 . The TSX is a large-scale dem-
onstration of the design, construction and performance of
concrete- and clay-based seals similar to those that would
be used in a geological repository. Two bulkheads, one
composed ol high-performance concrete and the other of
highly compacted sand-bentonite material, have been con-
structed in a tunnel in unfractured granitic rock at the URL
(see Figure 10). The results from the TSX have been used Lo
characlerize the performance of the two bulkheads under
applied hydraulic pressures.

The chamber between the two bulkheads has been pres-
surized to 4 MPa, a value representalive of the ambient pore

pressures in the rock at a depth of 420 m. Instrumentation
in the experiment monitors the seepage through and around
each bulkhead, as well as parameters thal are important
indicators of bulkhead performance. In the recently inili-
aled second phase ol the TSX, the performance of the two
bulkheads will be tested at higher temperatures, compa-
rable to those expected in a geological repository.

AECLs URL is dedicated to the study of technologies
related to the long-term management and deep geologi-
cal disposal and storage of nuclear fuel waste. For over
10 years, a major experimental program has been under-
taken in the URL Lo study and develop various facets of the
technologies that form the basis of the disposal concept for
Canada’s spent nuclear fuel.

In June of 2000, the Canadian government announced
an initiative to work with the TAEA in the development of
an International Training and Demonstration Facility for
nuclear fuel waste management and disposal technologies,
based at AECLs URL. The IAEA has emphasized the impor-
tance of addressing the challenges posed by the long-term
management and disposal of spent nuclear fuel and high-
level radioactive waste, particularly in view of the influence
this issue has on public perception and acceptance of
nuclear energy.

There is wide international interest in developing expertise
and hands-on experience in an underground laboralory envi-
ronment, particularly among IAEA member states that do not
have their own URLs. Such arrangements are also viewed as
being of mutual benefit by countries with existing URLs.

Other countries have now offered the use of their under-
ground facilities to support the IAEA objectives, ¢.g., Belgium,
Switzerland, the US, resulting in the formation of an IAEA

AECL has been managing radioactive wastes f[or over 50
yvears — and has acquired substantial expertise, capabililies
and technologies thal can now benefit international clients,
while AECL continues to manage Canada’s nuclear legacy.
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The Maple Reactor Project

by G. R. Malkoske! and J.-P. Labrie?

Ed. Note: The following paper was
presented at the PBNC 2002 confer-
ence in Shenzhen, China, October
2002 under the title Maple Reactors
for the Secure Supply of Medical
Isotopes.

Abstract

MDS Nordion supplies the majority
of the world’s reactor-produced medi-
cal isotopes. These isotopes are cur-
rently produced in the NRU reactor
at AECLs Chalk River Laboratories
(CRL). Medical isotopes and related
technology are relied upon around the
world to prevent, diagnose and treat
disease. The NRU reactor, which has
played a key role in supplying medical
isolopes Lo date, has been in opera-
lion for over 40 years. Replacing this
aging reactor has been a priority for
MDS Nordion to assure the global
nuclear medicine community that
Canada will continue to be a depend-
able supplier of medical isotopes.

MDS Nordion contracted AECL to
construct two MAPLE reactors dedi-
cated to the production of medical
isotopes. The MDS Nordion Medical
Isotope Reactor (MMIR) project
started in September 1996. This
paper describes the MAPLE reactors
that AECL has built at its CRL site,
and will operate for MDS Nordion.

. Maintaining an Essential Source of Global Supply

This paper describes the role of MDS Nordion and AECL in providing a secure
global supply of medical isotopes. The first part of the paper discusses the uses
of medical isotopes, their importance to the medical community, and the benefits
to patients of a secure supply of medical isotopes. The second part describes the
new MAPLE reactors being commissioned at AECLs Chalk River Lahoratories o
meel the world market demand for medical isotopes for the next 40 years.

MDS Nordion is the world's leading supplier of medical isotopes. The company is
in the business of supplying isotopes used to conduct some 34,000 nuclear medi-
cine procedures performed every day around the world, such as determining the
severity of heart disease, the spread of cancer, and diagnosing brain disorders.

There are currently more than 100 medical applications for radioisotopes, with
80% of nuclear medicine procedures relying on just one isotope, molybdenum-99.
Some of these procedures are performed using medical isotopes that have lefl the
reactor only 41 hours earlier. This is truly a just-in-time business and a global
endeavour. As the radioisotope decays, MDS Nordion must deliver the product to
the customer as quickly as possible.

Moreover, 5000 hospitals in North America depend on this supply each week.
Other examples of hospitals around the world that rely on the supply ol medi-
cal isotopes currently produced at AECLs NRU reactor include 850 hospilals in
Germany, more than 1000 hospitals in Japan, and 250 hospitals in Argentina.

MDS Nordion’s medical isotope business is also creating exciting new applica-
tions in radioimmunotherapy. Today, molybdenum-99 is the most extensively used
isotope.

However, new medical techniques are providing opportunities for iodine-131,
and iodine-125 and xenon-133 usage is also growing. For example, novel ways of
using radioisotopes are being developed to treat diseases such as non-Hodgkin's
lymphoma, a blood-borne cancer. These developments will expand the horizon for
applications of medical isotopes.

The NRU reactor owned by AECL at Chalk River has operated since 1957 and
has been producing molybdenum since the early 1970%s. Today the NRU also sup-
plies other medical isotopes, including cobalt-60.

In 1996, MDS Nordion and AECL responded to the concerns of the nuclear
medicine community about the long-term, secure supply of molybdenum-99, and
announced an agreemenl that will ensure a reliable and economic supply of radio-
isotopes to hospitals and clinics worldwide.

The agreemenl provided for the construction of two MAPLE reactors and a
high-volume, commercial, first-stage processing facility at AECLs Chalk River
Laboratories. MDS Nordion will own the reactors and processing facility, and be
responsible for managing the business and planning activities of isotope produc-
tion. AECL has been conlracted to design, build, and operate the facilities on
behalf of MDS Nordion.

| Vice-President, Engineering & Technology, MDS Nordion, Ottawa, Canada

2 General Manager, MMIR Project & Isotope Sales, Atomic Energy of Canada Limited, Chalk River, Ontario,
Canada
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Active commissioning of the facilities has been on hold
since July 2000 after problems were encountered during
testing of the MAPLE 1 shut-off rod operation. Investigation
into the root cause of the problems identified some work-
manship issues in the construction of the facilities that had
not been captured by the quality management system in
place during construction.

This led to the detailed re-inspection of all MAPLE reac-
tor and processing facility systems. Since July 2000, activi-
ties have been underway to correct the problems with the
operation of the shut-off rods, and to address the workman-
ship issues that were identified. These activities are nearing
completion. At no time was there any impact on safety to
workers, the public or the environment.

Figure |: MAPLE reactors and isotope processing facility Commercial production of medical isotopes in the new
facilities is now scheduled for 2003, more than two years
later than the original project objective.

