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Three years have now passed since the governments of Canada and
Ontario agreed to cooperate on an accelerated program to develop
technologies for the safe, permanent disposal of Canada's nuclear
fuel wastes. Atomic Energy of Canada Limited has prime
responsibility for the research program and provides overall
coordination. However/ the program is truly national, with
participation from several government departments, federal and
provincial, from industry and from the academic community. The
progress which has been achieved so far is due, in no small
measure, to the excellent cooperation and wide range of scientific
and engineering expertise provided by the many contributors to the
program.

When I look back over the past year's progress, I have some mixed
feelings. There have been major technical achievements; we have
reached an important point in our work on environmental and safety
assessment of the disposal concept, our laboratory and field
research has advanced the data bank essential to the concept
assessment and we have initiated the development of an Underground
Research Laboratory (URL). I will discuss these later. However,
the work has not progressed at the pace originally thought
possible and several factors have contributed to this. One reason
has been the delay in gaining approval for additional field
research areas. Another was the lack of adequate resources, not
only financial, but also the availability of suitably qualified
Canadian scientists and engineers.

I am pleased that the Federal Government has approved a 10-year
generic research program. This will provide the necessary
financial support for the research and allow an orderly expansion
in the program including the development of the URL, other much
needed experimental facilities and field work at additional
research sites. The progress of the program will be reviewed by
the government on a regular basis.

To learn more about the range of characteristics of hard-rock
plutons in the Ontario portion of the Canadian Shield, we must
have access to two additional field research areas and they should
be on gabbroic formations. Most people agree that field research
is essential to assess the safety of the disposal concept.
However, in the original process for selecting research areas,
AECL was required to obtain local council approval. This made the
councils .suspicious that, if they gave approval for the research,
they may find themselves committed to accepting the waste.
Recognizing this concern, ,the governments of Canada and Ontario
gave approval in 1980 October for airborne and surface
reconnaisance of five plutons which had been identified as
potential research areas. All five areas were in unorganized
territory. The reconnaisance was completed and recommendations
have been made as to their suitability for the research program.
I expect that, very shortly, the governments will announce their
approval for AECL to use two of the areas to conduct the essential
field research.
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I mentioned earlier that significant progress had been achieved j
our research program. The research program has been outlined in j
the program description (1) and is described in our annual
progress reports (2,3); the second annual progress report was
issued last December. The progress reports reference many of the
more detailed reports which are available on the various aspects
of the program. I should also draw your attention to the second
annual report'of the Technical Advisory Committee which is now
available (4). The Technical Advisory Committee of distinguished
scientists and engineers is an independent group formed to advise
AECL on all technical aspects of the program. Over the two years
it has now been operating, the Committee has played a valuable
role in making sure that the program is covering all essential
research needs and that the approaches being taken are valid ones.
Their efforts are much appreciated by all who are involved with
the program.

Clearly, it is not possible in the time available today to more
than scratch the surface of what has been accomplished and I will
deal only with one or two highlights. As part of our work on the
immobilization of fuel and of reprocessing waste, dissolution
rates of several materials have been measured. These include the
0Ô2 fuel matrix, borosilicate and aluminosilicatë glasses, along
with natural minerals, such as sphene (CaTiSiOs) and albite
(NaAlSi3Og), which are potential hosts for the immobilization
of processing wastes. In deionized water at 100°C, the
dissolution rates of these materials are comparable in magnitude
to that of Lac du Bonnet granite (3). Information available to
date suggests that the behaviour in typical ground waters will be
very similar. There is, therefore, mounting evidence that a
number of waste forms are extremely resistant to water at the
temperatures being considered in the Canadian disposal concept.
Our field research work at WNRE and Forsberg Lake, near Atikokan
has shown that there are considerable thicknesses, 200 metres or
so, of rock with only a few fractures and very low hydraulic
conductivities (3). Moreover, while open fractures do exist at
various depths, and probably have existed for millions years, the
maximum fracture openings observed are no more than a few
millimetres wide. The inference, of course, is that, even over
the extremely long time periods involved, the ground water has
dissolved very little of the granite rock.

These two observations, waste forms with dissolution rates
comparable to that of granite and evidence that granite is not
appreciably attacked by water over perhaps millions of years,
together provide confidence that a high degree of immobilization
of radioactive waste can be achieved.

As the program has developed, it has become evident that, to
complement the information obtained in the laboratory and by
borehole testing, it is essential to conduct geotechnical
experiments on a scale and in an environment which can only be
achieved underground. Proposals are being formulated for the
construction of an Underground Research Laboratory in the Lac du
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Bonnet batholith, near WNRE on property leased from the Manitoba
government. A detailed conceptual design of the laboratory has
been completed (5) and studies have begun to determine the
geophysical, geological and hydrogeologic characteristics of the
local region. Earlier this year, the first exploratory drilling
was done to a depth of around 600 metres and a second hole is now
being drilled. A preliminary assessment of the environmental
impact of the construction and operation of the URL has been made.
It is not surprising that the assessment identified no significant
impact which could not be readily mitigated, because the project
involves a relatively small excavation, no mineral processing
operation and, most importantly, no use of any radioactive
materials other than those commonly used in industry and
exploration throughout Canada.

