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Résumé

Le rôle que les processus catalysés de façon microbienne
peuvent jouer pour déterminer ou pour modifier la migration des radio-
nucleides, est une question non résolue qui se pose dans le programme de
gestion des déchets de combustible nucléaire. Ce rapport passe en revue
les informations disponibles touchant l'existence des micro-organismes,
leur capacité biochimique et le potentiel de leur intervention dans les
processus affectant la migration des radionucleides présentent un
intérêt. Ledit potentiel a été jugé suffisant pour que l'on effectue des
expériences relatives au rôle joué par les micro-organismes. On présente,
dans les grandes lignes, un programme expérimental qui devrait permettre
d'évaluer ce rôle.
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ABSTRACT

The role that microbially catalyzed processes may play in determining, or
altering, radionuclide migration is an unresolved question in the Nuclear Fuel
Waste Management Program. This report documents the results of a review of the
available information on the existence and biochemical capabilities of
micro-organisms and the potential for their involvement in processes affecting
the migration of radionuclides of interest. The potential was judged sufficient
to warrant conducting experiments to assess their role. The outline of an
experimental program to address the role of micro-organisms is presented.
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INTRODUCTION

Prediction of the long-term consequences of disposing of high level
radioactive wastes into deep geological formations relies, in part, upon the
construction of elaborate computer codes, such as SYVAC (Lyon, 1980), to model
the release and transport of the radionuclide. The modelling is valid only if
all processes that appreciably affect radionuclide migration are included.
Microbially catalyzed processes can significantly alter groundwater chemistry
and either directly or indirectly alter the chemical form and environmental
mobility of many elements. The specific question of interest to the Nuclear
Fuel Waste Management Program (NFWMP) that will be addressed in this document
is:

Can micro-organisms significantly alter the migration
of radionuclides of importance to the NFWMP?

If the answer to this question is yes or.don't know, then a second question
to be answered is :

What experiments can be proposed that will provide
answers useful to the concept assessment phase of the
NFWMP?

This document is not intend: to be a comprehensive literature review but
is, rather, a discussion of the biological, physical and chemical factors that
have to be considered in answering the first question. As a result of an
affirmative answer to the first question, I consider, in a subsequent
discussion, the possible experiments that could be carried out to determine the
magnitude of the effect.

System Description and Assumptions

For the purposes of this report three environmental compartments are
considered: the vault, the rock mass, and the biosphere. The potential for a
significant role for micro-organisms in radionuclide mobilization in the various
environmental compartments will be realized only if the chemical and physical
properties of the individual compartments are conducive to the survival and
metabolism of micro-organisms. In addition it is explicitly assumed that there
is bulk fluid flow from one compartment to the next and that transport is not
solely diffusion controlled. Major physical and chemical properties of the
various compartments are discussed below in order to make explicit the
assumptions that will be used in subsequent sections dealing with possible
experimentation.

Vault

The materials expected to be used in the vault sealing program are clays
and crushed granite (Bird & Cameron, 1982). The clay-based buffer material
(most likely a 50:50 bentonite clay-quartz sand mixture) will be compacted into
a 0.3 to 0.4 m layer immediately adjacent to the disposed wastes. Because of
the compaction and swelling properties of the buffer materials it is assumed
that the buffer will be self sealing (some fracturing may occur but it is
assumed that the fractures will seal rapidly) such that water movement in the
buffer will be diffusive.'
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Since the backfill materials in the rooms and drifts will likely be
composed of 85 to 90% crushed granite (or gabbro), graded from gravel to sand,
plus 15% of local clays, it is assumed that water movement in the backfill will
not be just diffusive. A permeability higher than that of the buffer is likely,
due to the lower clay content and physical restrictions that result in an
inability to highly compact the backfill material. Consequently, water movement
by convection may occur.

Either used fuel or fuel recycle waste will be placed in the disposal
vault. In both cases the maximum backfill temperature Is expected to be
approximately 100°C. In the case of used fuel disposal, temperatures will be
75-10CC for a period in excess of 10,000 years (Acres Consulting, 1980). With
fuel recycle waste disposal, the thermal period will be over within a thousand
years. From operation to closing, the pressures are expected to vary from
atmospheric to 10-12 MPa.