The MAPLE reactors will be the only reactors in the world
totally dedicated to the commercial production of medical

radioisotopes. MDS Nordion’s significant investment in the 3. The MAPLE Reactors

AECL site at Chalk River will capitalize on the extensive Figure 2 shows a cross section of the MAPLE reactors.
infrastructure, expertise and experience of AECL for the reli- The reactors are open pool-type reactors, each with a
able, continuous production and supply of medical isotopes. thermal power of 10 MW, designed for the sole purpose of

producing medical isotopes.
2. The MDS Nordion Medical

Isotope Reactor (MMIR) Reactor Hall
Project (Room180)
In August 1996, MDS Nordion contracted work platform—| | ?825?5%32‘3’&?’
AECL to build two MAPLE reactors and an asso- i || QHpEEre
ciated isotope processing facility at AECLs Chalk =
River Laboratories. The MMIR Project started in : [elev.1455m
September .1 996. .The oblectlveg o.t the prp]ect B<»D e poort
were Lo design, build, and commission two iden-
tical 10 MW MAPLE reactors and a processing chimney lid
facility that would start commercial production tie rods (2) SR rods (3)

of medical isolopes in calendar year 2001.

The environmental assessment for the proj-
eclt was approved in April 1997, construction
approvals were granted in December 1997,
and all construction work was completed in

Reactor Pool Transfer Trench

29 months by May 2000. Figure 1 shows Lhe ) i - )
MAPLE reactor and the isolope processing systom buet pipes Tl elev, 1405 m
facility buildings (these are the buildings with
beige siding). The pholograph also shows the SOR hydraulic tubing
NRU reactor in the background and the NRX  [SOR “V?I’:s‘;gg gﬁ',in'."ﬁ:';_ A
reactor, which was shut down in 1992, (o the _ g;'ster;y inlet pi%e
right in the photograph. Sl

Operating licences for the MAPLE 1 reac- CAR & SOR absorbers__|
tor and the processing facility were granted on circular flow tubss #{ﬁﬂggtﬁﬁfﬂgawwﬂen
in August 1999. The licence was amended in dump tank |__reactor core (flow tubes
June 2000 to include the MAPLE 2 reaclor. grid plate———] i e R
Commissioning of the facility systems started _
in June 1999 and overlapped the construction L elev. 136.0m
phase. The MAPLE 1 reactor achieved its first KB Ricier
sustained chain reaction in February 2000, just
41 months after the start of the project. Fig. 2: MAPLE Reactors (SOR = Shut-off Rod, CAR = Control Absorber Rod)
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Figure 3: MAPLE Reactor Core (CAR = Control Absorber Rod)

The reactors are fuelled with Low-Enriched Uranium (LEU)
silicide fuel dispersed in an aluminium matrix. The fuel is
manufactured by AECL. The reactors are licensed to irradi-
ate Highly Enriched Uranium (HEU) targets in their core to
produce the following medical isotopes as fission products of
uranium-235: molybdenum-99, iodine-131 and xenon-133.

Fuelling and target removal operations are performed
manually from the top of the reactor pool with the reactor
shut down. The reactor core, which measures about 400
mm in diameter and 600 mm in height, is near the bottom
of a 10 m deep pool.

Figure 3 shows the MAPLE reactor core during low-power
commissioning. The core has 19 fuel sites, consisting of 13
hexagonal and 6 circular sites. Nine hexagonal sites contain
36- element LEU fuel bundles, and the remaining four con-
tain HEU isotope production targets.

The six circular sites contain 18-element fuel bundles. A
heavy water reflector surrounds the core and contains irra-
diation sites for the production of iodine-125.

Each MAPLE reactor core, including the LEU driver fuel
and HEU targets, contains a nominal uranium-235 content
of about 5 kg. The LEU fuel is aluminium that contains
619% (weight) uranium-silicide. The uranium is enriched
with 19.75% (weight) uranium-235. Each fuel element
contains an 11.85 g uranium-235cylindrical core, 6.35 mm
in diameter by 600 mm in length, in an aluminium cladding
surrounded by eight cooling fins al 45 ° intervals.

The HEU targets each contain 18.5 g of uranium-235 in
the form of uranium dioxide with 93% (weight) uranium-235.
The targets are a thin annulus of uranium dioxide crush-com-
pressed between two concentric zircaloy tubes. The nominal
dimensions of the targets are 15.2 mm 0D, 13.2 mm ID, and
482.6 mm length. The average linear power is 32 kW/m for
fuel elements and 140 kW/m for targets. Figures 4 a) through
4 ¢) show the peak thermal neutron flux distribution in the

chimney lid s

(open)

reactors and the typical axial profile,
based on measurements at 1 kW and nor-
malized to 10.252 MW,

The reactor core is cooled by forced
water flow. Water, circulated by the prima-
ry cooling pump, enters the inlet plenum
(see Fig. 2) and flows vertically upward
through flow tubes that contain fuel or
targets. The water exits from the flow
tubes into the chimney, where it mixes
with a descending flow of pool water. The
combined flow leaves the chimney through
two outlets and then returns to the suc-
tion side of the pump. The pump directs
the flow through a heal exchanger, where
heat is rejected to the process water
system. The total water flow through the
core is 320 kg/s, and the maximum outlet
pump pressure is 705 kPa (g). The core
inlet water temperature is 30 °C, and the
core outlet temperature is 37 °C.

Each MAPLE reactor has two independent and diverse
safety systems. (See Figures 2 and 3.):

e Safety System 1 - has three hydraulically actuated shut-
off rods.

o Safety System 2 - has three electromagnet actuated con-
trol absorber rods and a hydraulically actuated reflector
dump system.

/

Any two of the three shut-off rods that are dropped into
the core will place the reactor in a stable sub-critical state.
Similarly, any two of the three control absorber rods Lthat
are dropped into the core will place the reactor in a stable
sub-critical state. The reflector dump system will also place
the reactor in a stable sub-critical state.
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Fig. 4a) Peak radial thermal neutron flux distribution
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Comparison of Measured and Calculated
Axial Thermal Flux Profile

1.1

[0 ) O S s
Site N24
» Mo Taraet
5 09 — —
[T
=
H 08|
[
207 1— —o— Measured fluxnrm |
——3DDT fluxnrm |
0.6 .
0.5 - :

1] 100 200 300 400 500 600

Axial Position (mm)

Fig. 4b) Normalized axial thermal neutron flux distribution at
target site 6

During operation. the three shut-off rods are held out of
the core by their hydraulic systems.

The control absorber rods are used to control reactor
power, and are driven by electric motors at the top of the
reactor. When the reactor needs to be shul down (e.g., for
fuelling), the control absorber rods are driven into the core,
and the shut-off rods are left poised outside the core. Figure
5 shows the MAPLE reactor control room. Each MAPLE
reactor is controlled by a programmable conlrol system that
includes control processors, input/output modules, com-
municalion components, a display system, printers, and a
maintenance system. The Reactor Control Computer System
(RCCS) senses the state of reactor systems by the signals it

receives from field instruments. The RCCS achieves control
by manipulating elements of the control system such as the
position of control absorber rods, opening of valves, etc.
The RCCS performs the following main functions:

e power regulation,

® process control,

e gsystem monitoring and alarming, and

¢ historical data storage.

