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INTRODUCTION

The research and development program to establish the
technologies needed for the safe, permanent disposal of Canada's
nuclear fuel wastes is progressing well. The Canadian program is
based on the concept of deep underground disposal in stable rock
formations with the major emphasis on plutonic rocks of the
Canadian Shield in Ontario. The essential features of the program
have been described before [1J. This *multidisciplinary program
brings together a wide range of scientific and engineering
expertise from all parts of Canada. Over- the past two years,
there has been an increasing involvement of the academic
community, private industry and consultants. Some twelve
university departments and over twenty industrial companies are
now participating in the program along with several government
departments or agencies and AECL. In all, over 250 professional
scientists or engineers, including about 130 geoscientists, are
contributing in some way to this program.

A summary of progress in both the technical and public
information aspects of the program, was issued in December 1979.
This report [2] was the first in a series of annual reports
intended to inform interested members of the scientific community
and the public of the work which is being done, and to reference
the more detailed sources of information if required."Clearly, in
this presentation it will be impossible to cover such a
wide-ranging program, even in a general sense. What I will do is
consider a few of the more significant highlights over the past
year.

Last year I announced that a committee of independent,
distinguished scientists had been appointed to review all
technical aspects of the nuclear fuel waste management program
131. As expected, this first year for the Technical Advisory
Committee has been largely a learning process. Nevertheless, as
their first annual report [4] indicates they have looked in some
depth at many aspects of the program and have made a number of
recommendations.

The program has also been reviewed by the Porter
Commission [5] and Ontario Legislature's Select Committee on Hydro
Affairs [6]. In these instances, particularly with the Select
Committee, there was more emphasis given to the social and
political implications of the program and several recommendations
were made in that area. I will comment on these reviews and that
of the Technical Advisory Committee later, but first a few
comments on the program itself.

The public information program has been extended and now
covers most of the Canadian Shield region of Ontario. Information
officers are stationed in Sudbury, Ottawa and Toronto and, during
the field research season at Atikokan, an office is maintained
there. Over the past year, scientists involved in the waste
management program have made over eighty presentations describing
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various facets of their work. These efforts have been
supplemented by the distribution of both semi-technical and
non-technical literature, and by showings of the waste management
film and display.

About a year ago, AECL received ..approval for a field
Research Area at Forsberg Lake, near Atikokan. Such field studies
are essential to the success of the program, for without a sound
knowledge of rock properties and water movement at depth, we will
be unable to adequately assess the safety of the proposed concept
of disposal. Additional Research Areas are needed, particularly
in types of plutonic rock other than the granites which are being
studied at Forsberg Lake and at WNRE. The current process of
obtaining approval is, however, a long one and as yet we have been
unable to gain approval for any further Research Areas. In fact,
despite our considerable efforts to provide factual information
about all aspects of the program to the public, a number of
councils have opposed any research in their area.

There is a strange dichotomy. Almost everyone agrees
that research is essential to assess the safety of proposed waste
disposal methods. Even though it is accepted that the research
poses no threat, communities have difficulty in divorcing the
research phase of the program from the later demonstration
disposal phase which will involve the selection of a site for the
emplacement of some immobilized waste. Despite repeated
assurances on the part of AECL that acceptance of research work
does not commit any community to further involvement in the
program, it is clear that some alternative approaches are needed
for obtaining approval for research activities. I believe that
we need more visible involvement of the governments, particularly
in assuring the public of the process to be used to judge the
research and to eventually select a demonstration site.

THE TECHNICAL PROGRAM

The technical program has proceeded more smoothly and
significant progress is being made. Ontario Hydro has continued
its studies of used fuel storage [7] and transportation, while the
work co-ordinated by AECL [2] has covered immobilization of used
fuel or processing wastes, geotechnical and geochemical research
both in the laboratory and in the field, conceptual engineering
design of disposal facilities and studies related to environmental
and safety assessments.

In the studies of the immobilization of used fuel,
emphasis is being given to the design of containers with a life of
some 300 to 500 years, in this way isolation of the vast majority
of fission products for the duration of their hazardous lives
would be guaranteed. Although it is intended to look at methods
of containment for much longer periods, it appears that, on the
basis of early results, the U02 itself may well be a viable waste
form. Data obtained in tests over 900 davs and undpr unfawonrahle
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oxidising conditions show that the long-lived actinide elements
are well-retained by the U02 matrix which is a very insoluble
material.

Immobilization in borosilicate glasses is the reference
method for processing wastes not only in Canada, but around the
world. However, work is also being done on alternative methods of
immobilizing the waste. Our understanding of processing variables
and the behaviour of the glass products continues to increase.
Considerable advances have been made in defining the character-
istics leading to leach resistant and stable glass forms. Of
historical interest, the results of the examination of the CRNL
nepheline syenite glass blocks retrieved in 1978 are now availa-
ble [8]. After 20 years of burial in the wet sandy soil at CRNL,
the extent of reaction at the glass surface was only a few nano-
metres in depth. Perhaps more importantly, the experiment has
demonstrated that leach rates in the field can be very much lower
than those determined in laboratory tests. A significant factor
is believed to be the support given to the corrosion product
layers by the sand matrix.

