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ABSTRACT

Nuclear reactors have been operating safely in a number of countries during the last half of this century.
Nuclear research reactors have been used to increase our understanding of the fission process and to produce
radioisotopes for medical diagnostics and to treat cancer. Nuclear power reactors have provided environmentally
friendly energy in abundance, helping to provide a life style that is unmatched in the history of mankind.
However, in spite of over a quarter century of research into the final disposal of the radioactive and toxic wastes
associated with the nuclear process, final disposal of high level nuclear wastes will not occur until the next
century. In this paper, some of the outstanding issues and concerns will be discussed and suggestions presented
for future studies.

A world wide consensus has evolved among scientists that geological isolation offers the best option for
permanent disposal and that the engineering technology has been developed well enough to allow various
geologies such as granite, clays, salt, and tuff to be considered as a host rock. A decision to reprocess used
nuclear reactor fuel is dictated by a combination of national policies, type of reactor fuel and economics with the
end result that the form of the used fuel wastes can include used fuel, borosilicate-based vitrified wastes, glass
ceramics and other waste forms.

Emplacement of used fuel wastes and material designed to form a mechanical and geochemical barrier
between the wastes and the host rock will disturb the geochemical equilibria of the host rock. Subsequent
evolution of the geosphere may result in the formation of new alteration minerals in the disposal vault and along
fracture flow paths and in changes to the hydraulic conductivity of the engineered barrier and the rock mass
surrounding the vault. To predict the extent of these changes, geochemical codes are used with thermodynamic
data obtained from rock-water interaction studies.

A considerable amount of work has been performed world wide to understand the interactions between
dissolved radionuclides and the geological material surrounding the wastes. These interactions are governed by a
large number of factors and are usually expressed as sorption coefficients. Recent developments in spectral
techniques such as EXAFS have led to a better understanding of the processes that lead to sorption and suggest
that these processes are not always reversible but may lead to the formation of new, low temperature minerals.

In preparing to enter the 21s' century, during which we can expect geological disposal of high level
nuclear fuel waste to take place, we will need to convince the general public of the safety of this method of
disposal. To do this and to build confidence in our ability to assess the environmental impact of used fuel wastes
disposal, two important tools can be used, natural analogs studies and long term demonstration experiments.
Natural analog studies provide insight into the long term behaviour of radionuclides. These studies are generally
directed to uranium deposits such as the Koongara and Cigar Lake deposits, but also include the evolution of
trace element distributions in natural fractures and anthropomorphic analogs such as brass cannons and iron nails.
A drawback to natural analog studies is that often insufficient information is available on the initial conditions
under which the natural analogs were formed. Long term demonstration experiments, on the other hand, can be
designed so that the conditions can be controlled and monitored during the course of the experiment, although it
is recognized that these experiments are, by their nature, of limited duration.
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1. Introduction

Approximately 60 years ago in Germany, Otto Hahn, Lise Meitner and Fritz Strassman
provided experimental evidence that uranium nuclei could be split into two smaller nuclei.
Less than five years later, Enrico Fermi and his research team showed that a chain reaction of
fissioning uranium nuclei could be maintained using enriched uranium as fuel and graphite as
moderator. The first civilian nuclear power plant, a graphite-moderated, CO£ooled reactor,
became operational at Calder Hall in the United Kingdom in 1956, less than twenty years after
Hahn and Strassman's discovery. Since the late 1950s, nuclear power and nuclear research
reactors have, with a few notable exceptions, been operating safely in a number of countries.
Nuclear research reactors have been used to increase our understanding of the fission process
and to produce radioisotopes for medical diagnostics and to treat cancer. Nuclear power
reactors have provided environmentally friendly energy in abundance, helping to provide a life
style that is unmatched in the history of mankind.

