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CONCEPT D'EACL POUR LE STOCKAGE PERMANENT DES DÉCHETS

DE COMBUSTIBLE NUCLÉAIRE ET IMPORTANCE DE SA MISE EN OEUVRE

par

Colin J. Allan

RÉSUMÉ

Depuis 1978, le Canada étudie un concept visant à stocker de façon
permanent les déchets de combustible nucléaire des centrales nucléaires
canadiennes CANDU (ÇANada Deuterium Uranium). Le concept est fondé sur le
stockage des déchets dans une enceinte creusée à une profondeur de 500 à
1000 • dans la formation de roche ignée intrusive du Bouclier canadien.

EACL Recherche présentera bientôt une étude d'impact sur l'environnement
(EIE) de ce concept en vue d'un examen par un comité dans le cadre du
processus d'examen et d'évaluation en matière d'environnement (PEEE) du
gouvernement fédéral. Aux termes du mandat d'EACL Recherche et dans le
respect des exigences précises du comité d'examen, EACL Recherche a
effectué des études approfondies sur un très grand nombre de questions
techniques et socio-économiques liées au concept.

Si ce concept est accepté, nous pouvons et nous devrions suivre la même
marche et entreprendre les prochaines étapes en vue de la construction
d'une installation de stockage permanent destinée aux déchets de
combustible nucléaire du Canada.
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AECL'S CONCEPT FOR THE DISPOSAL OF NUCLEAR FUEL WASTE

AND THE IMPORTANCE OF ITS IMPLEMENTATION

by

Colin J. Allan

ABSTRACT

Since 1978, Canada has been investigating a concept for permanently dealing
with the nuclear fuel waste from Canadian CANDU (CANada Deuterium Uranium)
nuclear generating stations. The concept is based on disposing of the
waste in a vault excavated 500 to 1000 m deep In intrusive igneous rock of
the Canadian Shield.

AECL Research will soon be submitting an environmental Impact statement
(EIS) on the concept for review by a Panel through the federal environ-
mental assessment and review process (EARP). In accordance with AECL
Research's mandate and in keeping with the detailed requirements of the
review Panel, AECL Research has conducted extensive studies on a wide
variety of technical and socio-economic issues associated with the concept.

If the concept is accepted, we can and should continue our responsible
approach and take the next steps towards constructing a disposal facility
for Canada's used nuclear fuel waste.
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1. INTRODUCTION

Driven largely by population growth, the world's demand for energy
continues to grow, and the World Energy Council projects that by 2020 the
world's demand for energy will increase by about 50Z relative to the
demand in 1990 (VEC Central Scenario, Reference 1). Increasingly, this
energy is being consumed in the fora of electricity. Electricity is
c}jan, versatile, easily accessible and simple to distribute. It is
essential to maintaining our quality of life.

Since the invention of electricity, growth in its use has been high.
Electricity use is currently increasing at a rate of over 3.6Z annually,
which is slightly higher than the world's economic growth rate, twice the
population growth rate, and more than 1.5 times that of total global
energy growth. In 1990 electricity production claimed around 36X of the
world's primary energy demand, and beyond 2020 or so more than half of the
world's energy will be feedstock for electricity production. Although
electricity is benign in use, its generation nay present environmental
challenges such as disposal of the associated waste.

Nuclear power now accounts for 17t of the world's electricity supply. As
with other methods of generating electricity, environmental concerns are
an important issue that must be addressed by the nuclear industry, and one
of the principal environmental issues is that of nuclear fuel waste
management, the subject of my address tonight. My talk focuses on Canada,
but I believe my thesis is more widely applicable.

Since 1978, Canada has been investigating a concept for permanently deal-
ing with our nuclear fuel waste. The concept is based on disposing of the
waste in a vault excavated 500 to 1000 n deep in intrusive igneous rock of
the Canadian Shield.

AECL Research will soon be submitting an environmental impact statement
(EIS) on the concept for review by a Panel through the federal environ-
mental assessment and review process (EARP). In accordance with AECL
Research's mandate and in keeping with the detailed requirements of the
review Panel, AECL Research has conducted extensive studies on a wide
variety of technical and socio-economic issues associated with the
concept. If the Panel recommends acceptance of the concept, the question
will then arise, "When is the appropriate time to proceed with
implementation?"