The power regulation function controls the reactor
power level by adjusting the vertical position of the control
absorber rods.

The process control function is achieved by turning
pumps on and off, adjusting throttling valves, and opening
and closing isolation valves for the primary cooling system,
reflector cooling system and process water system.

System monitoring consists of data collection from field
instruments and from within the control algorithms. This data
is available for display to the operator at the control console.
Abnormal conditions initiate alarms and may also iniliate
the automatic shutdown of the reactor.

Selected data is recorded and stored by the display
system. The data is available for display at the control
console or may be exported for off-line analysis and/or
permanent archiving,

4, Conversion to LEU
Studies have been underway since 1999 to assess the
feasibility of converting isotope production in these facili-
ties from a high to low-enriched uranium target Lo address
USA nuclear non-proliferation initiatives.
In concert with the global trend to utilize LEU in research
reactors, MDS Nordion has launched a three phase
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LEU Target Development and Conversion Program for
the MAPLE facilities. The three phases are:

e [Initial feasibility study;

e Conversion Development Program; and

¢ Conversion Implementation Program.

Phase 1, the Initial Feasibility Study, completed by
AECL in May 2000, identified the technical issues to
convert the MAPLE reactor targets from HEU to LEU
for large-scale commercial production. This phase
indicated that the main challenge to conversion comes
from producing five times more uranium wasle with
LEU than HEU.

The second phase of the LEU Target Development
and Conversion Program was developed with extensive
consultation and involvement of experts knowledgeable
in target development, process system design, enriched
uranium conversion chemistry and commercial scale
reactor operations and molybdenum production.

Fig. 4c) Normalized axial thermal neutron flux distribution at 36-ele-

ment fuel site

MDS Nordion is currently engaged with AECL,
Argonne National Laboratory (ANL), and the Société
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3. el

Figure 5: MAPLE Control Room

Générale pour les techniques Nouvelles (SGN) in a develop-
ment program to assess options to manage the additional
wasle from medical isotope production using LEU. The
Phase 2 Conversion Development Program will be com-
pleted in 2003, and will be followed by an assessment of
the economic impact of converting the facilities to medical
isotope production with LEU.

5. Conclusion

The MAPLE facilities are specifically designed for one
purpose: the reliable, commercial production of medical
isotopes. MAPLE 1 and 2 are the only privately owned reac-
tors in the world that are designed exclusively to produce
medical isotopes.

The combined strengths of MDS Nordion and AECL will
capitalize on their extensive infrastructure, expertise and
experience for the reliable, continuous production and supply
of medical isotopes. The operation of the MAPLE facilities
will be managed within an overarching culture of safety,
superior performance, and a commitment to excellence.

AECL and the CNSC are engaged in a regulatory process
that will ensure safety of design, an effective quality man-
agement program, reliability of operations, and protection
of the environment. In fact, these will be the hallmarks of
success for the project and its ongoing operations. Our strict
adherence to such principles will enable Canada to remain
as a premier supplier of medical isotopes to the international
health care community.

Timely completion of the MAPLE project will ensure a
secure, safe and reliable supply of medical isotopes, which
is a priority for the global nuclear medicine communily
and for the patients who benefit from this technology. With
the MAPLE facilities, Canada will continue to be the front-
runner in medical isotope supply for many years to come.
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Sustaining the Future:

The Role of Nuclear Power in Meeting Future World Energy Needs
by Romney B. Duffey! and Yuliang Sun?

Ed. Nole: The following paper was presented at the
PBNC 2002 conference in Shenzhen, China, October
2002.

Abstract

A description is given of recently informed analy-
ses showing the potential that nuclear power has in
meeting global energy demands. For both the elec-
tricity and transportation sectors, we can quantify
the beneficial effects on the environment, and we
show how nuclear power deserves credit for its role
in assisting future world energy, environmental and
economic sustainability.

The continuing expansion of the world’s and Asia's
energy needs, coupled with the need to reduce green-
house gas (GHG) and other emissions, will require
new approaches for large scale energy production and
use. This is particularly important for China and Asia
with respect to meeting both the energy demand and
sustainability challenges. We show and explore the
role of nuclear power for large-scale energy applica-
lions, including electricity production and hydrogen for
transportation. Advanced nuclear technologies, such
as those like CANDU's next generation ACR, can meel
future global energy market needs, avoid emissions,
and mitigate the potential for global climate change.

We use the latest IPCC Scenarios out Lo the year
2100 as a base case, but correclt them Lo examine
Lhe sensitivity to large scale nuclear and hydrogen
fuel penetration. We show a significanl impact
of nuclear energy on energy market penetration,
and in reducing GHGs and other emissions in the
coming century, particularly in the industrial devel-
oping world and in Asia. This is achieved wilthoul
needing emissions credits, as are used or needed as
economic support for other sources, or for subsidies
via emissions trading schemes.

Nuclear power offers the relatively emissions-free
means, both Lo provide electricity for traditional
applications and, by electrolytic production of hydro-
gen, to extend ils use deep into the transportalion
sector. For the published IPCC Marker Scenarios for
Asia we show the reduction in GHG emissions when
electrolysis using electricity from nuclear power
assists the introduction of hydrogen as a fuel. Thus,
nuclear energy assists in providing both environ-

mentally and socially sustainable global economic
and energy growth.

l. Introduction: The Nuclear
Innovation Option

There is increasing awareness of the positive
effect of electricity produced from nuclear power
in reducing the increasing amounts of global
Greenhouse Gases (GHGS) is al least a factor in the
nuclear industry’s perception of a coming revival in
nuclear deployment. Several developed countries
have already acknowledged that meeling their Kyoto
Protocol objectives will not be possible withoutl the
incorporation of nuclear energy. Many countries
that are now using nuclear energy have plans for
increased use of nuclear in generating electricity in
the next ten years.

While there is certainly scope for energy con-
servation in the developed world, the current low
per-capila energy consumption in the developing
world creates almost irresistible pressure toward
a rise in global energy consumption. Energy and
especially electricity consumption rise by factors of
three to seven in all of the Intergovernmental Panel
on Climate Change’s (IPCC's)[1] scenarios for the
21st century. So abating GHG emissions is depen-
dent on switching to fuels with intrinsically low CO2
emissions.

Innovations now underway in nuclear engineer-
ing and technology hold great promise and proven
potential to significantly reduce GHG emissions that
contribute to climate change. Our analysis shows
thal a technology-based Nuclear Innovation Option
can mitigate or even reverse climate change by:

a) Adopting and building new and competitive
zero-GHG emilling next generation Advanced
CANDU Reactor (ACR)3 plants as an alternative
Lo fossil fuels.

b) Transitioning to the early use of hydrogen in
transportation, with hydrogen produced from
non-carbon sources using ACRs, at a rate and
price consistent with new technology.