Already in the 1960s, the need to deal with the disposal of radioactive wastes
associated with the production of nuclear energy and radioisotopes was recognized. With the
optimism that earmarked the years following the second World War, it was generally assumed
that, if science and technology could join forces and control the chain reaction of a fissioning
process and produce electricity, disposing of the wastes would not pose an insurmountable
obstacle. The first phase in the disposal of the wastes was usually considered to be a chemical
process to extract the remaining enriched uranium from the irradiated fuel, leaving a liquid
residue. The chemical processes required for these separations had already been developed as
part of the Manhattan program and it was further assumed that the liquid wastes could be
incorporated into a glass matrix. In the 1960s, scientists at the Chalk River Laboratories near
Ottawa, Canada, developed a nepheline syenite glass matrix that they used as a host medium
to incorporate some of the radioactive wastes. As part of the experimental program to assess
the viability of this waste form, a number of these nepheline syenite ingots containing Sr,
137Cs and 239Pu were buried at a shallow depth in a sandy aquifer at the Chalk River site and
the groundwater monitored downstream for radioisotopes leached from these glass blocks.
Because early results showed no indication of leaching, a second batch of nepheline syenite
blocks was prepared with a lower resistance to leaching. Over the years, this long-term
experiment has provided a considerable amount of insight into the leaching behaviour of
glasses and the transport of selected radioisotopes in the geosphere (Melnyk et al. 1984).

In the 1970s, the nuclear community shifted its attention to the disposal of nuclear
reactor fuel wastes. By this time, nuclear power reactors had been operating for
approximately twenty years. One of the reasons for this shift in attention was a decision by
then-US president Jimmy Carter that the United States would not continue with the
reprocessing of used civilian nuclear fuel. The capacity for used fuel reprocessing in France
and the United Kingdom was limited. Even though the wastes produced by nuclear power
plants do not present large volumes, extrapolation of the required storage space at reactor sites
gave a clear indication that some solution to the disposal of the wastes needed to be found.

- 47 -



JAERI-Conf 99-004

As we are nearing the close of this century and of this millennium, research into the
final geological disposal of the radioactive and toxic wastes associated with the production of
nuclear power has been ongoing for twenty years. However, in contrast with the development
of nuclear power reactors which required less than twenty years to progress from conception
through construction to operation, only some low and intermediate level wastes have been
disposed of in geological environments. By contrast, the final disposal of high level nuclear
wastes is not expected to occur until the next century. The reasons for the differences in the
time frames for the development of nuclear power and for the disposal of the wastes produced
in the generation of nuclear power include technical as well as socioeconomic ones. Some of
these perceived differences are shown in Table 1.

Table 1: Perceived differences between nuclear power generation and high level nuclear waste
disposal
nuclear power generation
• good timing
• economic benefits
• urgent need
• short time scales
• visible
• involves scientific and engineering

principles that can be controlled

high level waste disposal
• poor timing
• no economic benefits
• no urgent need
• long time scales
• not visible
• involves geological processes than cannot

be controlled

In spite of the time and effort spent by a large number of national programs, some
outstanding issues and concerns remain and will have to be addressed before the geological
disposal of high level wastes will become a reality. Space limitations prevent an exhaustive
discussion of all aspects of nuclear fuel waste disposal and the main emphasis will be directed
towards geochemical issues and contaminant transport in the geosphere in this paper.

2. Waste Forms

Nuclear wastes can be grouped into various categories, based on their origin, use, or
radionuclide concentrations. A typical breakdown into categories is given in Table 2.

