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MISE À JOUR DES RENSEIGNEMENTS SUR LE PROGRAMME CANADIEN

DE GESTION DES DÉCHETS DE COMBUSTIBLE NUCLÉAIRE:

PRÉPARATION DE L'EXAMEN DU CONCEPT EN MATIÈRE D'ENVIRONNEMENT

par

Colin J. Allan

RESUME

Le Programme canadien de gestion des déchets de combustible nucléaire
(CNFWMP) a été lancé en 1978 de l'initiative en commun des gouvernements du
Canada et de l'Ontario. En vertu de ce programme, EACL développe et évalue
un concept de stockage permanent des déchets de combustible nucléaire dans
la roche plutonique du bouclier canadien. Ontario Hydro a amélioré les
techniques de stockage et transport provisoires du combustible usé.
En 1981, les gouvernements canadien et ontarien ont déclaré que l'on
n'entreprendrait pas la sélection d'un site de stockage permanent des
déchets de combustible nucléaire avant d'avoir examiné et évalué le con-
cept. Par conséquent, on a développé un concept générique plutôt qu'un
concept de site particulier.

Le concept est d'isoler les déchets de combustible de la biosphère par une
série de barrières ouvragées (artificielles) et naturelles, dont la forme
de déchet, le conteneur, les matériaux barrières, le remblai et la roche
réceptrice. Depuis 14 ans, EACL effectue des études approfondies de chaque
élément de ce système de barrières. On a développé un concept robuste, le
choix des matériaux et des conceptions pour les divers éléments étant
facultatif.

On a soumis le concept de stockage permanent à un examen dans le cadre du
Processus d'évaluation et d'examen en matière d'environnement (PEEE).
EACL, en tant que "promoteur" ds l'examen, soumettra une Étude d'impact sur
l'environnement (EIE) décrivant le concept. L'EIE sera rédigée en confor-
mité avec les lignes directrices données par la Commission d'évaluation
environnementale chargée d'effectuer l'examen. Des audiences (débats)
auront lieu dans les provinces qui s'intéressent particulièrement au con-
cept et à son application, à savoir: l'Ontario, le Québec, le Nouveau-
Brunswick, le Manitoba et la Saskatchewan. Ces audiences donneront la
possibilité au public de présenter des communications à la Commission et de
poser des questions à EACL. À la fin de l'examen, la Commission fera des
recommandations quant à la future ligne de conduite à adopter pour le
stockage permanent des déchets de combustible nucléaire. Le gouvernement
prendra une décision quant aux prochaines mesures à prendre.



On a nommé les membres de la Commission chargée de l'examen à la fin de
l'année 1989. On a organisé des journées portes ouvertes au printemps 1990
pour mettre les participants éventuels au courant de la façon de s'engager
dans le processus. Les séances de balayage (cernement) conçues pour aider
la Commission à établir l'importance de l'EIE, ont eu lieu en automne 1990.
Parmi les questions majeures soulevées, il y a eu les arguments contre le
stockage temporaire par rapport au stockage permanent, la suffisance des
critères réglementaires et la surveillance du comportement de l'enceinte de
stockage permanent. En réponse aux inquiétudes des autochtones, on a nommé
un représentant des autochtones au sein de la Commission.

En 1991 juin, la Commission a donné, à des fins de commentaires, une série
de lignes directrices provisoires se rapportant à l'EIE. On a reçu des
commentaires de plus de trente groupes et personnes divers. Elle a donné
des lignes directrices définitives en mars 1992 et EACL prévoit lui sou-
mettre son EIE en 1993.

Les questions morales associées à la gestion des déchets de combustible
nucléaire ont présenté un intérêt considérable aux participants au cours
des séances de balayage. Un atelier d'EACL sur les questions morales asso-
ciées au concept a permis d'avoir des points de vue utiles sur les ques-
tions fondamentales, dont des recommandations sur la façon de résoudre ces
questions.