To define the "typical chemistry" of ground water in crystalline rock is
difficult, if not impossible (Johnston, 1982). However, the occurrence of
saline water and brine in the Precambrian Shield is very widespread and can be
expected at depths below 1 km (Fritz and Frape, 1982). Shallower occurrences
have also been reported. For example, Bottomley and Graham (1980) have observed
saline waters at a depth of 0.5 km at a test site near Pinawa, Manitoba, and at
Atikokan, Dickin et al. (1984) reported highly saline groundwaters with an
electrical conductance (G)>40 000 S below 850 m. A transition zone between 300
and 850 m (G of 900 to 9000 S) from dilute (G<400 S) to saline waters was also
noted. Therefore it is likely that any water entering the vault will be saline
with a high concentration of total dissolved solids, possibly exceeding
200 g.L~ (Fritz and Frape, 1982). These waters may or may not be in a reduced
state. Therefore, sufficient quantities of redox additives (Fe2* solids) will
be added to the buffer materials so that groundwater entering the vault becomes
reduced through interaction with the buffer backfill material. These reducing
conditions will be established rapidly and will be maintained in the vault due
to the large mass of backfill. Reducing condition will also extend outside the
vault; however, the extent of the effect will be dependent upon site specific
factors such as the water flow characteristics and chemistry of rock fractures.
Vault construction and operation may lead to the opening of new flow paths such
that non-saline water from overlying strata will dilute the saline waters at
depth over some unspecified period. The net geochemical effect of such an
occurrence is difficult to predict. However, there may be a decrease in the
concentration of the major ions contributing to the salinity (Cl *~, C a ^ , Na ̂ ")
and a decrease in the time over which the buffer-backfill materials will
determine the redox chemistry.

Rock Mass

Outside the vault the physical and chemical conditions could change
dramatically. The temperatures will decrease away from the vault; a range of
100 to 10°C can be expected. The salinity of the water will decrease In some
undefined way depending on the degree of mixing of the saline water with fresher
water in fractures at shallower depths. For similar reasons the redox
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conditions could change dramatically from reducing to mildly oxidizing.
Oxidizing conditions have been observed in shallower zones in the rock mass
(Bottomley et al., 1983). The observed chemistry of waters in granitic rock
masses varies greatly from site to site in virtually all constituents (Johnston,
1982). Therefore in the absence of specifically identified sites one must
assume that we cannot define a specific representative geochemistry.

Biosphere

For consideration of the movement of radionuclides, the biosphere can be
subdivided into three units for discussion; the saturated unconsolidated
sediments overlying the rock mass, discharge areas linking subsurface and
surface waters and unsaturated sediments overlying the saturated sediments»
Although microbiological activity in surface waters can be great it may be
assumed that the sediments linking subsurface and surface waters will be the
major determinant for radionuclide transport into and through the surface
waters. Furthermore, unlike the subsurface, studies on elemental cycling in
surface waters can and are being undertaken (Cornett, 1983) and these studies
should adequately incorporate microbiological influences on contaminant
mobility.

The saturated unit is generally characterized by low temperatures, less
than 15°C (the exception would be bogs or areas with very shallow water tables),
and very variable chemical conditions. In spite of this variability three
geochemical regimes can realistically be considered in terms of likely effects
on contaminant mobility; these regimes are characterized by the redox conditions
of the water and have been characterized as "reducing" (sulfide zone),
"transition" (iron-manganese zone) and "oxidizing" (oxygen-nitrate
zone)(Champ et al., 1979).

The geochemical conditions that may exist in discharge areas warrant
special consideration because of the potential for accumulating large
inventories of contaminants and the potential for subsequent release, over a
short time, of this inventory. Areas that discharge water from deep saturated
zones are likely to be characterized by a redox barrier where deep reducing
waters meet the oxidizing surface environment. At redox barriers elements can
accumulate; for example, the occurrence of uranium roll fronts in deeper
geologic formations (Deutsch and Seme, 1983). Sharp transitions in redox
conditions are known to occur in discharge areas and the accumulation of
elements such as iron has been observed (Frape and Paterson, 1981). Specific
data on elements that may be of more direct relevance to the NFWMP are virtually
non existent; although the known occurrence of uranium-bearing peats (Coker and
DiLabio, 1979) does suggest a possible near-surface occurrence of elemental
accumulation at a redox barrier (the roll front phenomenon). The contaminants
accumulated in such a discharge area could be remobilized in the future due to
changing geochemical conditions induced by various factors such as changes in
flow, climate, drainage, etc.
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The unsaturated zone has certain distinctive characteristics relative to
the saturated zone. Temperatures can vary significantly from the water table to
the surface, from approximately 2 to 40°C. The unsaturated zone is subject to
hydration-dehydration cycles. Water tabla fluctuations can cause intermittent
saturation of some or all of the strata in the zone. However, the key
consideratic.i for the NFWMP is the potential transfer of contaminants from the
saturated zone to vegetation through roocs. Since the disposal vault will be
located somewhere in the Frecambrian Shield, the trees and natural vegetation on
the shield will be the vegetation most probably involved in this pathway.
Agricultural crops are unlikely to be a significant transfer route since most
agricultural areas are well removed from the shield. In addition, in humid
agricultural areas, the water and elemental fluxes are likely to be downward
away from the rooting zone. Crops grown in areas with a shallow fluctuating
water table, such as wild rice, reed canary grass and trefoil, are possible
exceptions.