Table 2: Nuclear Waste Categories
Nuclear Waste Category
• low level wastes
• intermediate level wastes
• high level wastes
• mine tailings
• institutional wastes
• historic wastes

Source or Use
• reactor operation
• reactor operation
• used nuclear fuel wastes
• uranium mines
• hospitals, universities
• abandoned facilities

2.1 Low- and Intermediate Level Wastes (L&ILW)
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Although there are different definitions of L&ILW, these wastes can best be described
as voluminous compared to high level wastes but with low to intermediate levels of
radioactivity. They are usually considered to consist of wastes produced during the operation
of nuclear power plants and include such materials as filters and spent ion exchange resins
used in removing activation products and irradiated fuel fragments from primary coolant
circuits and operational wastes including contaminated clothing, rags, polyethylene and
gloves. These wastes are very heterogeneous and their radioisotope inventories are often
difficult to quantify. Because these wastes invariably include relatively large amounts of
organic material, the organic degradation products and their effect on the speciation of
radioisotopes must be considered.

2.2 High Level Wastes (HLW)

By far the highest concentrations and largest amounts of radioisotopes are associated
with HLW. These wastes comprise both used nuclear fuel and reprocessed used nuclear fuel.
The former consists almost exclusively of a UO2 matrix containing fission and activation
products. The accessibility of the fission and activation products to groundwater depends very
much on their location in the UO2 matrix and on their physical and chemical properties.
Reprocessing of used nuclear fuel produces liquid wastes that are immobilized into leach-
resistant solid matrices. These waste forms are discussed inn more detail below.

2.3 Mine Tailings

Mine tailings include U- and Th-daughters, primarily 226Ra, but also chemically toxic
elements. Mine tailings are voluminous and are therefore usually disposed off at or near the
mine site in shallow disposal sites and surrounded by an impervious barrier such as clay. In
some cases, the mine tailings are disposed of in lakes and covered by a clay layer.

2.4 Institutional Wastes

Institutional wastes are wastes produced in medical research, diagnostics and treatment
and by research institutes. These are normally collected at hospitals and universities and
shipped to an authorized storage site for eventual co-disposal with L&ILW.

2.5 Historic Wastes

Historic wastes are radionuclide-containing wastes that have been accumulated by
organizations that have since ceased operation or gone into bankruptcy. These wastes include
low level wastes associated with the early production and use of 226Ra and radionuclide-
containing wastes generated as byproducts in the production of specialty metals from U- and
Th-containing ores. Typically, these wastes were accumulated before the present strict
environmental controls were instituted. In Canada, the Federal Government has taken on the
responsibility of looking after these historic wastes through the Low Level Radioactive Waste
Management Office.
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3. High Level Waste Disposal

Over the years, a number of disposal options have been suggested and considered. Of
these, jettison of the wastes into the sun, is probably the most esoteric concept. Although this
method would permanently remove the wastes from the earth's environment, the probability
of a failed launch and the concomitant risk are considered to be too high to be acceptable.
Deep sea disposal in the Atlantic Ocean in an area with a high sedimentation rate may be
technically feasible but is generally thought to be ethically not acceptable and contravenes
existing legislation.

Over the last twenty years, most attention has been focused on deep geological
disposal of high level wastes in a stable host rock formation. The choice of host rock is to
some extent determined by its availability: thus, while granite remains the host rock of choice
in most countries, including Canada, Finland, Japan, Korea, Spain and Sweden, salt is being
considered by Germany and the United States, clay by Belgium, siltstone by Hungary, and
disposal in an unsaturated zone in volcanic tuff by the United States. The main requirements
for a geological formation to act as a host rock are structural stability and little or no
movement of groundwater to limit the environmental impact of the radioisotopes or
chemically toxic species associated with the used nuclear fuel wastes.

Disposal at depths of 500 to 1000 m is usually advocated to take advantage of long
flow paths, not only to minimize the environmental impact of a waste disposal vault, but also
to minimize the potential of future human intrusion. A variety of engineered barriers are
incorporated into the disposal design to reduce or delay the release of radionuclides and
chemically toxic materials to the environment and hence to increase the safety of the disposal
option over that afforded by the geological host rock formation alone. These barriers include
the waste form itself, a corrosion-resistant waste package and, in most cases, one or more
zones of swelling clays to limit the ingress of groundwater.