La direction future du PCGDCN (CNFWMP) dépendra des recommandations de la
Commission et des décisions gouvernementales consécutives quant aux mesures
appropriées à prendre ensuite. EACL et Ontario Hydro ont amorcé la plani-
fication nécessaire pour être à même d'entreprendre la mise en oeuvre de
ces mesures si le concept du stockage permanent reçoit l'approbation. Si
l'examen du concept s'achevait d'ici 1995, comme on s'y attend actuelle-
ment, et si on approuvait le concept, le stockage permanent ne pourrait pas
commencer avant l'an 2025 environ.
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UPDATE ON CANADA'S NUCLEAR FUEL WASTE MANAGEMENT PROGRAM:

PREPARING FOR THE ENVIRONMENTAL REVIEW OF THE CONCEPT

by

Colin J. Allan

ABSTRACT

The Canadian Nuclear Fuel Waste Management Program (CNFWMP) was launched in
1978 as a joint initiative by the governments of Canada and Ontario. Under
the program, AECL has been developing and assessing a concept to dispose of
nuclear fuel waste in plutonic rock of the Canadian Shield. Ontario Hydro
has advanced the technologies for interim storage and transportation of
used fuel. The two governments stated in 1981 that selection of a nuclear
fuel waste disposal site would not proceed until the concept had been
reviewed and assessed. Thus, a generic rather than a site-specific concept
has been developed.

The aim of the concept is to isolate the nuclear fuel waste from the bio-
sphere by a series of engineered and natural barriers. These include the
waste form, container, buffer and backfill, and the host rock. During the
past fourteen years, AECL has carried out detailed studies on each compo-
nent of this barrier system. A robust concept has been developed, with
options for the choice of materials and designs for the different compo-
nents.

The disposal concept has been referred for review under the Environmental
Assessment and Review Process (EARP). AECL, the "Proponent" for this
review, will submit an Environmental Impact Statement (EIS) describing the
concept. The EIS will be written to conform with the guidelines issued by
the Environmental Assessment Panel responsible for carrying out the review.
Hearings will be held in those provinces that have a particular interest in
the concept and its application, including Ontario, Quebec, New Brunswick,
Manitoba and Saskatchewan. These hearings will provide members of the
public with an opportunity to make presentations to the Panel and to
question AECL. At the end of the review, the Panel will make recommenda-
tions as to the acceptability of the concept and the course of future
action regarding nuclear fuel waste disposal. The Government will decide
on the next steps to be taken.

The Panel conducting this review was appointed in late 1989. Public open
houses were held in the spring of 1990 to acquaint prospective participants
on how to enter the process. Scoping sessions, designed to assist the
Panel in determining the scope of the EIS, took place in the autumn of
1990. Among the major issues raised were arguments for and against storage



as compared with disposal, the adequacy of the regulatory criteria, and
monitoring the performance of the disposal vault. In response to aborig-
inal concerns, an aboriginal representative was appointed to the Panel.

In 1991 June, the Panel issued for comment a set of draft guidelines for
the EIS. Over thirty different groups and individuals submitted comments.
The final guidelines were issued in 1992 March, and AECL expects to submit
its EIS to the Panel in 1993.

Ethical issues associated with the management of nuclear fuel waste were of
considerable concern to the participants during the scoping sessions. An
AECL workshop on the ethical issues related to the concept provided useful
perspectives on the key issues including advice on how to address these
issues.

The future direction of the CNFWMP will depend on the recommendations of
the Panel and on the resulting governmental decisions as to the appropriate
next steps. AECL and Ontario Hydro have initiated planning to be in a
position to proceed with implementation if the disposal concept is app-
roved. If the concept review is completed by 1995, as currently expected,
and if the concept is approved, disposal could not begin before about 2025.
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1. INTRODUCTION

Responsible industrial societies have managed nuclear fuel waste with a
degree of care and consideration for the protection of human health and
the environment not generally applied to other wastes. From the very
beginning, the nuclear industry has recognized the hazardous nature of its
waste and the need to manage the attendant risk.

The volume of nuclear fuel waste in Canada is relatively small. The used
fuel is being safely stored, and many years of experience have been accu-
mulated with pool storage and dry storage systems. Supporting R&D indi-
cates that these practices can be safely continued for many decades to
come [1,2].