I believe that if the concept is accepted following the Panel's review, it
is important to initiate the process of implementation without delay. In
my remarks this evening, I will outline for you the reasons underlying
this belief. I would like to start by briefly outlining the history of
the program and the environmental review that is now under way.
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2. THE CANADIAN NUCLEAR FUEL WASTE MANAGEMENT PROGRAM

Used fuel from Canadian nuclear generating stations is currently safely
stored at the sites. Many years of experience have been accumulated with
both pool storage and dry storage systems, and this experience is being
discussed in the papers presented at this conference. Supporting R&D
indicates that these practices can be continued safely for many decades to
come [2;3], but because the used fuel remains hazardous for thousands of
years, it is recognized that such storage systems are not a permanent
solution.

Accordingly, in 1977 the federal Department of Energy, Mines and Resources
commissioned a study led by Professor Kenneth Hare of the University of
Toronto to contribute to the formation of a policy for the long-term
management of nuclear fuel waste [4]. After considering a vide range of
alternatives, the study concluded:

Of the various options for disposal of reactor wastes and irradi-
ated fuel, we consider underground disposal in geological forma-
tions to be the most promising in Canada. Igneous rocks are
preferred....

As a step toward a national plan to deal with nuclear waste, the govern-
ments of Canada and Ontario established the Canadian Nuclear Fuel Waste
Management Program (CNFWMP) in 1978 to investigate the safety, security,
and desirability of a concept for permanent disposal of the fuel waste in a
deep underground vault constructed in intrusive, igneous (i.e., plutonlc)
rock [5].

In 1981, the two governments re-affirmed their commitment to the program
but announced that the process for selecting a disposal site would not be
undertaken until the concept had been reviewed and accepted [6]. Thus, to
date, the R&D program and concept development have been carried out on a
generic rather than a specific project basis.

Participants in the R&D program have included AECL Research, the lead
agency for research on disposal; Ontario Hydro, which has advanced the
technologies for storage and transportation; Energy, Mines and Resources
(EMR) Canada; Environment Canada; scientists at Canadian universities;
consultants in the private sector; and the general public and special
interest groups through public consultation and information programs. AECL
has a continuing program to brief the public on the work, to identify
public concerns, and to adjust the program to respond to them. AECL's
activities are cofunded by the federal government and Ontario Hydro through
the CANDU Owners Group (COG).

In common with the approach adopted in other countries, the concept
involves isolating the waste from the biosphere by a series of engineered
and natural barriers [7]. These barriers include the form of the waste
itself, the container in which it is sealed, the surrounding buffer and
backfill material, and the overlying mass of host rock, the geosphere.
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There is international consensus that this approach can best achieve the
goal of safely managing nuclear fuel waste in the long term. The biosphere
is, of itself, not a barrier per se, but it is an important part of the
overall system with which ve are dealing and which we must understand, and
is therefore a part of the research program.

The fuel waste, in the form of either used-fuel bundles or vitrified high-
level waste from reprocessing, would be enclosed in corrosion-resistant
containers and emplaced in a vault excavated 500 to 1000 m deep in plutonic
rock of the Canadian Shield. Buffer materials would be packed around the
containers to impede groundwater flow and retard movement of materials
eventually leached from the containers and the waste. The vault and access
shafts and tunnels would be backfilled and sealed. Such a system is
intended to be a permanent method of management. There would be no inten-
tion to retrieve the waste or handle it further in the future, although
retrieval would be possible.

The choice of methods, materials and designs for an actual disposal system
will ultimately be made on the basis of performance, taking into account
the characteristics of the site actually chosen, availability of materials,
cost, and practicality.

The choices include, for example:

the form of the waste: used fuel bundles or glass;
the disposal container material: titanium alloy, copper or other
durable material;
the container design;
the composition of materials used for the buffer, backfill, and
seals;
the depth and number of levels of the vault;
the geometry of the excavated openings;
the excavation method: blasting or boring; and
the location of the waste containers: within disposal rooms or in
boreholes in the floor of the rooms.