4. Engineered Barriers

4.1 Waste Forms

The form in which the used fuel wastes are disposed of will depend, to a large extent,
on the treatment of the used fuel after it has been discharged from a nuclear power reactor. If
no reprocessing is involved, the waste form will, in most cases, consist of the irradiated UO2
matrix. The dissolution of this fuel is a function of the in situ geochemical conditions and is
accentuated by alpha-induced radiolysis. The release of the fission and activation products
from this type of matrix depends on their chemical properties and can be grouped into four
categories. During the time the fuel is producing power in a nuclear reactor, fission gases and
volatile fission products, including 14C, 36C1, 90Sr, 99Tc, 129I, and 137Cs migrate down the
temperature gradient towards the surface of the fuel pellets and are released instantly when the
fuel sheath is breached by corroding groundwater (Tait et al. 1997). This fraction of the
fission product inventory is called the "instant release fraction." These same radioisotopes
also migrate to grain boundaries and are released when grain boundaries are attacked. The
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rare earth elements and actinides can be accommodated within the UO2 matrix to form solid
solutions; these fission and activation products are released congruently with the dissolution
of the UO2 matrix. Finally, fission products such as 95Zr, 95Nb and 107Pd, that tend to exist in
an elemental form in the fuel, form metallic inclusions and are not likely to be dissolved under
the geochemical conditions expected in a used fuel disposal vault. Carbon-14 is mainly
produced in nuclear reactor fuel by neutron activation of nitrogen impurities in the fuel and
can be present as graphite, carbide or a carbon-oxygen species. The rate of dissolution of 14C
and its speciation in solution depends on the chemical form in which it is present in the fuel
matrix.

If the used fuel is reprocessed, the waste form can be formulated to provide as high a
resistance to leaching by groundwater as economically warranted and technically feasible.
The most common method to immobilize the fuel reprocessing wastes is to incorporate them
into a glass matrix. Since vitrified wastes are not thermodynamically stable under the
geochemical conditions in a disposal vault, advanced waste forms are being investigated.
These advanced waste forms include Synroc ®, a mixture of the thermodynamically stable
synthetic minerals hollandite, peroskite, zirconolite and rutile which are formulated to serve as
a suitable host medium for fission products and actinides (Ringwood 1982, Levins et al.
1986). Glass ceramics have been developed in Canada. This waste form consists of
thermodynamically stable sphene crystals that serve as hosts for actinides and that are
embedded in a glass matrix that incorporates fission products with relatively short half lives
(Hayward and Cecchetto 1982). More recently, yttrium-stabilized zirconia (YSZ) and
zirconium-based composites have been investigated as potential waste forms (Heimann and
Vandergraaf 1988, Burakov and Anderson 1999)

4.2 Waste Package

Design criteria for waste packages include corrosion resistance, ease of fabrication and
resistance to crushing by the hydrostatic and lithostatic pressures that exist at the disposal
depth. Titanium, copper and carbon steel are the most commonly recommended waste
package materials. Addition of particulate material such as glass beads to the container to fill
the voids between the fuel bundles and the walls of the container allows thin-walled
containers to be used (Johnson et al. 1987). Pitting and stress corrosion under the in situ
geochemical conditions need to be understood to predict the longevity of these containers.

4.3 Buffer Materials

With the possible exception of the disposal concept in the unsaturated zone in volcanic
tuff, all disposal concepts rely on some form of buffer material between the waste container
and the host rock. This buffer material is almost invariably a swelling clay that will expand
when contacted by groundwater entering the disposal vault and increase the time for the
groundwater to reach the waste container (Johnson et al. 1987). The buffer material also
provides a large number of sorption sites for dissolved radionuclides and chemically toxic
elements to retard their transport from the vault towards the biosphere.
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5. Contaminant Transport