I Atomic Energy of Canada Limited, Chalk River, Ontario, Canada

2 Institute of Nuclear Energy Technology, Tsinghua University,
Beijing 100084, PRChina

24

CNS Bulletin, Vol. 24, No. |



¢) Utilizing nuclear energy to unlock cogeneration energy
production, withoul causing any increased production
emissions.

The Nuclear Innovation Option can therefore contribute
significantly to the world meeting its international com-
mitments, provides an Option path forward that avoids
any restraints on energy use or trade, and uses the latest
nuclear technology. For both China and Canada, this is an
important consideration to enable future sustainable eco-
nomic growth.

2, Nuclear, Wind and Hydro have Near
Zero Emissions

For each kilowatt of installed nuclear power, there can
be “avoided emissions” of approximately 400 to 700 grams
of CO2/KWh.
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Figure |: Relative carbon emissions from power sources

(Sources: IAEA, GaBE Project, Hydro Quebec and NRCan)

The source of this data is the International Atomic
Energy Agency (IAIKA); the numbers are consistent wilh
the European Union’s “"GaBE Projecl” resulls, with Hydro
Quebec estimates, and with other independent studies in
France and elsewhere.

Figure 1 shows the total life-cycle CO2 emissions to the
atmosphere for different electricity generating sources.
This includes the entire fuel cycle (including mining), plant
construction, the plant operating life, and decommissioning
and — at least for nuclear energy — waste disposal, so there
is a full accounting and no emission amounts are hidden or
allocated elsewhere.

The numbers correspond to avoiding about 5 million
tonnes of CO2 per year (Mt/y) for a typical 600 MW(e)
nuclear plant vs. a coal-fired plant, or 2-3 million tonnes
per vyear vs. a modern combined-cycle gas Llurbine.
Similarly, very large relative reductions also occur for other
emissions, such as sulphur dioxide and nitrous oxides.

Now and in the future, China and Asia will have greal
challenges and pressure in the areas of both environmen-
tal protection (nationally) and GHG emissions reduction
(internationally), particularly given the large use of coal-
fired generation.

3. The Source of the Emissions
Emissions come from all sectors but the largest contribu-
Lors are from transportation and electricity generation.
Figure 2 shows “equivalent” Carbon emissions in millions
of tonnes into the atmosphere from the transportation sec-
tors of the North American, European and Asian economies.
These numbers are from Department of Energy's (DOE's)[2]

Carbon Fuel Use
Tr port emissi from 1999 proj to 2020
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Figure 2: Emissions from oil use in transportation (Source: US
Energy Information Agency, 2002) with the arrow showing the
vector of the increases with time from 1999 to 2020

latest estimales and projeclions, spanning from the present
out to 2020 assuming a modest rate of economic growth.

Note particularly that the transportation sector is the
largesl contributor and ils contribution is expected to grow.
It is also an important contributor to environmental pollu-
tion in the cities in China. As oil use rises, so exactly do
the carbon emissions. Asia and others are also inexorably
tracking the US and Europe into greater dependence on an
imported energy (oil and gas based) economy. What this
means is that we must examine both the power generating
and the transportation sectors for the maximum contribu-
tion from innovation to both reduce emissions and depen-
dence on imported oil.

4, Timeframes and Strategies:
Beyond Kyoto

The Kyolo Accord conlains measures that can cause imple-
mentation o have the potential for noticeable economic pain.
But behind the detail of Kyoto lies international recognition

3 CANDU is a registered trademark of AECL and Advanced CANDU Reactor and ACR are trademarks of AECL
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that the Earth’s biosphere may lack the capacity to accept
GHG emissions at current and projected levels without unac-
ceptably dire consequences for the planets climate. This rec-
ognition is implicit in international acceptance of the Kyoto
Accord and worldwide it is sure that reductions greater than
“5% below 1990 levels” will be needed. Indeed, the implica-
tion of the IPCC work is that cuts far beyond 50% are likely
going to be required globally before 2050, and such measures
are already being debated in Europe.

We suggest that such a longer-term, and far more
demanding, requirement must remain prominent in plans to
address the Kyoto targets. Very few of the possible solutions
presently envisaged using conventional fuels are capable of
causing even a 50% reduction in emissions.

Now this should not preclude pathways where small,
short-term changes can be made at low cost (e.g.. more
ellicient vehicles using conventional fuels). But we would
suggest that the longer-term requirement ought to weigh
heavily against some of the more disruptive responses. For
example, any approach requiring substantial new infra-
structure for an alternative fuel should be rejected unless
it has the ultimate capability of delivering GHG cuts well in
excess of b0%.

It is also important to note that ways of meeting the
energy demand challenges are somewhat constrained by
different national situations, with varying relative contribu-
tions of carbon energy sources.

5. Reduction of Emissions: Impact of
Nuclear Innovations for
Power Generation

Without the operating and refurbished nuclear plants, the
world cannot meet any emissions reduction target by 2010
or beyond.

A large [raction (~7%) of the world’s electricity now comes
from nuclear power. Globally, this use of nuclear avoids burn-
ing of significant amounts of carbon fuels. The “big picture”
numbers in terms of global environmental benefits are that
17% of the world's electricity that comes from nuclear plants
avoids emissions of 2 to 3 billion tonnes of CO2 annually.

For Asia, it is anticipated that the use of nuclear energy

m

T

S

Figure 2: The New ACR-700 Concept (Source: AECL)

will grow as energy demand and use grows.

The nuclear innovation from Canada is the “next genera-
tion” of CANDU, which includes the new ACR series (Figure
3). The ACR is an evolutionary design that does not involve
a leap in technology, and builds seamlessly on present expe-
rience. By optimizing the whole plant design, including an
increase in efficiency of ~10%. and adopting a more compact
layout, the capital target costs are significantly reduced (by
over 40%) over current designs and competitors.

Competitive power markets demand a cost of ~$1000/kW
installed. AECL is proceeding to design the low-cost ACR
series for deployment in 2005 and beyond in Canada and
large international (China, US, and UK) markets. The ACR
is recognized as innovative by the International Generation
IV Initiative, which include the U.S., Japan, France, U.K.,
Argentina and Korea. It scores highly against all the formal
Evaluation Criteria used by the US DOE for assessing
advanced concepts.

CANDU ACR can contribute significantly to future avoided
emissions as well as Lo meeting the competitive power
markel, because the unit energy cost of the ACR is very
competlilive.

In much of Asia. natural gas is a low-cosl competitor in
the power market, but is sensitive to fuel price. whereas
coal is the basic competition in China. Thus, nuclear should
be in an advantageous position provided there is a com-
petitive price. The need for energy security requires both
options and a [uel mix that retains price stability.