In the geotechnical work, field research has continued
at WNRE and CRNL. However, work [9] at the new Research Area on
the Eye-Dashwa pluton at Porsberg Lake, near Atikokan was
undoubtedly a highlight. Last year, four boreholes were drilled,
one to a depth of more than 1000 metres below the surface.
Although the pluton is, by surface appearance, a highly fractured
formation, large regions of rock were encountered with only- a few
hair-line cracks, at depths greater than a few hundred metres.
However, a large zone of highly fractured rock, perhaps a 100
metres thick, was found at a depth of 940 metres. For the large
part, the fractures are filled with minerals which are relatively
impermeable so that this deep fracture zone appears to be
resistant to water flow. We intend to study the deep fracture
zone further and a fifth borehole has been started which, it is
hoped, will shed further light on the extent and characteristics
of the zone and the reasons behind its occurrence.

Extensive hydrogeologic testing [10] was done at
Forsberg Lake last year and this will be continued. Although the
conditions were not ideal, measurements of hydraulic head at depth
appear to indicate three distinct flow systems; a local system
over the first 200 metres from the surface with a downward
gradient, an intermediate flow system at 200 to 600 metres also
with a downward gradient and a regional flow system at 600 to 1000
metres which has an upward gradient. The rock appears quite tight
and it has been very difficult to obtain water samples at depth.

#

It has long been recognized that one of the principal
factors is that of modelling or predicting water flow in a medium
where flow is controlled by fractures in the rock. A significant
effort is being directed toward fracture flow modelling because of
its importance in the overall assessment of the safety of the



-4-

concept. It too is an area in which there is international
cooperation, and Canada is participating in a multinational study
to assess the applicability of various hydrogeologic modelling
techniques for the evaluation of groundwater flow patterns in
fractured crystalline rock formations.

At last year's conference, I mentioned that a "first
case" safety and environment assessment had been made. That
analysis indicated that the only radionuclides likely to reach the
environment in the first million years after disposal were
technetium-99 and iodine-129. Work on* potential buffer materials
which could retard, or even prevent the movement of these nuclides
has shown promise [11]. The general subject of behaviour of
buffer materials and the geochemical transport of nuclides through
fractured rock are two facets of another international project in
which we will be participating. The Stripa project in Sweden will
address these areas as well as hydrogeologic behaviour in hard
rock.

• uncertainties are likely to exist in the values of many
parameters which are important to the estimation of risk
associated with nuclear fuel waste disposal facilty. These
uncertainties arise from errors in measurement or specification of
the parameters for a given system, and because a range of sites
and design options must be considered. While definition of the
parameters will become more precise as the research work in all
areas of the waste management program progresses, it will always
be necessary to identify the degree of uncertainty associated with
any assessment. The approach being developed is one of systems
variability analysis which will take acdourtt of uncertainty and
variability. The results of such an analysis will be expressed as
the range of consequences of a given scenario together with the

\ likelihood of that scenario^ occurring. A first analysis using
i this new approach is almost complete.

1 The ultimate goal of the initial research is a generic
safety and environmental assessment to be presented to the
regulatory authorities. In the past we have referred to this as
the product of "concept verification"; however, after reviewing

I our research program the Technical Advisory Committee has
suggested [4] that "concept assessment" would be more appropriate;
this we accept. To facilitate the review of this documentation
the Atomic Energy Control Board, the Ontario Ministry of Environ-
ment and Environment Canada have formed an Interdepartmental
Review Committee.

As the program has developed, it has become evident
that, although a great deal of information appropriate to the
assessment of the waste disposal concept can be obtained in the
laboratory and by borehole testing in the field, it is essential
to conduct experiments on a scale and in an environment which can
only be achieved underground. A proposal has been made to
construct an Underground Research Laboratory, possibly in the Lac
du Bonnet batholith near WNRE. A conceptual design was completed
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in 1979 [12] and an updated study is now underway. The proposal
is to excavate several rooms a few hundred metres underground in
which experiments related to geology, hydrogeology, rock
mechanics, geochemistry, sealing and buffer materials, etc would
be mounted. Considerable interest in such a laboratory has been
expressed by our international colleagues. The Laboratory could
be ready for operation by 1984.

EXTERNAL REVIEW OF THE PROGRAM

I now want to return to the reviews of our program that
I mentioned earlier. The Technical Advisory Committee has had
extensive interaction with staff at all levels and in all parts of
the program. The Committee made an early request for the
appointment of additional members to broaden the expertise
available, particularly in the area of systems analysis and
ecological studies. The Information Processing Society of Canada
and the Biological Council of Canada have suggested appropriate
candidates. I am pleased to announce that Dr. Tuncer Oren, a
specialist in systems analysis, has joined the Committee and I
expect that an ecologist will be appointed shortly. .