Regardless of the hydrological characteristics of the buffer material, the corrosion
resistance of the waste container or the leaching resistance of the waste form, dissolution of
the waste and transport of released radionuclides and chemically toxic elements from the
waste and their transport through the geosphere by diffusion or advection must be considered.
Most of these radionuclides and chemically toxic elements interact to various degrees with the
geological material along the flow paths from the vault to the biosphere. These interactions
remove the contaminants from solution by sorption onto the surfaces of the minerals lining
hydraulically conducting fractures and lining the interconnected pore space in sparsely
fractured rock. The sorption process removes the contaminants from the transport solution
and has the overall effect of retarding their velocity relative to that of the groundwater. This
retardation increases the transit time of these contaminants through the host rock. These
increased transit times, coupled with the decay of the radionuclides, reduce their
environmental impact on the biosphere.

5.1 Sorption Processes

Sorption processes are dependent on the nature of the chemical species in solution, the
chemical composition of the groundwater and the mineralogical and chemical composition of
the sorbing material. Sorption can take place by an ion exchange process, whereby a
dissolved ion replaces a loosely held ion on a solid surface or by the formation of a chemical
complex with a metal oxide surface whereby the surface acts as an insoluble ligand. In
principle, both processes are reversible; experimental evidence suggests, however, that
sorption processes are generally not reversible but that sorption can be followed by a
rearrangement of the atoms on the surface leading to the formation of a low-temperature
mineral. The development of advanced techniques including EXAFS (extended X-ray
absorption fine spectra) and AFM (atomic force microscopy) have led to our understanding of
sorption processes (Reich et al. 1996, Scheidegger et al. 1996).

5.2 Diffusion Processes

Transport from the vault through the buffer and through the interconnected pore space
sparsely fractured rock by diffusion must also be considered as potential pathways for
contaminant transport from a disposal vault to the biosphere. Any interaction between the
dissolved contaminants and the mineral surfaces that line the interconnected pore space will
retard the transport of these contaminants. Diffusion can also occur from hydraulically
conductive fractures into the interconnected pore space of the rock mass adjacent to the flow
paths. This process has the overall effect of increasing the sorptive capacity of the rock
adjacent to the fractures and leads to increased retardation. Diffusion is a time dependent
process and the extent by which diffusion will take place is a function of the residence time of
the contaminant in the fractures.

5.3 Geochemical Considerations
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Excavation into a previously undisturbed geological formation and emplacement of
thermally warm used nuclear fuel wastes, containers and buffer material in the excavated
disposal vault leads to a disruption of the geochemical equilibria of the host rock. Excavation
will alter the hydraulic conditions in the vicinity of the disposal vault and a drawdown of the
water table will bring in groundwater from different areas of the host rock. Because rock-
water interactions tend to be kinetically slow processes, geochemical equilibria will only be
reestablished slowly, during which time changes will take place in the chemical composition
of the groundwater as well as in the mineralogical and chemical properties of the minerals
along the flow paths. Oxygen-rich meteoric water from rainfall and snowfall may be drawn
into the disposal vault area and lead to changes in the local redox conditions. These changes
may in turn result in partial oxidation of multivalent elements such as uranium into species
with higher solubilities. Although these processes may well be of short duration in
comparison with the time scales that are being considered in assessing the environmental
impact of a used fuel disposal vault, the impact of these changes on contaminant transport
must be addressed.

6. Environmental and Safety Assessment

To demonstrate the safety of a used nuclear fuel waste disposal option, assessments
must be made of the eventual impact of the disposal on the environment. Depending on the
jurisdiction where the disposal option is to be exercised, these calculations may have to be
performed for times up to 105 or 106 years. The mathematical models used in these
assessments range from empirical relationships to models based on more basic scientific and
thermodynamic principles. For example, solubility calculations can often be performed using
chemical thermodynamic data and generally accepted speciation calculations and
extrapolation of the corrosion of waste containers can be performed with confidence using
widely accepted corrosion models. However, a clear understanding of sorption processes is
not yet available and empirical models must be used. Because of the large number of factors
that have to be considered, these models must therefore be simple and, if anything, be
conservative.