Nonetheless, recognizing the need to provide for long-term safe manage-
ment, the governments of Canada and Ontario, in 1978, decided to establish
the Canadian Nuclear Fuel Waste Management Program (CNFWMP). The objec-
tive of the program is to investigate the safety and acceptability of a
concept for the disposal of nuclear fuel waste in a deep underground vault
in intrusive igneous (plutonic) rock [3]. Disposal is defined as a perma-
nent method of waste management in which there is no intention of retriev-
ing or handling the waste in the future. The incentive for disposal is
based on the ethical principle that we, as the principal beneficiaries of
current nuclear energy generation, should assume to the extent possible
the burden for managing the waste. This implies:

providing the financial resources for managing the nuclear waste, and
Canada's nuclear utilities have already incorporated charges into their
rate base to accrue funds for nuclear fuel waste disposal; and

developing waste technology that ensures the long-term protection of
human health and the environment, and that, to the extent possible,
does not rely on long-term institutional controls.

In 1981, the two governments reaffirmed their comiuli.iii:;>. io the program,
but announced that a disposal site selection process would not be started
until the concept had been reviewed and accepted [4]. Thus, the R&D
program and concept development have been carried out on a generic basis
rather than a specific project basis.

Participants in the program have included AECL, 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; and consultants in
the private sector. AECL's activities are cofunded by AECL and Ontaiio
Hydro through the CANDU* Owners Group (COG).

CANada Deuterium Uranium is a registered trademark of AECL.
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2. THE DISPOSAL CONCEPT

The concept is based on disposal in plutonic rock of the Canadian Shield,
which extends through a large part of Canada from western Quebec through to
Saskatchewan. A series of engineered and natural barriers will isolate the
nuclear fuel waste from the biosphere. During the past fourteen years,
AECL has carried out detailed studies on the components of this multiple-
barrier system. The objective has been to develop a concept with flexibil-
ity in the choice of methods, materials, and designs for the components of
the disposal system. The approach has focused on ensuring the performance
of the system as a whole rather than specifying performance requirements
for individual components. The main elements of the concept include enclo-
sing the nuclear fuel waste in corrosion-resistant containers, emplacing
these containers in a vault excavated 500-1000 m deep in plutonic rock of
the Canadian Shield, using buffer materials to retard the flow of water and
radioactive materials, and using seals and buffer material to backfill the
vault, access shafts and tunnels.

The R&D program has covered a broad spectrum of activities [5]. Basic and
underlying research has been conducted to achieve a fundamental understand-
ing of the various phenomena that might occur in a disposal vault. Inte-
grated experiments and studies of natural analogues have been performed to
determine the interactions among these phenomena. Extensive field work has
been carried out to characterize the hydrology, chemistry, lithology, and
structural properties of plutonic rock. Field and laboratory studies have
examined the movement of contaminants through the biosphere and the effects
of radiation on biota. Ontario Hydro has assessed the environmental, eco-
nomic, and social impacts of operating a nuclear disposal facility and of
transporting waste to it.

An Underground Research Laboratory (URL) has been constructed to carry out
large-scale, in situ experiments in plutonic rock of the type expected to
be suitable for disposal. The URL was the first such test facility to be
built below the water table in previously undisturbed granitic rock, and
the effects of construction on the rock mass and hydrogeology have been
continuously studied and recorded. Construction of such a facility was
strongly recommended by the technical oversight committee for the program
to provide for the development of excavation and characterization method-
ology and to conduct underground testing. A long-term program is being
carried out to develop and test components of the disposal concept, and to
assess rock behaviour under conditions representative of a vault environ-
ment. In addition, potential methods for emplacing buffer, backfill and
vault seals are being evaluated.