In its report [4], the Technical Advisory Committee
endorses the basic approach of concentrating on deep underground
disposal in hard rock, as does the Porter Commisssion [5]. At the
Select Committee Hearings some criticism of this approach was
voiced. I still firmly believe that, with the financial and
technical resources available to Canada, it is more appropriate to
concentrate on one concept, as we have done with CANDU. We will
continue a small effort, and maintain a watching brief on work
being done by our international colleagues on other geologic
formations, such as salt or shale* We have already completed a
major review of salt • formations in Canada and one covering shale
and limestone formations in Ontario is in progress [13].
Furthermore, Canada, through the Atlantic Geoscience Centre, is
participating in the international Deep Sea Bed Disposal Study and
this month will be conducting a site investigation of geological
and geochemical characteristics of the sea bed in the Western
Northern Atlantic [14].

Some concern was expressed by the Technical Advisory
Committee that the hydrogeologic program needed better definition.
A program document detailing the proposed hydrogeologic program is
now in the final stages of preparation. We are also fortunate in
that three of Canada's most prominent hydrogeologists have agreed
to review the proposed program. The existence of a program
document, in itself, does not meet the concerns of the Committee.
As they have stressed, expanded field research is essential and
ways must be developed, to facilitate the research: this view we
also share.
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In its final report [5}r the Porter Commission welcomed
the establishment of the Technical Advisory Committee as "an
important form of peer technical and scientific review". However,
recognizing that social and political issues must be addressed,
particularly in the later stages of the program which would follow
a successful concept assessment, they also recommended the
formation of a "nuclear waste social advisory committee" made up
of professional social scientists. The role of this committee
would be "to ensure that the broad social, political and ethical
issues are addressed". We are considering the specific role which
such a committee might fullfil. „ :

vë-'
The Commission [5] also recommended 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,
as judged by the technical and social advisory committees, the
provincial end federal regulatory agencies, and the people of
Ontario - especially in those communities that would be directly
affected by a nuclear r waste disposal facility - a moratorium
should be declared on additional nuclear power stations".
Provided the program is funded and allowed to proceed in an
orderly fashion, I am confident that the concept assessment phase
of the program will have been concluded before 1990.

The final report of the Ontario Select Committee on
Hydro Affairs concerning the disposal of nuclear fuel-wastes has
not yet been issued. Its major recommendations are, however, a
matter of public record [6]. In its hearings, the Committee heard
from a wide range of witnesses, both technical and non-technical,
from Canada and the U.S. They also visited WNRE and the Research
Area at Forsberg Lake and . held public hearings in Atikokan and
Thunder Bay.

The Select Committee called for AECL and its
collaborators to submit more of their work to peer review and to
sponsor technical symposia. This is somewhat surprising, since we
have, throughout the program, endeavoured to make all information
available as quickly as possible, so that scientists and other
interested individuals can review it in depth. Preliminary data
is issued as quickly as practicable in the form of Technical
Records and over 70 of these are already available. Major papers
are issued as AECL reports after a thorough internal review, and
are also presented and discussed at major national and
international conferences or submitted for publication in the
technical literature. Over the last two years more than 30 such
publications have been issued [15]. The work is therefore open to
the scrutiny of scientists throughout the world. In May, 1980 a
major information meeting on the geotechnical part of the program
was held in Ottawa. It was attended by 175 scientists, many of
whom were not involved in the program. We expect to hold more
symposia of this type.
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Like the Technical Advisory Committee, the Ontario
Select Committee endorses the need for research and urges that it
be expedited as much as possible. The Select Committee clearly
acknowledges that the research should be done by AECL, with the
involvement of other agencies, universities and industry, as is
the case at present. They also recommend the formation of a new
federal-provincial agency reporting to a Board, which in turn
would report to the two governments. The agency would,
inter-alia, contract the research to AECL. The net effect would
be to insert two more levels of decision-making into what is
already a very complex and challenging mission-oriented research
activity. While I agree that a specific agency may be appropriate
for the operational phase of a waste disposal facility, I believe
it is premature to establish it at this po'int for the research
phase. The British Radioactive Waste Management Advisory
Committee [16] in reviewing the Flowers' Report [171 rejected a
similar recommendation for the formation of a new nuclear waste
disposal agency in the UK.

I am convinced of the need for clear government action
to support the field research activities. The current requirement
is for approval of new Research Areas on gabbro plutons, coupled
with the necessary funding levels, as recommended by the Technical
Advisory Committee. If the research is to move ahead, improved
methods of obtaining thé approvals must be found.

SUMMARY

In summary, I believe we have established a strong and
viable research and development program. Insofar as the timetable
is concerned, we have lost some time in establishing the approvals
process and in marshalling the effort required to get the program
underway. The rate of progress with the research will now be
determined by our success in obtaining new Research Areas and in
the level of funding available to the program each year. It is
clear that the concept assessment phase will not be completed
before 1983, but I am confident that we will be able to recommend
site selection for continuing research/ development and
demonstration in the 1980's, and that our original objective of
having demonstrated all the immobilization and disposal techno-
logies can be achieved by the turn of the century.

Let me stress, however, that the basic principle remains
the safety of the concept must be shown to the satisfaction of

the appropriate regulatory authorities, governments, the technical
community and the public before the process of selecting a site
for a demonstration vault will begin.
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