Our approach to concept development has been to emphasize the performance
of the system as a whole and to retain flexibility and robustness in imple-
mentation of the concept.

Starting in 1978, we have been studying the components of this disposal
concept in detail [8]. On the basis of this work

we have demonstrated our ability to determine the surface and
subsurface characteristics of potential host rock formations—
information that is of fundamental importance to the design of a
disposal facility and evaluation of its performance;
we have demonstrated important aspects of engineering a disposal
system and assessing its impact, and we have illustrated this by
developing a conceptual design for a used nuclear fuel disposal
centre; and we have
demonstrated our ability to assess the long-term performance of
such a disposal facility.



In other words, we have developed the tools necessary to design and assess
the performance of a disposal facility, tools that we are now ready to
apply on a site-specific basis.

While it is not possible to provide complete full-scale demonstrations of
all aspects of a disposal facility without actually building one, our case
studies of the used-fuel disposal facility and the performance assessments
of implementing such a facility are based on realistic, albeit hypotheti-
cal, facility and site characteristics, using information obtained from
extensive laboratory and field research. These studies provide us, and
hopefully will provide the review Panel, with confidence that the concept
can be implemented to meet the primary objectives of radioactive waste
management, namely, protecting human health, protecting the environment,
and minimizing the burden on future generations.

3. THE ENVIRONMENTAL REVIEW

To test this hypothesis, the Ministry of Energy, Hines and Resources in
1988 referred the concept for review under the Canadian Environmental
Assessment and Review Process (EARP) [9]. AECL Research, the proponent for
this review, will submit an EIS on the concept to a governmental assessment
panel.

The Panel will review AECL's concept and related nuclear fuel waste manage-
ment issues, including:

criteria for judging safety and acceptability;
potential social, economic and environmental effects of waste
disposal; and
the potential impact of recycling and other processes on waste
volume.

The Panel is also expected to make recommendations on the approach to be
taken to the process for siting such a facility.

A Scientific Review Group, appointed by the Panel, will conduct a full
technical review of the EIS to assist the Panel in judging the technical
validity and acceptability of the concept [10]. All federal departments
with a relevant interest are expected to participate in the review.
Environment Canada has assembled two teams of experts to review the concept
in detail and assess its ability to protect the environment. Other reviews
on specific aspects are expected from the Atomic Energy Control Board
(AECB); Energy, Mines and Resources Canada (a task force is being estab-
lished for this purpose); Transport Canada; Health and Welfare Canada;
Fisheries and Oceans Canada; and the Department of National Defence. Prom
my vantage point, it appears that the concept will undergo the most exten-
sive scientific review of any project ever undertaken in Canada. In addi-
tion, extensive public hearings will be held. The Panel will then make
recommendations on the acceptability of the concept and on future action.

After a four-year period during which the Panel familiarized themselves
with the issues and held hearings to obtain public input, guidelines for
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the EIS were Issued in March of 1992. AECL Research expects to submit its
EIS by 1994 March. Assuming that there are no najor deficiencies, we
expect that the public hearings could take place during 1994 and early
1995, and that the Panel could issue its recommendations towards the end of
1995.

If the Panel recommends acceptance, I believe that it is important that we
proceed immediately to the next step leading to implementation, vhich,
depending on the regulatory and reviev forum selected, would likely begin
with site screening and site characterization activities.

I believe that it is important to take the next steps towards implementa-
tion without delay, following acceptance, for several basic reasons out-
lined below.

3.1 ENVIRONMENTAL LEADERSHIP AND REDUCING THE BURDEN ON FUTURE
GENERATIONS

First, since the inception of the nuclear power industry, the industry has
shown environmental leadership in managing its radioactive waste, operating
on an essentially closed-fuel cycle. The incentive for selecting a perma-
nent disposal concept for managing long-lived fuel waste derives from two
fundamental ethical principles:

the waste must be managed in such a way that human health and the
environment are protected in the short and long term; and
as the principal beneficiaries of the energy that gives rise to
the waste, our generation should assume to the extent possible,
the burden of managing the waste.