The choice of methods, materials, and designs for an actual disposal system
will ultimately be made on the basis of performance, availability, cost,
and practicality. They could include, for example,

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

These choices will not be made until a site for a vault has been selected,

3. ENVIRONMENTAL REVIEW

As the initiating department, EMR has referred the concept for review under
the Environmental Assessment and Review Process (EARP). As the
"Proponent" for this review, AECL will submit an Environmental Impact
Statement (EIS) describing the concept. The Environmental Assessment
Panel responsible for carrying out the review is chaired by Mr. Blair
Seaborn. The Panel has appointed a Scientific Review Group (SRG), chaired
by Professor Raymond Price and composed of fifteen eminent scientists from
a variety of relevant disciplines, to assist it in judging the technical
validity and acceptability of the disposal concept. The Federal
Environmental Assessment Review Office (FEARO) provides administrative
support.

The Panel will review AECL's concept, along with a broad range of nuclear
fuel waste management issues. These include the criteria for determining
safety and acceptability; the approaches used in handling nuclear fuel
waste both in Canada and other countries; the potential social, economic,
and environmental effects of waste disposal; and the potential impact of
recycling and other processes on waste volume. A general review of other
aspects of the nuclear industry, such as energy policy and reactor operat-
tion and safety, is specifically excluded from the Panel's review.

Following submission of the EIS, the Panel will review the EIS to ensure
that it meets the requirements of the guidelines. If the Panel concludes
that any issues are inadequately covered, a deficiency statement will be
issued. Once all the required information has been submitted to the Panel,
public hearings will be held so that members of the public will have an
opportunity tc nake presentations to the Panel and to question AECL. AECL
is providing intervenor funding to help the public participate in the
review. FEARO administers applications for distribution of these funds.

All federal departments with a relevant interest in the concept are ex-
pected to participate in the review process. These include the Atomic
Energy Control Board (AECB), EMR, Environment, Health and Welfare, and
Transport Canada. Environment Canada has assembled two teams of experts to
review in detail how well the concept protects the environment. When the
review is concluded, the Panel will make recommendations as to the accept-
ability or the concept and the course of future action regarding nuclear
fuel waste disposal. Government decisions will then follow.
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FEARO organized a series of "Open Houses" in ihe spring of 1990 to inform
interested parties, not directly connected with the nuclear industry or
with the scientific review process, about how they oould take part in the
review. "Scoping Hearings" took place in the autumn of 1990 to identify
issues of concern, and to assist the Panel in setting guidelines for the
EIS. One hundred and thirty participants made presentations, including
government departments, scientific and business organizations, special
interest groups, and private individuals. Among the major issues raised
were arguments for and against storage as compared with disposal, the
adequacy of the regulatory criteria, and monitoring the performance of the
disposal vault. Aboriginal land claims affect much of the land where a
disposal vault could be sited. In view of this, an aboriginal rtpresenta-
tive was added to the Panel.

In 1991 June, the Panel issued draft EIS guidelines for comment. Over
thirty different groups and individuals submitted comments. The final
guidelines were issued in March of 1992 [6].

AECL expects to submit the EIS by the end of 1993. Provided that the Panel
identifies no major deficiencies, it is anticipated that public hearings
will take place during 1994, and that the Panel will issue its report
towards the end of 1995.

Several aspects of the Panel's review are unique or unusual [7]:

a concept for disposal rather than a r^te- and design-specific project
is being submitted for review;

choices are being called for on matters important primarily to future
generations;

the primary purpose of disposal is to protect human health and the
environment should societal controls cease to be effective; and

flexibility in siting and design criteria must be maintained to allow
freedom for informed collective decision-making by the public in a
future implementation of the disposal concept.

Although this is a review of a concept as opposed to a site-specific as-
sessment, the Panel guidelines require that the EIS discuss issues that may
be important to a future site-specific assessment of an implementation of
the concept. AECL will assist the Panel in identifying potential issues
for such a future assessment by using hypothetical site and design descrip-
tions to indicate that the concept could be implemented with present tech-
nology, that an actual disposal system can be assessed, and that a suitable
site can likely be found in Canada.

AECL views the current review as the beginning of a continuing process. As
the technology for managing the disposal of nuclear fuel waste is developed
and applied to specific sites, further reviews and public consultation and
involvement will be needed in the future. Any facility will be subject to
rigorous regulatory criteria, and society will demand that a step-by-step
process be followed. Thus, a decision to proceed on the basis of the
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current review would not commit society irrevocably. A judgement now that
the concept is safe and acceptable would represent only the first of a
series of decisions between distinct phases of the process.