Markets and investors require significant returns on
investment also, and commercial funding of new plant
construction is essential (with government guarantees only
where necessary in the national interest). The competitive
position for the ACR is retained for higher rates, and com-
petes with gas and coal, thus giving it access to a large
market “share”. Thus, a large contribution from the ACR
is expected in both the world and Asia’'s energy mix, with a
potential to deploy the first units by 2009.

This low generating cost also makes electrolysis of water
to produce hydrogen (perhaps during off-peak hours) eco-
nomically attractive versus conventional methods.

6. New 21 st century Global Emissions
Scenarios and Emerging Scientific
Consensus on Climate Change

The threat from Climate Change is real, and the technical
consensus is emerging.

Estimates of global future emissions for the 21 st cen-
lury have been published by the United Nations IPCC. In its
new report (Figure 4), the IPCC predicts large increases in
€02 and potentially adverse effects of Climate Change and
potential global warming.

The “Emissions Scenarios” from the IPCC examine many
alternate futures, including business-as-usual, and they
allow for energy use growth consistent with the global eco-
nomic and social growth patterns. Considerable energy use
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Projected Energy Use in Asia (IPCC Marker Scenarics 2000)
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resources, as is the case in China. Hydrogen produced
by electrolysis. using nuclear-generated electricily,
offers a pathway with unparalleled potential for GHG
reduction and sustainable development worldwide.
The source of hydrogen must be a non-carbon one.
There are presently two economic and proven sources
of hydrogen: natural gas reforming and electrolysis
of water. However, using conventional natural gas
reforming produces even more CO2, as energy is used
to drive the primary endothermic reaction (39% more
CO2 than simply burning the gas directly), whereas
hydrogen from nuclear power does not produce GHG.
Electrolysis is a standard process, and can use proven

Figure 3: Recent scenarios for the 2lst century predict significant

effects, and new nuclear plants (Source: United Nations, 2000)

and economic growth occurs in developing nations. Four
major scenarios (the “Marker Scenarios”) cover most of the
range ol assumptions. All scenarios envisage increases in
energy use, as well as in energy efficiency, renewable and
nuclear energy use.

The IPCCs scenarios all include expanding nuclear
deployment, in most scenarios growing by an order of
magnitude by 2050 above the current level (see Figure
3). However, in its projections, the IPCC has assumed
thal nuclear will remain confined to supplying traditional
electricity markels and modestly increasing the electric-
ity shares. Consequently, and despite projecling substan-
tial increases in energy supplies from other sustainable
sources, none of the IPCC projections offer a solution to
the build-up of GHGs in the atmosphere.

We contend that only a much greater reliance on nuclear
power can stabilize GHG levels and halt the expected rise
in global temperatures. And to realize the full potential of
nuclear, its role will have to expand into energy sectors not
traditionally supplied by electricity.

Applications of nuclear-produced steam can be added.
However, the major opportunity is across the whole trans-
portation sector through what has become known as the
“hydrogen economy” with the hydrogen supplied by elec-
trolysis of waler using nuclear-generated electricity.

The innovative nuclear technologies on the near horizon
(e.g., the CANDU ACR by 2005) and hydrogen-fuelled per-
sonal automobiles are both expected by 2005-2010, pos-
sibly preceded by heavier vehicles like city buses fuelled
by hydrogen. For greatest effecliveness, Lransportation will
likely convert hydrogen to electricity in fuel cells but hydro-
gen-fuelled internal-combustion engines are a possible
bridging technology that at least one of the “Big Three”
North American auto manufacturers is pursuing.

7. Innovation Option in Transportation
Hydrogen Fuel
Much pressure and challenge can come from limited oil

technology, easing up the natural gas demand.

In contrast, nuclear power is available virtually with-
out limit and at low cost: the ACR series will produce
electricity at a fully amortized cost of ~3 US¢/KW-h.
Because nuclear power is not subject to the fluctua-
tions of season or weather, this dependable electricity can
be sold into the premium markets of peak demand, driv-
ing down the cost of electricity used to produce hydrogen
during non-peak hours,

As an example, using the average vearly distance driven
by North American vehicles (~20,000 km/y) and fuel cells at
~70% efficiency, a single ACR can supply enough energy to
fully fuel ~600 to 650 thousand fuel cell vehicles each day.
The avoided CO2 is roughly 5t/vehicle for each year (based
on 20,000 km/y travel and current technology). Thus, one
ACR avoids, using modern centralized or distributed home
electrolysis cells at 70% efficiency for hydrogen production:
650,000 vehicles x 5t CO2 /vehicle ~3.25 Mt CO2/y.

Hydrogen-fuelled vehicles can be relatively easily added
at a rate of 5% or perhaps more each year, corresponding
Lo a conventional auto 20-year fleel turnover or life. This is
compared Lo current transportation emissions, even exclud-
ing the emissions from production and distribution. Crucial
to the introduction of hydrogen is thal the electrolysis of
water can be centralized or distributed, avoiding the issue
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Figure 5: The Option of Reduction and Management of Climate
Change (Source: AECL Results using MAGICC SCENGEN)
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changes to the climate from GHG emissions. While not
itself a model of the atmosphere, MAGICC SCENGEN
was crealed to follow the effects predicted by the
global atmospheric models and to allow exploration
of climate change assumptions and their impact on
global temperature and sea level as a function of the
concentrations of carbon dioxide (CO2), methane
(CH4) and nitrous oxide (N20).

The IPCC Marker Scenarios themselves incorporate
an expected span of different assumptions including
population, land use, economic growth and the energy
mixture. In the IPCC Marker Scenarios by 2100 nuclear
energy is projected to contribute from between 3 and
30% of the global total. Nuclear energy is assumed
to contribute even less than renewables in three of
the four scenarios because its use is restricted to the
scenario’s electricily generalting sector, and hence is
not assumed to be deployed in transportation. In addi-
tion, the IPCC assume a generating cost of 9 ¢/kW -
h for new NPPs, whereas “Generation IV” designs are
actually targeted at less than 3 ¢/kW - h. These major
differences in assumptions alone can markedly shift
the results and mixes that are defined above.

Using the IPCC Marker Scenarios as a baseline, the
overall timeline was designed to determine the maxi-
mum extent of the nuclear contribution:

Figure 4: Final Energy Mix in Asia for Nuclear plus Hydrogen Fuel

of infrastructure for a new fuel. To the vehicle owner, the
cost of fuel (hydrogen) is competitive even if off-peak elec-
tricity costs are as high as ~4 ¢/kW - h [3].

All the technology and innovation is already available.
from a combination of ACR (AECL) and other fuel cell and
electrolysis companies. In a typical transport sector, light
road vehicles comprise about 50% of total energy use.
Converting other forms of transportation to nuclear-electric
hydrogen is likely to be even easier and the benefits would
be no CO2 emissions from 80% or more of transportation,
without the need to restrict most other carbon fuel use
(e.g., in the industrial sector).