7. Confidence Building

Even though there is a general consensus within the nuclear industry that geological
disposal of high level wastes - and, by inference - of low and intermediate level wastes - is a
viable option, regulatory agencies and the general public both need to be convinced of this,
especially because of the long times over which models need to be extrapolated. In addition
to an increased understanding of the fundamentals of the processes that are relevant to the safe
geological disposal of nuclear fuel wastes, confidence can be gained through investigations
into natural and anthropogenic analogs and by performing long-term experiments.

7.1 Natural Analog Studies

There are a number of geological entities that can be used to confirm or increase our
understanding of long term geochemical processes. Investigations into the formation of
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uranium deposits and the movement of fission products produced by the spontaneous fission
of 5U in particular have produced supporting evidence that confirms our understanding of
some of the geochemical processes that govern contaminant transport. Investigations in the
high grade Cigar Lake deposit in Northern Saskatchewan have shown that clays can be
effective hydraulic barriers for millions of year, and that migration of uranium is determined
by the in situ redox conditions (Cramer and Smellie 1994). The importance of redox
conditions has also been shown in studies of the Koongarra uranium deposit in Australia. The
limited extent of fission product migration over geological times has been confirmed by
investigations into the natural reactors in Oklo, Gabon, Africa (Hemond et al. 1992).
Uranium-series disequilibria studies have shown that only very little movement of uranium
and its daughters occurred in the Tono mine in Japan over the past 106 years (Nohara et al.
1992). The recent discovery of non-petrified tree trunks near Dunnarobba in Italy has
provided additional supporting evidence that clays can form an excellent barrier to the
migration of oxygen and moisture. Information obtained from hot springs can be used to
confirm or increase our understanding of rock-water interactions at elevated temperatures over
long time periods; studies of highly alkaline waters can further our understanding of the effect
of high pH on rock-water interaction (Linklater et al. 1994). The latter is of interest in cases
where large amounts of concretes are introduced in a disposal vault

7.2 Anthropogenic Analog Studies

In addition to natural analogs, anthropogenic or man-made analogs can be used to
increase our understanding of geochemical processes. Analysis of iron nails, discarded by the
Romans in the United Kingdom in the first century and of a bronze canon accidentally sunk in
a Swedish harbour have been used to show that corrosion models can be extrapolated over
hundreds or thousands of years (Hallberg et al. 1988). Analysis of a kaolinite layer in a
Chinese burial site has provided additional supporting evidence that clays can indeed be used
effectively as sealants (Lee et al.1986).

Tailings from uranium and other mines can provide further information on a variety of
geochemical processes including the long term behaviour of multivalent contaminants under
evolving redox conditions, advective and non-advective migration behaviour of contaminants
in geological formation underlying or adjacent to the tailings and migration behaviour in
surface waters.

7.3 Long-term Experiments

It will not be possible to find natural or anthropogenic analogs for all processes that
are relevant to the geological disposal of high level nuclear wastes. Long term experiments,
preferably performed under in situ conditions, are very valuable in that they often can reveal
processes or interactions between processes that have been overlooked in more detailed
laboratory studies. Increased confidence in the understanding of relevant processes can be
gained by carefully planned long-term experiments. For example, used fuel dissolution
studies, initiated at the Whiteshell Laboratories in the 1970s have shown that, although the
release of some fission products (90Sr,137Cs) is initially high, it decreases with time and
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approaches that of the actinides and that the release of these isotopes can be modeled by a
combination of an instant release and a congruent dissolution model (Stroes-Gascoyne et al.
1997). Glass blocks containing 90Sr and 137Cs, intentionally buried in a sandy aquifer at the
Chalk River site in the 1960s, have provided information on the leaching of vitrified wastes
and the transport of the released radionuclides through the aquifer over more than 20 years
(Melnyketal. 1984).