These principles underly the objectives, criteria and guidelines that the
AECB has set for judging the safety and acceptability of radioactive waste
disposal [11].

From the outset, the CNFWMP was founded on the principle that we have an
obligation to protect and avoid burdening future generations. To examine
this belief and some of the other ethical issues affecting the program, an
ethics workshop was conducted in March of 1991 with eight ethicists, social
scientists and theologians, including an aboriginal leader.

The recommendations from the workshop, broadly stated, were that:

the generation that benefits from nuclear power must take
responsibility for disposing of the resulting waste;
no burden should be placed on future generations, but they should
have the options of retrieving the waste and of taking remedial
action if necessary; and
decisions ought to involve informed consent from the affected
public [12].

Each of these recommendations is reflected in AECL's concept in some fora.
Minimizing the burden on future generations means more than simply making
financial provisions. It means, to the extent possible, providing the
technology to Implement disposal and providing it in such a way that future
generations may retain flexibility in their decision making.



- 6 -

3.2 FOSTERING PUBLIC CONFIDENCE IN NUCLEAR ENERGY

My second reason for proceeding along the path toward immediate disposal
following concept acceptance is to respond to public concerns associated
with the use of nuclear energy. Public confidence in the capability to
dispose of nuclear fuel waste safely is important in order to maintain
public confidence in nuclear power as an energy source. AECL public
opinion research shows that two thirds of the Canadian public say that
nuclear power would be more acceptable if a permanent solution could be
found for the disposal of nuclear fuel waste. Therefore, progress must
continue to be made towards addressing the long-standing public concern
about the final disposition of nuclear fuel waste.

The need to respond to public concerns has been repeatedly cited in reviews
of energy supply and the nuclear industry. In 1980, the Porter Commission,
established by the government of Ontario to examine electric power plan-
ning, concluded that:

If progress in high-level nuclear waste disposal R&D, in both the
technical sense and the social sense, is not satisfactory by at
least 1990 . . . a moratorium should be declared on additional
nuclear power stations. [13]

(Professor Porter has since said that he believes this condition has been
met.)

In 1988, the parliamentary Standing Committee on Environment and Forestry
published a report calling for a moratorium on further construction of
nuclear power plants in Canada until a permanent disposal method for used
fuel was demonstrated [14]. Whilst this recommendation was rejected by the
government, it reflected public concern consistent with the results of
public opinion polio.

Later in 1988, the Standing Committee on Energy, Mines and Resources issued
their tenth report [15]. The report was favourable towards the nuclear
option, but recommended acceleration of the concept assessment process,
specifically "to strengthen public confidence that the longer term issue of
disposal is being satisfactorily resolved."

At the World Energy Conference in Madrid in 1992 September, it was evident
that while nuclear energy is well positioned to play an important role in
meeting the world's growing demand for energy in an environmentally
sustainable manner, public confidence is a key issue. Waste management: is
an important part of this issue.

To quote from one paper, "Electricity, the Environment, and Sustainable
World Development," submitted at one of the plenary sessions:

Though nuclear energy has the advantage that it emits none of the
atmospheric pollutants of concern with fossil fuel technologies,
the fission reaction does generate long-lived radioactive wastes,
ultimate disposal of which is extremely controversial. [1]
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I believe that the extensive public process that has been followed in
developing the concept, the vigorous scientific scrutiny to which the
concept will have been subjected, governmental acceptance based on the
recommendation of the review Panel, followed by immediate steps towards
implementation, should increase public confidence in the nuclear industry
and assist in resolving concerns and controversy regarding nuclear energy.

3.3 FORESTALLING INACTVON BY DEFAULT

My third reason is that, unless there is a clear intention to implement the
concept if it is accepted, as a result of the Panel's review, there is a
great potential for the review process to fail to lead to a clear commit-
ment to action. Throughout the Panel's review, AECL, as the proponent,
needs to continue work to address outstanding issues and continue long-term
experiments to demonstrate the technology, and the Industry needs to demon-
strate a firm intention to proceed with disposing of its waste in an
environmentally sound manner if the concept is accepted, as a result of the
Panel's review. The review process, as is evident from the reviews of
other projects—the Pearson airport and uranium mining projects, for
instance—may be long and drawn out. We need to provide the background for
the Panel and the government to have confidence in a feasible and logical
next step. Vithout such an impetus towards implementing the disposal
concepc, Canada could fail to take any action by default.