In summary, the major considerations for the three compartments are:

a) In the vault the geochemical conditions of any
water will likely be dominated by two factors; the
salinity of in-situ waters and the chemical
characteristics of the buffer-backfill materials
which will lead to a reducing environment.

b) For the rock mass "typical" geochamical conditions
cannot be defined. However, it may be possible to
define reasonable geochemical extremes.

c) In the biosphere the saturated overburden can be
characterized qualitatively on the basis of three
redox zones. Discharge zones warrant special
consideration because of the potential for
accumulation of contaminants at redox barriers, and
in the unsaturated zone root transfer to native
vegetation is the most probable pathway of concern.

Micro-organisms - Presence and Function

For the compartments as described above, there are two questions to be
answered:

a) Is there any reason to expect that micro-organisms
will be present in the subsurface?

b) If micro-organisms are present will they alter
either directly or indirectly the mobility of
radionuclides?
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There have been several literature reviews conducted which have attempted
to answer these questions (Mayfield and Barker, 1982; Loewen and Flett, 1984;
West et al., 1982). All efforts have resulted in very speculative conclusions
because of the lack of experimental data. Because of the lack of data for
environmental settings of Interest the reviews have detailed; the range of
physical and chemical conditions conducive to mlcrobial activity, and the types
of reactions or processes catalyzed by microbes that may alter the mobility of
various elements. Unfortunately, information on specific organisms or the
specific chemical reactions that microbes can catalyze will not resolve in any
reasonable time the questions facing the NFWMP because of the generic nature of
the program. There are too many undefined variables that may affect any site
that may be chosen in the future. These Include not only Information on the
indigenous microbial population but also on the in-situ geochemical conditions
and their evolution, and the biological, chemical and physical perturbations
introduced during operation of any facility*

In answer to the two questions posed above I have concluded that:

a) Micro-organisms will be present from the vault to the biosphere
throughout the period of Interest.

Micro-organisms are known which can function under virtually all conditions
that may exist in the vault, rock mass, or biosphere; for example, high
temperature (Brock et al., 1971, 1976; Stetter, 1982), low température (Stokes
and Redmond, 1966; Morita, 1975), pH extremes (Schultz and Hirsch, 1973; Souza
et al., 1974), high pressure (Marquis, 1976; Baross and Deming, 1983), anaerobic
and aerobic conditions (Stetter, 1982; Torien and Hattlngh, 1969; Baas Becking
et al., 1960), high salinity (Prentis, 1981; Zajic, 1969). Micro-organisms have
very broad metabolic capabilities which require diverse nutritional inputs
(Loewen and Flett, 1984; McNabb and Dunlap, 1975), the nutritional requirements
of at least some species are likely to be met in all environments of interest.

High radiation fields are a distinctive feature of the vault environment
relative to the natural environment. The combination of high radiation fluxes
ô.nd high temperatures close to disposed wastes may kill all nearby microbes.
Kowever, even if sterility is achieved, at least initially, In close to the fuel
wastes, at some distance from the vault sufficient attenuation of the radiation
field would occur to allow the growth of micro-organisms. Since radiation
resistant micro-organisms are known (Moseley and Laser, 1965) bacterial activity
can be expected where the radiation fields are considerably greater than natural
background.