Experiments to study the migration of contaminants, including colloids, in fractures
have been limited to durations in the order of months and over distances of a few metres
(Vandergraaf et al. 1996, Vilks and Bachinski 1996). To perform these experiments within a
limited time frame, compromises have to be made in terms of the flow velocity of the
transport solution or the length of the flow path. Both lead to a lower residence time that can
be expected to occur under the hydraulic conditions that are expected to exist in and around a
used fuel disposal vault. Although many important observations and much useful information
have been obtained from these relatively short term experiments, they have not lent
themselves very well to study the effect of diffusion on contaminant transport. Long term and
demonstration migration experiments over longer distances, at lower linear flow velocities
and with longer residence time are needed to increase our understanding of the transport
behaviour of radionuclides and chemically toxic elements in moderately fractured rock and in
porous media under realistic conditions. Because of the investment in time and materials
required, international cooperation will be needed for these long term experiments.

From an assessment of the current situation, it seems highly unlikely that actual
geological disposal of high level nuclear fuel wastes will occur within the next 20 years.
Advantage of this delay should be taken to design, perform, and analyze the results of long-
term demonstration experiments to provide additional information for input into future
environmental and safety assessments that will undoubtedly be required prior to disposal.

8. Supporting Studies

The applicability of equivalent porous media transport models to flow in fractured
rock needs to be investigated further. If these models cannot be used, discrete fracture flow
models will have to be developed. The selection of alternative models may have an impact on
the requirements for the hydraulic characterization of a potential host geology.

A better understanding of the interaction between dissolved species and geological
surfaces is needed to model the transport behaviour of contaminants in the vault and
geosphere. Most transport models still consider that sorption processes are reversible and use
simple sorption coefficients as a parameter to indicate the degree of sorption. Incorporating
kinetics or partially reversible sorption processes into transport models may be more
representative of the processes that govern the removal of contaminants from solution and a
corresponding increased accuracy of the prediction of contaminant transport over long time
periods.
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It will not be necessary to consider all radionuclides or chemically toxic elements in
high level nuclear fuel wastes. Some radionuclides, in particular some of the actinides and
rare earth elements, are sufficiently insoluble or exhibit sufficiently high affinity for mineral
surfaces that the probability of their escape from the disposal vault is extremely low. It may
be more cost effective to concentrate experimental effort on specific radionuclides that are
known to have a more complex chemistry under disposal conditions than can be presented by
a simple empirical reversible distribution ratio. For example, the chemical form in which 14C
exists in used fuel is not known, nor is it known in which chemical form this radionuclide will
be present in the vault or in the geosphere. Carbon-14 can be present in groundwater as CO3 "
but may be tied up as a carbonate complex. Yet in virtually all environmental and safety
assessments, the transport of 14C through the vault and the geosphere is calculated on the basis
that sorption of 14C is reversible. As a minimum, interactions of l4C as CO32 with calcite and
dolomite followed by the incorporation of the 14C into the calcite or dolomite structure should
be considered.

9. Perspectives on Waste Disposal

In view of the public opposition to the geological disposal of nuclear fuel wastes, it is
important to recognize that environmental and safety assessments of a particular disposal
should not be performed in isolation but must be compared to a "status quo" where to action
is contemplated but the wastes remain at their present location. To assume that there is no
risk associated with the status quo is to assume that the present societal controls and structure
will remain in place, that the current communal values will not change and that national
boundaries and jurisdictions are immutable for as long as the status quo is maintained.
History tells us otherwise and, consequently, changes in these factors must be considered in
the assessment of the environmental and safety of maintaining the status quo. If the risk to the
public of maintaining the status quo is not addressed, the message that the nuclear power
industry presents to the general public, the media, the regulators and government agencies,
will be interpreted to mean that the small but finite risk associated with disposal is an
additional risk over maintaining the status quo and is therefore unlikely to be received
positively.
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