3.4 PRESERVING THE KNOWLEDGE BASE

This risk of inaction by default leads me to my last reason for proceeding:
to meet our ethical responsibilities to future generations, it is important
that we preserve the knowledge base that has been generated from the
investment that has been made to date. A great deal of technical knowledge
has been developed in the course of this program. Tapping this expertise
will be essential to successful implementation. While much of the informa-
tion has been documented, of even greater importance is the ability to
interpret the results of tests, measurements and other observations. To
give you Just one example, Canada now has a unique capability to develop a
conceptual model of groundwater movement deep in plutonic rock that stands
up to comparison with field observations. This capability must be used if
it is to continue to be available.

Thus for these reasons—our ethical responsibility to future generations,
the need to secure public acceptance, the r;?ed to forestall inaction by
default, and the need to maintain a capability to implement the concept—I
am convinced that given a positive outcome to the Panel's review, it is
important that we take the first steps towards implementing Canada's
disposal concept without delay.

4. FUTURE OPTIONS

There are a number of options for the future in managing Canada's nuclear
fuel waste. I believe that they will all include a requirement for geo-
logical disposal. The waste substances in used fuel can be disposed either
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by directly disposing of the used fuel bundles themselves, or by reproces-
sing then to extract the wastes, incorporating then in a stable matrix, and
disposing of this stabilized material.

While used nuclear fuel contains significant concentrations of fissile
plutonium that can be recovered, mixed vith fresh uranium, and then
recycled as fuel, such reprocessing is not currently practised in Canada,
and there Is currently no economic justification for doing so. Further,
fuel reprocessing cannot be justified purely from a waste management
perspective. Vhile either used fuel or waste from reprocessing can be
safely disposed of, reprocessing does not reduce the volume of waste that
must ultimately be disposed of. Radioactive fission products constitute
only a small fraction of the used fuel, but if separated from the fuel
matrix, they must be incorporated in a stable glass or glass-ceramic matrix
that has a volume nearly as great as the original used fuel. Also, rela-
tively large volumes of low- and intermediate-level radioactive waste are
produced during reprocessing, and these must be disposed of along with the
associated chemical waste.

Therefore, even though the Canadian concept is consistent with disposal of
either used fuel or waste from fuel reprocessing, proceeding immediately to
implement the concept after it is accepted requires that Canada's current
planning proceed on the basis of the direct disposal of used nuclear fuel
rather than disposal of reprocessing waste.

Nonetheless, the question remains as to how we can leave open to future
generations the options of fuel reprocessing and recycling, while meeting
our ethical responsibility that we not impose an unacceptable burden upon
them. In Canada's case, I believe the answer is to be found in the nature
of implementation. The process leading to disposal involves many phases.
We are now approaching the end of the first phase: concept development and
assessment. If it is judged appropriate to proceed vith implementation of
the concept, and depending on the forum that might be chosen for assessing
implementation, the next step would likely be to begin site-specific acti-
vities, possibly starting with the development of a publicly acceptable
site screening process. I would envisage that:

site screening would lead to the selection of one or more areas
for detailed characterization based on surface techniques;

such site characterization studies could lead to a selection of
one or more sites for exploratory excavation and more extensive
in-ground characterization;

in-ground characterization could then lead to a decision to
initiate design, construction and operation of a repository;

design, construction and operation of a facility would likely
involve ongoing review, reassessment and re-commitment, leading
to continued operation, and then eventually to a decision to
cease operations and to decommission;

decommissioning and post-operational monitoring would ultimately
lead to a decision on whether to close and seal the repository.
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The process of evaluating specific sites will likely involve 10 to 15 years
of work before a commitment would be made to initiate an underground exca-
vation; a further 10 to 15 years of site exploration and characterization
would be required before construction could begin. Thus waste could not
begin to be placed in a repository before about 2025. By then one would
have accumulated many years of site-specific data, and a series of increas-
ingly refined evaluations on which to base a decision to begin to emplace
waste.