Each phase should lead to increased confidence in the overall system, thus
facilitating decisions to proceed to the next phase. We are currently
nearing the end of the first phase - concept development and assessment.
If the Panel shares our view that we have adequately developed the concept,
and there is a governmental decision to proceed, the next appropriate step
would be the start of site-specific activities, beginning with site screen-
ing. The sequence of events would be as follows:

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

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

in-ground characterization could lead to a decision to initiate design,
construction and operation of a disposal vault, beginning with a
demonstration phase;

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

decommissioning and post-operational monitoring would ultimately lead
to a decision to close and seal the vault.

The process of evaluating several specific sites will likely involve a
further ten to fifteen years of work before a commitment would be made to
initiate an underground excavation, followed by a further ten to fifteen
years of site exploration and characterization before construction could
begin. Thus, waste would not be emplaced in a vault before about 2025. By
then we would have accumulated many years of site-specific data and a se-
ries of increasingly refined evaluations on which to base a decision to
begin to emplace waste.

The decision to close and seal the vault would be made on the basis of the
accumulated evidence and the experience gained throughout the siting, char-
acterization and operational phases, a process extending over close to a
century. Only with that decision will the concept have definitively been
judged as safe and acceptable.

Thus, at the current concept assessment phase of the process, "concept
approval" does not mean that definitive responses are available for all
technical and social issues, because all such issues will not have been
resolved. The concept has been developed specifically to be able to
accommodate the different conditions and demands that will be specific to
particular sites. Rather, concept approval represents a judgment that
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sufficient understanding has been developed to continue with the
process, with an expectation that we will eventually reach the end
point of sealing a vault; and that

at the appropriate time we should proceed to the next phase of the
program, the beginning of site-specific activities.

4. ESTABLISHING CONCEPT ACCEPTABILITY

The AECB has set out objectives and criteria for the disposal of radio-
active wastes at a specific site in a series of regulatory policy state-
ments [8-10]. The development program we have carried out over the past
fourteen years has enabled us to develop the tools and expertise needed to
obtain site-specific data and to incorporate this information into a dispo-
sal vault design that will meet these regulatory criteria.

To demonstrate this, we intend to show that

technology exists to site, design, construct, operate, decommission and
close a disposal facility that meets the regulatory requirements for
the protection of human health and the environment;

a methodology is available to evaluate the performance of a disposal
system in plutonic rock in terms of regulatory requirements for the
protection of human health and the environment; and

it is likely that a suitable site can be found in Canada.

Because of the Government's requirement that no site be selected prior
to review and acceptance of the concept, AECL has not assessed a specific
site with its particular body of rock and its particular surface environ-
ment. Rather, three related case studies have been performed, each with
its own objectives relative to the assessment:

We have developed a conceptual design of a hypothetical disposal facil-
ity. This design was used to assess engineering feasibility and costs,
and to provide information relevant to assessing the potential impacts
of disposal.

Ontario Hydro has assessed the short-term preclosure impacts of imple-
menting the conceptual design at a hypothetical site. The objectives
were to demonstrate the assessment methods, to determine how sensitive
the estimated impacts are to changes in the factors considered, and to
indicate the type and magnitude of impacts that could occur.

We have assessed the long-term postclosure impacts of a hypothetical
disposal facility at a hypothetical site having subsurface character-
istics deri%'ed from information obtained from a field research area.
The objectives were to demonstrate the assessment methods we have
developed; to demonstrate how the assessment methods are used as a
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design tool to determine design constraints; to establish the relative
importance of various design parameters; to determine how sensitive the
estimated impacts are to changes in the factors considered; and to show
that a disposal system, under hypothetical but realistic conditions, could
meet the safety criteria.

Thus, in our development program we have demonstrated our ability to
investigate the surface and subsurface characteristics of potential host
rock formations, we have demonstrated specific aspects important to the
engineering of a disposal system, and we have developed a conceptual design
of a hypothetical disposal facility.