Mutation and adaptation to changing environmental conditions can occur
rapidly in micro-organisms due to their short generation time. For example
radiation resistant strains of E. coli have been produced by selection,
following successive exposures to increasing radiation doses, which are 10 times
more resistant than the original parent strain (Wright and Hill, 1968).
However, it is impossible to draw conclusions about the possibility for
evolutionary adaptations to the radiation environment in the vault, without
knowing the specific organisms that will be present or introduced.
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Therefore, in the vault, since there will be an unknown indigenous
population and an unknown but certain introduction of micro-orgaiiisms during the
operational phase of the vault itself, I must conclude that some micro-organisms
will initially be present. In addition, although the vault is a seemingly
hostile environment the occurrence of radiation resistant micro-organisms
supports the continued existence of some micro-organisms in and around the
vault; these organisms could repopulate, with time, any zones which may have
been sterilized by the radiation and temperature conditions near the wastes.

There is very little data to confirm or deny the existence of
micro-organisms in water in rock fractures. Bacteria have been observed in
water recovered from shallow rock fractures, 20 to 60 m, at CRNL (Champ and
Kmet, 1983). On the basis of the information on microbial existence presented
previously, physical and chemical conditions present in fractures should support
some indigenous microbes. Also by virtue of the previous assumption that
micro-organisms will be present in the vault then we must assume that they will
be present also in fractures connecting the vault to the surface because of
transport in any flowing fluids and the potential for adaptation noted
previously.

In the biosphere there is ample evidence of abundant micro-organisms in
both saturated and unsaturated zones.

b) There are numerous direct or indirect effects of microbial

metabolism that could affect radicnuclide migration. Therefore,
I conclude that not only will micro-organisms be present but also
that they are capable of altering the mobility of radionuclides.

The processes by which micro-organisms can alter radionuclide mobility have
been the subject of several literature reviews (Mayfield and Barker, 1982; West
et al., 1982; Loewen and Flett, 1984). These processes are as follows:

- Alteration of the redox condition of the system (Pomerants &
Belenitskaya, 1970; Jahnke et al., 1982; Champ et al., 1979) which can affect
the chemical speciation and mobility of multivalent elements such as the
actinides.

- Chelation of elements by organic by-products of microbial metabolism
(Schnitzer and Kerndorf, 1981; Colombo et al., 1982; Nishita and Haug, 1979).
Man-made and natural organic chelating agents have been implicated in enhanced
mobility of certain radionuclides (Means et al., 1978; Killey et al., 1984;
Cleveland and Rees, 1981).

- Metabolism of metals which can lead directly to complex formation (e.g.
biomethylation), volatilization and valence state changes (Jernelov and Martin,
1975).
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- Physical transport of a contaminant due to incorporation or surface
sorption to a mobile micro-organism (Strandberg et al., 1981; West et al.,
1982). This process could lead also to retardation of a contaminant if the
micro-organisms are bound to surfaces or if following cell death the metals
remain bound to cellular debris that is sorbed to surfaces or physically trapped
in the system»

- Physical removal of fines from backfill materials in a waste repository
due to surface sorption to mobile micro-organisms (Marshall, 1980). Such a
process could alter fluid flow in the backfill and consequently contaminant
movement.

- Alteration of the sorption properties of the buffer-backfill or rock
matrix by microbial adhesion and coverage of sorption sites (Daniels, 1980).
This could either decrease contaminant sorption due to masking the original
sorption sites or increase the sorption because of the provision of ne:? sites on
the bacterial surfaces,

- Prolific growth, resulting in plugging of porous media with a reduction
in the potential for fluid flow.

- Production of surfactants (Davis and Updergraaf, 1954) leading to
increased wetting of surfaces and enhanced sorption and retardation.

- Degradation of materials used in the vault leading to increased release
rates of radionuclides. Micro-organisms are known which can grow on and
degrade concrete (Zajic, 1969), bitumen (Davis and Updergraaf, 1954; Zajic,
1969), glass (Dade, 1958, Zvyagintsev, 1977), and metals such as iron (Zajic,
1969, Konetska, 1977). Information on other metals is lacking.

In summary micro-organisms are likely to be present in a repository given
the expected range of physical and chemical condition. Since both indigenous
and introduced micro-organisms are likely to be present in the vault I conclude
that a wide range of micro-organisms may be encountered in any given subsurface
environment. Functionally micro-organisms can mediate many processes that may
alter radionuclide transport. In the absence of data for specific sites it is
impossible to specify which processes will occur; however, it Is probable that
some of these processes will occur in all subsurface environments of interest.