We have analyzed and quantified the impacts and benefils
of these innovation Options.

8. Innovation Option: Reducing Power and
Transportation Sector Emissions is Key
to a Sustainable Future

The maximum impact on the 21 st century of new nuclear
technology and innovation has been examined, and it is
profound.

The IPCC scenarios were examined using a global energy
use model (MAGICC) coupled with a model for climate
change (SCENGEN)|4], which is a scoping tool for dynamic
global analysis of GHG emissions from different energy
sources. The outpuls enable relative estimates of potential

1) 5% of transportation energy using hydrogen fuel is
introduced by 2020, such that

2) 80% of transportation energy using hydrogen fuel
is introduced by 2040, so

3) 20% of the carbon energy used for transportation
worldwide is displaced, and

4)  80% ol new electricity will be produced by either nucle-

ar or renewable energy sources by 2020 and beyond.

In contrast to the IPCC's original scenarios, the case
results shown indicate that Climate

Change is mitigated and even reversed by using today’s
technology in the 21 st century (see Figure 5).

We can show the detailed potential impact for Asia, by
taking the Regional estimates from the Marker Scenarios.
Example results for the final energy mixes for the IPCC
Marker Scenarios are shown in Figure 6. We can see that
electricity could become ~50% of the [inal energy use mix
in Asia, thus making the Region highly independentl in
energy supply by using and adopting new technology. This is
a radical and extremely different vision for the future energy
supply than exists today, and is consistent with moving
towards a suslainable energy and economic fulure.

9. The Estimated “Value” and Cost of
Avoided Emissions
To estimale the cost of CO2 reduction, we have used an
economic analysis to estimate the effective capital net pres-
ent cost of different options, and takes no credit for any
revenue generation or other benefits.
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On the basis of the analysis, the cost of deploying ACRs
to generate electricity needs no further justification from
the viewpoint of reduced emissions. CO2-reduction through
the nuclear option has negative costs (or a positive benefit)
against coal and against CCGT fuelled by natural gas (even
at the fairly moderate natural gas price of 2.7 $/GJ used for
this study). No “carbon” trading credits has been assumed.
but could be valuable in offsets from 2010.

10. Conclusions

In all four variations of the IPCC Marker Scenarios, the
introduction of nuclear energy and hydrogen fuel from non-
GHG emitting sources can have a profound effect on the
reduction of global and national GHG emissions, and, sub-
sequently, on GHG atmospheric concentrations and global
temperature rise. This is particularly important for Asia and
China in meeting future energy demand and sustainability
requirements. Also, the variations analysed confirm that the
world will need to make a significant shift away from GIG-
emitting fuels just to stabilize the impact of GHG emissions
within the next 100 years.

In all scenarios, the postulated increases in the role of
nuclear and other non-CO2 emitting energy sources pro-
duce reductions in the estimated temperature increases
that are at least as large as the observed temperature rise
in the 20 th century attributed to GHG emissions.

This analysis shows that:

1. Innovative CANDU nuclear power will have a large
impact on the reduction of GHGs and other airborne
pollutants, and this is a very advantageous position for
nuclear competing versus coal.

2. Kconomic benefits would be very high, including
reduced energy import requirements,and reduced emis-

sions for the power generation and transportation sec-
tors, also relieving dependence on imported oil.

3. Globally the use of hydrogen and nuclear can stabilize
and even reduce potential Climate Change for all the
reasonable growth scenarios studied.

4. Innovative nuclear (plus hydrogen technologies) should
be part of the global proposals for reducing GHG emis-
sions.

5. The innovative (ACR) nuclear route is actually cheaper
at a lifetime 10%/a NPV basis than coal- or natural gas-
fuelled alternatives.
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Thirty years of Reactor Physics at Pickering

by M.K. O'Neill!

Ed. Note: The following paper was presented in the
opening plenary session of the 221 d Nuclear Simulation
Svmposium held in Ottawa, November 2002.

| Introduction

The central problem in reactor physics is the
determination of the neutron flux. The purpose of
this paper is to summarize the experimental basis of
reactor physics at Pickering. We will review experi-
mental data obtained over 30 years of operation and
examine the extent to which such data and reactor
testing can be used to confirm the adequacy of our
theoretical understanding of Reactor Physics.

1.1 Importance and Limitations of
Experiments

Karl Popper (and others) have argued that scien-
tific theories are those which can be shown to be
incorrect by experiment or observation 1 . The cor-
ollary of this assertion is that accuracy of a theory
is directly tied to the accuracy of the measurements
and that the accuracy of a theory can never exceed
that of the experimental basis. A familiar example is
that of the electron neutrino:

The standard theory holds that the neutrino has a
rest mass of zero, whereas the experimental results
can only confirm that the rest mass is less than
3 eV 2. Similarly, experimental evidence can only state
that the photon rest mass is less than 2x10 -16 eV.

It should be noted that this view enhances (rather
than diminishes) the power of the scientific method,
in that it permits the development of theories which
predict new phenomena, while maintaining con-
sistency with both the existing experimental basis
and the theoretical underpinnings. In the examples
above, novel theories involving massive photons and
neutrinos already exist. Furthermore, when a theory
is shown to be at odds with experiment, we are
forced to develop a new theory (e.g. the discovery
of magnetic monopoles would certainly require a
modification to electromagnetic theory).

2 Background

2.1 Station Description

Pickering Nuclear is an 8 unit station located east
of Toronto on Lake Ontario.

The first four units (Pickering NGS A) were placed
in service over the period of 1971-1973, and were
retubed over the period of 1985-1990. These units
were shutdown and placed in a “laid-up” condition in
1996. They are currently being returned to service.
The second four units (Pickering B) were commis-
sioned and placed in service over 1983-85 and have
been in-service since that time.

Table 1 lists the In-service dates for each unit.
Table 2 lists key reactor unit information. For com-
parison purposes data pertaining to Darlington are
included..

3 Methodology and Technical Issues

3.1 Reactor Physics and Measurements

In general, Reactor Physics measurements have
been conducted to confirm design functionality or
operational capability during commissioning and
related testing. The types of Reactor Physics mea-
surements fall into the following categories:

e (riticality measurements

e Reactivity device worth measurements

e Reaclivity coelficienl measurements

e SDS Rundown tests

e Flux mapping measurements

e Neutron flux detector response measurements
e (Channel power measurements

3.2 Simulation and Theoretical Tools

With the exception of the initial commissioning
for Pickering A units (1972-73), the reactor physics
measurements at Pickering have been verified and/or

| Manager, Reactor Safety Engineering Department, Pickering
Nuclear, Ontario Power Generation
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compared against predictions from the historical toolset (PPV/
MULTICELL/OHRFSP/SMOKIN). These predictions and simula-
tions form the design basis for the Pickering reactors.

For the most part, comparisons of the Pickering B experi-
mental data against predications by the Industry Standard
Toolset (IST) have not been conducted. These will be per-
formed as part of the IST program in the coming years.