Although it is not possible to provide complete full-scale demonstrations
of ail aspects of a disposal facility without actually building one, our
case studies are based on realistic facility and site characteristics,
albeit hypothetical, using information obtained from extensive laboratory
and field research. The hypothetical disposal facility is technically
feasible with available technology or with reasonably achievable
developments, as required by the AECB [8jj, and the characteristics
specified for the hypothetical pites are, in our opinion, not exceptional.

While many detailed investigations would have to be done at an actual
candidate site to establish its suitability for a waste disposal facility,
we will argue that the requirements of a technically suitable site are
likely to exist on the Canadian Shield.

5. ETHICAL ISSUES

Ethical issues are of major importance in the review, and this interest is
reflected in the EIS guidelines. The guidelines, for example, state that

. . . ethical and moral perspectives, along with various
social issues, as evidenced by presentations to the
Panel at the scoping meetings, are as important as
scientific, technical and economic considerations. The
proponent should include . . . an investigation of how
relatively narrow and focused considerations of a
scientific, technical or economic nature should be
viewed in the much broader context of ethical, moral and
social considerations.[6]

Prom the beginning of the CNFWMP, AECL has considered the ethical responsi-
bility to future generations to be an important consideration. To provide
considered perspectives on the key ethical issues related to the disposal
concept and to obtain advice on how to address the issues identified, AECL
conducted in March of 1991 a workshop with eight ethicists, social scien-
tists and theologians, including an aboriginal leader. The workshop was
constructive and informative. Participants preferred disposal to storage,
and recommended that the generation that benefits from nuclear power must
take responsibility for disposing of its nuclear fuel waste, but that
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future generations should have the options of retrieving this waste and of
taking remedial action if necessary. In principle, these options exist
within our concept.

It was most important to the participants that arrangements for handling
nuclear fuel waste be based on informed consent amongst the affected
publics, and that developing informed consent should be clearly recognized
and distinct from persuasion. A report summarizing the proceedings of the
workshop has been produced [11].

6. FUTURE DIRECTION

The future direction of the CNFWMP will depend on the recommendations of
the Panel and on the resulting governmental decisions as to the appropriate
next steps.

Ontario Hydro has published a Corporate Reference Plan for Used Fuel [12],
and AECL and Ontario Hydro have initiated planning to be in a position to
proceed with implementation if the concept is approved. Siting activities
have been identified as important initial activities. These include site
screening, characterization of one or more potential sites using surface
techniques, and excavation and in-ground characterization of at least one
site. Implementation will require optimizing the concept, and continuing
R&D in key technologies to support this optimization.

If the review is completed by 1995, as currently expected, and if the
concept is approved, disposal could not begin before about 2025. Although
this date appears to be far in the future, the activities associated with
siting a facility, optimizing the details of the concept, and public con-
sultation and review processes will require that amount of time. It is
therefore important that we proceed with implementation as soon as pos-
sible, once the concept has been accepted.

7. CONCLUSION

AECL believes that it has developed a robust and flexible concept for dis-
posal of nuclear fuel waste that will meet the regulatory requirements of
Canada. We are continuing research and development work to ensure that the
public and the industry have as much confidence as possible in the safety
of the concept and in the feasibility of implementing it. The process for
a federal environmental review of the concept has started.

The review of a concept as opposed to a site- and design-specific project
requires focusing on whether it is appropriate to proceed with the first
phase of implementation. We believe that we have reached the stage in the
CNFWMP where the greatest benefit will result if activities proceed on a
site-specific basis.

We are entering a very public process. Our experience has shown us that
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such processes are not easy for the nuclear industry. We are confident of
our ability to provide a thorough and convincing EIS, which should lead the
Panel to recommend that we proceed to the next phase of the process
leading toward disposal. Our confidence is founded on the strength and
depth of our technical program and on a well-founded public consultation
program. Building on this foundation, we can begin to address the many
demands that this review will place on us. There is an old Chinese curse
that says, "May you live in interesting times." The next few years are
going to be very interesting for the Nuclear Fuel Waste Management Program!
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