Radionuclides Important to Assessment Activities

Fifty-seven radionuclides have been identified that are likely to be
present in a nuclear fuel waste disposal vault and that are potentially
hazardous to man during the post closure phase (Mehta, 1982). However, if one
takes into account the likely transit times for any radionuclides released from
the wastes then only radionuclides with long half-lives and significant Initial
inventories are likely to warrant study in all environmental compartments, I.e.
the vault, rock mass and biosphere. These radionuclides have been identified
(Mehta, 1982; Allard, 1982) as the actinides (thorium, protactinium, uranium,
neptunium, plutonium, americium and curium) as well as isotopes of radium. In
an earlier report (Johnston and Gillham, 1980) the same radionuclides plus



iodine and technetium were considered potentially important. Iodine and
technetium were included on the basis of their long half-lives and the apparent
lack of retardation in groundwater flow systems. On the basis of food chain
modelling Mayoh and Zach (1983) identified certain isotopes of several of the
above long-lived isotopes as important, specifically isotopes of thorium,
neptunium, protactinium and radium.

Microbial Influences on the Mobility of Important Nuclides

Little data can be found that directly demonstrate a role for
micro-organisms in the mobility of the priority elements. General observations
are noted below that are relevant to possible microbial influences on their
mobility,

Direct evidence for effects on long-lived radionuclides of interest is very
limited. Laboratory expérimentation at CRNL has shown microbiological mediation
of Pu and Am transport (Champ et al., 1982). Data obtained at Maxey Flats
(Cleveland and Rees, 1981) have been interpreted similarly to explain
radionuclide transport in trench leachates.

Of the actinides only thorium and uranium are naturally occurring, this of
course excludes an occurrence such as the Oklo natural fission reactor (IAEA,
1975), and only uranium is well documented with respect to possible biological
influences on its behaviour in a geologic setting. The accumulation of uranium
in Carboniferous and Cretaceous deposits has been attributed to biogenic
reactions (Miholic, 1952). Both autotrophic and heterotrophic micro-organisms
produce oxidizing and reducing agents that affect dissolution or deposition of
uranium (Zajic, 1969). Bacterial leaching has been used in the recovery of
uranium (MacGregor, 1966). The leaching is mainly attributable to microbially
catalyzed acid generation and oxidation of iron in pyrite to ferric sulfate.

Complexation reactions with natural organics have been identified as a
potentially important mobilization mechanism for thorium (Langmuir and Herman,
1980; Miekeley et al., 1982). Organics may similarly increase the solubility
and mobility of other actinides, for example plutonium (Wildung et al., 1979a).

Sheppard (1980) reviewed the environmental behaviour of radium, an alkaline
earth with chemical properties similar to barium. Many radium salts are soluble
in water (Vinogradov, 1959) and significant surface adsorption of radium as
exchangeable ions has been observed (Megumi, 1979). Surface adsorption may be
therefore an important mechanism in radium retardation. Alteration of the
exchange sites by microbially induced changes in the overall geochemistry of the
groundwater or by the adsorption of microbes or their metabolic products could
alter r̂ °. adsorption of radium to the geologic media. Salts of radium are
transported in water also by adherence to submicron particles or as
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raâiocolloids (Havlick et al., 1968). Similarly, the transport of plutonium,
americium, cesium and strontium in association with particulates or as colloids
has been observed (Champ & Merritt, 1979; Champ et al., 1982); the process was
mediated by micro-organisms. Radium can form complexes with numerous organic
ligands in soils (Bhujbal et al., 1970) and organic complexation has been
reported to affect the mobility and transfer of radium in plants (Gunn & Mistry,
1970).

Technetium can be cotnplexeci by or adsorbed to organics and the degree of
sorption can be reduced by sterilization (Landa et al., 1977) which will alter
microbiological activity. It has also been shown (Wildung et al., 1979b) that
Tc transport can be significantly retarded under reducing conditions. However,
organic complexes of Tc, formed as a result of microbial action, may not be
retarded.

In surface water and in soil water iodine is converted chemically mainly by
processes that are microbiologically mediated (Behrens, 1982). Enzymatic
processes in seawater have been implicated in the reduction of iodate to iodine
(Tsunogai & Sase, 1969). Organics have been shown to significantly affect the
migration of iodine in column experiments (Albertson & Matthess, 1980).

In summary one can conclude that micro-organisms can significantly alter
the mobility of important nuclides.

EXPERIMENTAL ASSESSMENT OF MICROBIAL MEDIATION OF RADIONUCLIDE TRANSPORT

Experimental Options

On the basis of the available data, experiments should be done to verify
and quantify the conclusion above. Thus I conclude that we must address the
second question posed in the introduction.