The laboratory, as now envisaged, would consist of several small
rooms at a depth of about 300 metres. Its construction in the
granitic rock of the Lac du Bonnet batholith will allow
geotechnical data to be obtained that are representative of
typical plutonic formations of the Canadian Shield. The research
program will provide information on the effects of excavation on
the rock mass and on its hydrogeological behaviour, as well as a
wide range of geological, hydrogeological and geochemical
information. The URL will also be a facility for thoroughly
testing the disposal models and methodologies in a realistic
environment.

The URL will be the first test facility in the world which will be
built below the water table and in an undisturbed rock formation.
Several other countries or groups of countries with waste
management programs have expressed interest in the laboratory and
the research program envisaged. The US is already participating
quite actively in the preliminary exploration and planning work.
Cooperation on an international scale is increasing, not only in
the» URL but in all aspects of the program. The exchange of
information and of ideas are important factors in ensuring that
our work is both relevant and technically sound.

Th€î results of all our research activities feed into the overall
assessment of the concept. There will be a series of concept
assessment documents, each more complete than previous ones and
reflecting the most up-to-date research data together with review
and comment from regulatory agencies, the Technical Advisory
Committee, the technical community and the public. The
governments and appropriate regulatory agencies of Canada and
Ontario are now finalizing the process to be followed in formally
reviewing the concept assessment documents and judging whether the
concept is acceptable or not. There will be provision for public
comment throughout, and for public hearings later in the process.

Perhaps the most important technical achievement, over the last
year, is in the assessment of the safety and environmental impact
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of a nuclear fuel waste disposal vault. This work will form a i
vital part of the concept assessment documents. The results of a j
preliminary environmental assessment were reported briefly, in our •
second annual report (3). The evaluation drew together ,
information from all other aspects of the program. - Since the
models used are still approximate and many of the data required as
input are not accurately known, a systems variability analysis
approach has been developed in a computer program SYVAC (6). This
approach allows an estimate to be made of 'the probable
consequences, for example the maximum radiation dose to an exposed
individual, for any given set of conditions or assumptions. In
any particular scenario, the consequence is determined by
establishing the time and rate at which radionuclides are leached
from the immobilized waste and the time taken to reach the surface
environment. These depend on the ground water flow, and
absorption on the rock surfaces or buffer materials. Then the
analysis determines the extent to which man will be exposed to
radiation through consuming food or drinking water which may
contain the radionuclides. To make these calculations SYVAC
selects a value for each of the necessary parameters involved from
a range of values which represents the most probable distribution
for that parameter. For example, the rate at which water is
assumed to flow through the vault or the rate at which material is
leached from the vault can be varied over ranges that are known or
believed to be possible.

The detailed methodology and data used in that first analysis was
widely distributed for review and comment by individuals in the
program and others such as the Technical Advisory Committee. A
two-day information meeting on the topic was also held in Toronto
earlier this year. On the basis of the comments received, we
believe that the approach being taken is a sound one. In
particular, the Technical Advisory Committee has examined this
work in detail and considers this approach to be appropriate and
well chosen and that correct methods are being followed (4). A
second assessment has been made using revised distributions of
values for some of the parameters which are based on the feedback
we received.

The results of the second assessment of the consequences, based on
a total of 1730 estimates and expressed in terms of the maximum
radiation dose to the most exposed individual, are summarized in
Figure 1 (7). Of the 1730 estimates, 730 are not included in the
histogram since the transport time to the surface exceeded one
million years. This, is an arbitrary cut-off point, but is
probably appropriate since the radiation doses beyond this time
are due mostly to the daughter products of uranium-238. As you
can see, none of the estimated doses exceeds the natural
background radiation dose nor, I might add, comes anywhere near
the maximum dose to any member of the public which is permitted
under the present Atomic Energy Regulations. In fact, only five
of the 1000 estimates, included in this figure, exceed one percent
of the natural background radiation dose.
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FIGURE 1 PROBABILITY OF ANY INDIVIDUAL RECEIVING A GIVEN MAXIMUM DOSE
AS A RESULT OF A NUCLEAR FUEL DISPOSAL VAULT

This work is also being used in a sensitivity analysis to help
identify those parameters which have most influence on the
isolation of the radioactive material. In this wayf we can
concentrate our research efforts in those areas of most concern.

I must stress that we still regard this as preliminary work and we
expect to go through many more iterations before we are completely
satisfied. The results are, however, most encouraging and support
the view, that if nuclear fuel wastes are suitably immobilized and
buried deep underground in a stable geologic formation they can
indeed be effectively isolated from man.

In summary, a satisfactory level of funding is now available for
the waste management research program and, provided that we obtain
government authorization for additional field research areas, we
can now expect the program to move forward on a broader front.
Additional research will refine the disposal concept, expand and
improve the relevant data base and further develop the techniques
for assessing the overall impact of waste disposal. The
Underground Research Laboratory will play a significant role in
this work.

The results so far are very encouraging. There is mounting
scientific evidence that the disposal of immobilized wastes in the
Canadian Shield, will protect man and the environment from harmful
effects.
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