The decision to close and seal the repository would be made on the basis of
all £he accumulated evidence and experience gained throughout the siting,
characterization and operational phases, a process extending over close to
a century.

This process must retain flexibility in implementation and provide opportu-
nities for new technologies and processes to be adopted as they are devel-
oped. Throughout the process the option must be retained of stopping the
direct disposal of used nuclear fuel and substituting, following the appro-
priate assessments, the disposal of vitrified waste if and when Canada
moves to advanced fuel cycles. But our current planning should be predi-
cated on disposal of at least a limited quantity of used nuclear fuel if
the concept is approved.

To those of you in the audience who believe that widespread deployment of
advanced fuel cycles will likely be required to meet the world's demand for
energy in a manner that is environmentally and economically sustainable, I
would say that the potential energy resource given up by disposing of used
CANDU* fuel produced in currently operating reactors is small. One of the
strengths of the CANDU reactor, because of its efficient use of neutrons,
is its ability to utilize a wide range of fuels. Hence, recovery and
recycling of plutonium from used CANDU fuel must be assessed in the light
of other sources of fissile material, particularly fissile material
recovered by reprocessing used Light Water Reactor (LWR) fuel. Used LWR
fuel has a plutonium content about 2.5 times that of used CANDU fuel, and
therefore its reprocessing will produce the cheapest plutonium. As well,
the uranium-235 content of used LWR fuel is still slightly enriched,
containing about 0.9Z uranium-235.

Thus before using plutonium recovered from used CANDU fuel, a more logical
approach for using reprocessed fuels in CANDU reactors would include:

slightly enriched uranium recovered by reprocessing LWR fuel;
direct recycle of LWR fuel, without chemical reprocessing; and
plutonium recovered from used LWR fuel.

Hence, my conclusion that the potential energy resource given up by dispos-
ing of used CANDU fuel produced in currently operating reactors is small.

Thus, I believe that if the concept is accepted, the industry should start
disposal to provide a physical demonstration, rather than rely only on

* CANDU (CANada Deuterium Uranium) is a registered trademark of AECL.
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arguments that "we could do it if ve wanted to." Whether the use of
nuclear energy expands, or fission power is supplanted by other energy
sources, the investment in demonstrating disposal will have preserved the
knowledge base needed to enable future generations to dispose of the waste
that ve have generated.

Questions are sometimes raised whether we should delay disposal in case
better technology will be developed to deal with the nuclear fuel waste. I
believe that such a course of Inaction is siaply procrastination. While
there will always be some uncertainty about undertakings with such long
tine frames, the ethical course of action for the present generation, once
the concept is accepted as safe and appropriate, is to proceed to implement
it. The concept proposed by AECL can be implemented with present tech-
nology, but it is flexible and can respond to changes in technology and
incorporate improvements that arise.

For instance, transmutation of the long-lived radionuclides in used nuclear
fuel has been suggested as an alternative or adjunct to disposal, and as
such has been reviewed by many agencies, including the IAEA [16]. The
conclusion has consistently been that transmutation would not obviate the
need for geological disposal, and transmutation is clearly uneconomic if
fuel reprocessing is not part of the nuclear program. However, some
countries with existing processing plans have elected to study the option
in detail.

5. CONCLUSION

To sura up: the CNFWMP was established to develop a sound technical solution
for nuclear fuel waste disposal to protect the public and the environment
froia the harmful effects of waste associated with nuclear power generation
and to relieve future generations of the burden of caring for the waste.
Nuclear fuel waste exists now, and we have a responsibility in this genera-
tion to dispose of it. On the basis of our extensive R&D program, we
believe that we have developed a sufficient level of technical understand-
ing and capability to continue through towards disposal following the
environmental review. If the concept is accepted, we can and should
continue our responsible approach and take the next steps towards con-
structing a disposal facility for Canada's used nuclear fuel waste.
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