There are three routes which could be followed in an attempt to answer the
second question. These are:

i) analyse for specific organisms capable of catalyzing or participating in
the various processes noted previously, i.e. analyze representative
"natural" waters.

ii) test for the occurrence of a specific process that may affect the mobility
of radionuclides of interest.

iii) simulate the anticipated biogeochemical milieu and test its effect on the
mobility of representative elements. If significant effects are observed
then determine the cause.
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The third option is the preferred route. Neither the site of the
repository is known nor what micro-organisms to look for, or use, or what
chemistry to expect and test. Therefore the type or types of micro-organisms
that may be encountered in a future repository site may be from a wide range of
families. Consequently analysis for specific types or species of
micro-organisms (option 1) is not likely to yield useful results.

In addition, there are multiple microbiologically-mediated processes that
may alter radionuclide movement and the occurrence or importance of the various
processes will depend upon the specific geochemical environment. Therefore from
the viewpoint of the NFWMP it is not feasible, in a short time (2-4 years) to
pursue individual processes (option 2) as a first line of attack.

The third option recognizes the biogeochemical reality of a triad of
chemisty-biology-geology where the flux of water determines the maximum rate of
contaminant movement but the chemistry of the system can greatly control the
actual rate of movement. The chemistry of the system isn't determined by either
the biology or the geology alone but by some mixture of the two. Separation of
the importance of biology versus geology may be extremely difficult. Therefore
experiments should be designed to test for the overall influence of the system
on the radionuclide of interest and then try to determine the specific
cause-effect relationship if significant effects are observed. By careful
experimental design such a "black box" approach should yield data that can be
used to determine the influence of the microbiological components.

A key phrase in the third option is "significant effect". What constitutes
a significant effect, i.e. significant relative to what baseline and at what
magnitude? Ultimately the phrase must be referenced to some dose assessment
technique that will consider the release rate relative to the overall inventory,
the likely transport time and the target population or individual. More limited
reference points for proposed experiments could be either measurement of the
relative retardation under varying geochemical conditions., through the Kd
concept, or measurement« of release rates under natural versus "sterile"
conditions; both approaches could and probably should be used. The first should
provide data on the magnitude of the changes in mobility that may occur under
the range of likely biogeochemical environments now and in the future. Through
analysis of appropriate geochemical and biologic parameters the first approach
may define the role of micro-organisms in the overall changes. The second
approach should provide a more direct reference point for the role of
micro-organisms; this approach becomes most relevant if significant differences
in mobility are observed under differing geochemical regimes.

GEOCHEMICAL SIMULATION

We will never be able to predict precisely the geochemical conditions that
will exist along the flowpath from the vault to the surface; even if we can
define the initial conditions at a specific site we will not be able to define
precisely the geochemical conditions at distant points in time. Consequently it
is only realistic to chose a diverse range of geochemical conditions that are
likely to occur (based on our current knowledge of the diversity of geochemical
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environments). The specific considerations for the vault, rock mass and

biosphere are as follows:

Vault - As rioted previously the vault chemistry is likely to be dominated by the
occurrence of saline water and by the dissolution of buffer-backfill
components. Therefore, laboratory column experiments using synthesized saline
waters percolating through backfill are likely to yield the most useful and
Interprétable results. Since the buffer-backfill and/or redox buffer additives
will generate reducing conditions for periods in excess of 10 000 years initial
experiments should concentrate on investigating radionuclide movement only under
these reducing conditions.

Rock Mass - Within the rock mass the geochemical conditions could vary greatly,
as noted previously. Column experiments using waters representing the three
geochemical regimes "reducing", 'transition" and "oxidizing" are a reasonable
means of determining whether major changes in mobility are likely to occur.
There is a major difficulty with the solid phase in these experiments, since we
do not have the capability to prepare a column which will simulate accurately
the flow system or geochemistry of the fracture and fracture coatings. The flow
system constraint Is not a major consideration In the context of this document
since we are concerned with only the effect of differing biogeochemical
conditions on radionuclide movement. With respect to fracture coatings there is
once again the prospect of a large variability in their minéralogie, and
microbiologie, characteristics; all possibilities could not be covered. As a
reasonable start two routes are possible that may lead to useful results, both
follow the thinking that by choosing conditions representative of the likely
geochemical extremes we will obtain data that will demonstrate whether
significant variability in radionuclide mobility is likely. First, if short
fractures can be located in a set of boreholes containing rock water
characteristic of the geochemical extremes then in-situ experiments could be
performed in a packed off borehole-fracture system. To conduct experiments
which will allow adequate mass balances to be done could be a serious limitation
of this approach and for that reason it is not the preferred route. The time to
locate and instrument such fractures imposes another serious limit on this
approach.