3.3 Measurement Techniques and Limitations

Measurements of reactivity involve either laboratory
analysis of moderator poison samples, or changes in LZCS,
both with inherent uncertainties and limitations. In the
case of the former, lab analysis uncertainty is at least
5%. Furthermore, “burnout” (isotopic depletion) will sys-
tematically affect the resulls of chemical analysis, making
this technique of limited use under high power conditions.
In the case of the latler, indicated zone level is strongly
influenced by the LZCS compressor cycle and can vary by
as much as 5%. While various techniques can be used to
minimize the impact of process uncertainties, the level of
“irresolvable measurement error” is in the order of 5% for
a given measurement.

34 Acceptance criteria

The acceptance criteria in place at Pickering for reactor
physics Testing and Commissioning 3 has been developed
based on practical experience which reflects instrumenta-
tion capability and other operational uncertainty. Table 3
summarizes the criteria.

4 Overview of Reactor Physics
Measurement and Testing

Tables 4a and 4b present the major testing programs which
have been conducted at Pickering over the past thirty vears
and the results are presented in the sections which follow.

4.1 Pickering A

Table 5 presents sclected commissioning results follow-
ing Retube/Rehab. The data presented is typical and it can
be seen that there is good agreement between the predicted
results and the measurements.

4.2 Pickering B

Table 6(a) presents the summary of results from the
commissioning tests for Units 5,6,7.8. The data presented
is typical and it can be seen that there is good agreement
between the predicted results and the measurements.

Table 6(b) presents FDRP results. As can be seen, the mea-
surements of detector response Lo various reactivity device

movements is in excellent agreement with predictions.

Table G(c) presents the summary of resulls from adjuster
rod changes that have been performed in support of the
cobalt program over the years. The data presented is typical
and it can be seen that there is good agreement between
the predicted results and the measurements.

4.3 Other Reactor Physics Measurements

Accurate estimates of neutron source strength are
essential to safe and efficient unit start-ups after outages.
Figures 1(a) and 1(b) present ATC results over the past 6
years. The trends lines shown, which were derived from the
historical data, are now used to predict unit condition at
criticality. Excellent agreement exisls, as is demonstrated
by recent ATC events.

Rundown tests are performed per the commissioning
specifications. Typical results are shown in Figures 2(a)
and 2(b) from the Unit 8 commissioning reports.

Flux scans using both activation and fission chamber
techniques have been employed at Pickering over the years.
Figure 3 presents typical results from Unit 8 using a manu-
ally operated fission chamber system.

5 Discussion and Conclusions

As noted in the introduction, experimental results are the
only means by which the accuracy of theoretical models can
be calculated. This paper has reviewed the measurement
and test data related to reactor physics accumulated over
30 years of operation at Pickering. We can draw the follow-
ing conclusions:

e In general, the measurements are in good agreement
with prediction, and accuracies of ~10% can be sup-
ported.

e Syslematic errors in adjuster rod worths have been
observed in a variety of AA rod designs (both cobalt and
slainless steel). These errors have been attributed Lo (in
part) inherent weaknesses in the use of MULTICELL to
generate incremental cross-sections.

® The verification of small reactivity changes (such as
those associated with reactivity coefficients) is difficult
given the uncertainties associated with LZCS measure-
ments.

* Rundown tests have demonstrated that the Shutdown
Systems meet the Safety Report assumptions regarding
reactlivity insertion rate and effectiveness.

e Flux detector response tests demonstrate excellent
agreement with prediction. This is an interesting result,
in view of the aforementioned issues with moveable
devices.

¢ [lux mapping measurements are consistent with general

predictions regarding flux profiles in the reactor core.

A reliable model of shutdown source term has been
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developed which facilitates accurate predictions for ATC hoped that the IST will address some known deficiencies,
evaluation. particularly those around the calculation of incremental
cross-sections for moveable devices.

The results also establish that the historical toolset
(OHRFSP/PPV/MULTICELL/SMOKIN) is capable of model- The author gratefully acknowledges the contributions of
ing reactor physics with accuracies approaching the limits M. Dobrean, R. Hilliard, and E. Sorin to this report..
of normal reactor instrumentation. Having said that, it is

Tabie 6(a) Selected Pickering “B” T&C Results

Initial Commissioning (Unit 8)

Table 1_Unit In-Service Dates

=y Measurement 3 Predicted Measured
UNIT MCR MCR First FIRST IN-SERVICE Critical Poison Concentration (ppm Gd) 26 2,62
Gross Net Critical ELECTRIC DATE LZCS Worth (mk/%) 0.079 0.069
Adjuster Rod Worth - Total (mk) 17.5 17.6
P1 542 515|Feb 25/71 Apr 4/71 Jul 29/71 Control Absorber — average (mk) 178 19
P2 542 515)Sep 15/71 Oct 6/71 Dec 30/71 individual SOR worth (%) - Predicted value
F3 542 515|Apr 24/72 May 3/72 Jun 1772 H 3k
P4 542 515{May 16/73 May 21/73 Jun 17/73
|
P5 540 516{Oct 23/82 Dec 19/82 May 10/83
P6 540 516]|0ct 15/83 Nov 8/83 Feb 1/84
P7 540 516)Oct 22/84 Nov 17/84 Jan 1/85 Table 6(b) Selected FDRP T&C Results
P8 540 516|Dec 17/85 Jan 21/86 Feb 28/86
Predicted vs. Measured Detector Response to Device Movement (Unit 7)
‘Measurement Mean Std. Dev.
Adjuster Rod AAS 0.96 1.856
Table 3 Acceptance Criteria LZCS 0.61 0.71
Control Absorber CA1 -0.91 1.61
Measurement Category : ; e | Criteria 5 } ARATRY Shutoff Rod SA8 -0.80 1.24
Liquid Zone Control System Reactivity Worth (mk) +- 15%
Adjuster Rod Reactivity Worth (mk) +- 15% Safety Report (NOP) assumptions 0.0 3.5
Control Absorber Reactivity Worth (mk) +-15%
SOR Reactivity Worth (mk) +-10%
SDS Rundown Meet Safety Report assumptions
Table 6(c) Cobalt AA Rod Commissioning Results
Measurement Predicted Measured
Table 4(a) Summary of Major Reactor Physics M&T Programs: Pickering A | Adjuster Rod Worth U6- Total (mk) 19.5 16.3
| Adjuster Rod Worth UB- Total (mk) 19.5 16.6
Program Description ___| Time Period Summary of Testing ]
RP testing per original Sept 1971 to Criticality measurements
commissioning specifications | Sept 1873 Reactivity device worths
Reactivity coefficients
SDS Rundown tests
Flux mappi
RP testing per post retube Sept 1987 to Criticality measurements
commissioning specifications | Sept 1990 Reactivity device warths
Reactivity coefficients
SDS Rundown tests
Flux mapping
Cobalt Adjuster Rod changes | 1987 to present Adjuster rod worths
SDSE commissioning Sept 1993 to Fission chamber tests
Sept 19956 ICFD response testing
PARTS Jan 2003 to Criticality measurements
Dec 2004 SDS Rundown tests
SDSE commissioning

Table 4(b) Summary of Major Reactor Physics M&T Programs: Pickering B

Program Description Time Period Summary of Testing
RP testing per original Sept 1971 to Criticality measurements
commissioning specifications | Sept 1973 Reactivity device worths
Reactivity coefficients
SDS Rundown tests
Flux mapping
RP testing for FDRP program | Sept 1987 to Neutron flux detector response
retube commissioning Sept 1990 Channel power measurements
specifications
Cobalt Adjuster Rod changes | 1987 to present Adjuster rod worths

Table 5 Selected Pickering “A” T&C Results
_Post Retube/Rehab Commissioning (Unit 4)

Measurement Predicted Measured

Critical Poison Concentration (ppm B) 10.4 10.9

LZCS Worth (mk) 4.92 4.45

Adjuster Rod Worth - Total (mk) 9.5 9.9

Individual SOR worth (%) - Predicted value
+15%
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Table 2: Comparison of Nuclear Generating Stations (from Pickering B Safety Report)

ITEM PICKERING A | PICKERING B | DARLINGTON
Unit electrical output MV(e) (net) 515 516 881
Number of Units 4 4 4
Core and fuel data
Maximum licence 100% reactor power MW(th) 1744 1744 2776
No. of channels 390 380 480
Maximum licenced 100% channel power MW(th) 6.1 6.1 7.2
No. of bundles/channels 12 12 13 (12in core)
Maximum licenced bundle power kW(th) 750 750 1035
No. of elements/bundle 28 28 37
Average fuel element power kW(th) (based on 26.8 26.8 28.0
licenced bundle power)
Direction of refuelling With flow With flow Against flow
Minimum pressure tube wall thickness, mm 4.06 4.06 4.2
Reactivity Mechanisms in Service
Adjuster rods (absorbers) 6 (SS) 21 (SS/Co) @ 18 (SS)
Reactivity Control LZCS, plus LZCS, plus 4 LZCS, plus 4
Moderator Control Control
Level Control Absorbers Absorbers
Vertical flux detector assemblies 6 14 (Units 5,6,7) 23
20 (Unit 8)
Horizontal flux detector assemblies - 7 14
Primary shutdown mechanism 23 shutoff rods | 28 shutoff rods | 32 shutoff rods
augmented by
moderator
dump ®
Secondary shutdown mechanism 6 Poison 8 Poison
injection injection
nozzles nozzles
Heat Transport System
Reactor inlet header temperature °C 249 249 267
Reactor outlet header temperature °C 293 293 310
Quality in reactor outlet header at 100% FP 5°C subcooled | 7°C subcooled 2.0 wt%
Reactor outlet header pressure MPa(a) 8.83 8.83 10.0
Main system volume, m® 139 139 217
Heavy Water inventory at 38°C m*/MW(e) © 0.317 0.317 0.25
No. of steam generators 12 12 4
No. of pumps 12 + 4 spare 12 + 4 spare 4
Pressure control Feed and bleed | Feed and bleed Pressurizer
NOTES
(a) Provision has been made to use Cobalt in Units 6, 7 and 8, Unit 5 retains SS AA rods.
(b) Since Pickering A has a moderator dump system, a spray cooling system is provided to

cool the calandria tubes.

(c) Excluding requirements for pressurizer and auxiliary systems.
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Figure 1(a): PB ATC Experience
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Figure 2(a): Typical SDS1 Rundown Data from Unit 8 Commissioning Report
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Figure 2(b): Typical $DS2 Rundown Data from Unit 8 Commissioning Report
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Figure 3: Typical Flux Scan Data from Unit 8 Commissioning Report
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Learning the hard way

- An early accident at the NRX reactor led to improved design of subsequent
reactors and the development of a distinct Canadian approach to reactor safety

by Fred Boyd

Accidents are never welcomed. Certainly the accident to the
NRX reactor at the Chalk River Laboratories just over 50 years
ago, in December 1952, was a shock to those involved and could
have led to the demise of the fledgling Canadian nuclear program
that had begun less than a decade earlier or of the company that
had just been created to carry forth that program, Atomic Energy
of Canada Limited.

However, everyone responded positively, from workers on the
scene to management to the responsible minister, C. D. Howe. As
soon as the reactor was restored to a safe condition plans were
begun for its dismantling and reconstruction. Part of that story is
in the companion article on the NRX accident.

Perhaps most significant in the long term, the accident prompted
several people to study the whole question of reactor safety, from
the objectives to their achievement. Some of the early thoughts
were focussed on the control system, understandably since the
accident resulted from a control failure. These bore fruit quickly in
the design of the control system for the NRU reactor, then begin-
ning construction, and the introduction of parallel channels which
could be tested while the reactor was running.

Since power reactors were already being considered there were
several suggestions about the objective. Some of these, notably by
Ernie Siddall and George Laurence, looked at the general standard
of safety of industry, especially of those activilies thal might be
comparable to electrical generating plants. From observation of
what was then accepted practice both Siddall and Laurence came
up with a target of 10-2 deaths per year.

Then came the challenge of how to achieve this and, per-
haps more importantly, how to demonstrate its achievement.
Probabilistic analysis had not yet been developed and, in any evenl,
as Laurence noled, good data on failure rates was inadequate or,
for new designs, non-existent. The risk was [rom a “disastrous”
release of fission products. Taking the pessimistic assumption that
a “disastrous” release could lead to a 1.000 deaths Laurence sug-
gested a target for such a release of less than 107 per year

Laurence then began proposing thal a power reactor design
could be considered in three parts - the normal operating or “pro-
cess” systems; the protective devices; and a containment system.
He initially proposed that significant failures in the process system
could be as high as 1/10 per year. For the (standby) proteclive
and containment functions he looked at their availability, i.e.,
their ability to respond as needed. With practical monitoring he
proposed that these systems might be “unavailable” one day per
year, giving a probability of them not functioning of aboul 1072,
Provided the process, prolective and containment were sufficiently
independent the likelihood of a failure that would lead to a si%nifi-
cant release of fission products would be 1 0-lx 102 x 1072 =,
107 per year. (1)

Laurence had been appointed chairman of the Reactor Safely
Advisory Committee (RSAC) by the Atomic Energy Control Board
in 1956 and much of his thinking was done in the context of that
committee. In 1964 the RSAC produced a “Reactor Siting and

Design Guide™ and sent it (o the designers of the Pickering (A)
generating station. That document continued the concept of the
three divisions of the plant and set “reference dose limits” for a
“single failure” of the process equipment and for a “dual failure”
of a process failure combined with unavailability of the protective
or containment systems. The assumed process failure rate was
1/3 per year and the required unavailabili