The second route would use columns prepared from unconsolidated materials
(granitic sands) taken from geochemical extremes in the overburden. In this
approach I assume that the coatings formed on the sand grains under a given
geochemical environment will represent closely enough the coatings formed on
fractures which have seen a similar geochemical environment. This approach has
several other notable advantages such as the provision of a large surface area
in a relatively small volume, full recoverability of all components to allow
proper mass balances and detailed analysis of sorption reactions if desired, and
easy manipulation of the experimental conditions as required. Extrapolation of
results to contaminant transport in fractures would have to account for the
relative surface areas in the two situations. These experiments could be
conducted in the laboratory but the maintenance of controlled geochemical
conditions, particularly reducing conditions, could be very difficult. Since
representative geochemical conditions can be accessed from the surface in wells
or shallow boreholes I prefer to use field columns (Champ et al., 1984). In
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addition to providing more controlled geochemical conditions field columns can
be used to tap representative natural micro-blologlcal environment as a baseline
for microbial effects on mobility of radionuclides. The Underground Research
Laboratory (URL) may provide a unique opportunity to perform bedrock studies«
However, this option is uncertain at present.

Biosphere - Three separate components of the biosphere were previously
identified for experimental consideration; the saturated zone, discharge areas
and the unsaturated zone. The deep, as opposed to discharge, saturated zone
sediments can be dealt with using field columns in the same manner as discussed
for the rock mass; the question of significant effects In differing
biogeochemical environments can be dealt with for both the rock mass and the
saturated sediments in one set of experiments.

For the discharge zone redox barriers have been highlighted as the critical
factor. The preferred experimental route Is to study naturally occurring sites
where elements of interest have accumulated at redox barlers. Uranium bearing
peats are the only Identifiable possibility at present; however, the occurrence
of a redox barrier in them has yet to be Identified. If a redox barrier can be
confirmed then columns prepared from cores of the material, assuming cores can
be taken and flow can be achieved, may be used to test for the effect of
changing geochemical conditions on the release of uranium, or other Introduced
elements. Redox barriers can be demonstrated, by the accumulation of iron for
example, In the discharge zone sediments of lakes, streams and rivers. These
occurrences are directly relevant to potential releases from a repository on the
shield and therefore should be studied. Since maintenance of the redox barrier
in a laboratory experiment will be extremely difficult It is proposed that
in-situ column experiments be performed. Columns prepared from a discharge zone
can be operated in the discharge zone itself during loading and for the Initial
phase of transport under those geochemical conditions. They then can be
transfered to wells as down-hole field columns to test for the influence of
changing geochemistry on the release of radionuclides accumulated at the redox
barrier.

For the unsaturated zone the current practice using lysimeters containing
representative soils and flora for uptake experiments are likely to yield the
most useful results.

MICRO-BIOLOGICAL SIMULATION

The micro-biological conditions existing at any given time or location will
not be fully defineable; there will be a mix of indigenous and introduced
micro-organisms. Therefore, experiments must be designed to test a range of
likely biogeochemical capabilities. Ideally experiments should be designed to
Incorporate a control, i.e. utilize a range of geochemical environments with
their indigenous microbial populations; the microbiology could then be
manipulated to simulate other micro-biological possibilities. The manipulation
can not realistically be organism by organism but must attempt to Introduce a
wide range of micro-organisms. It is proposed that the manipulation be achieved
by utilizing precolumns which have been prepared from materials containing a
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diversity of micro-organisms. The following materials are suggested:

- mine slime recovered from seeps in deep mines. This material is
particularly relevant to the possibilities in the vault.

- raw sewage or some other suitable source which is likely to incorporate
a wide range of micro-organisms that could arise from human interaction.

- several surface soils representing the extremes of a highly active
organic rich soil and relatively depleted mineral soils.

- sediments from a highly saline environment such as marine cores.

It is improbable that all biochemical capabilities will be covered;
however, it is felt that this approach will provide useful data on whether
significant changes in radionucllde mobility are likely to occur owing to the
introduction of diverse micro-organisms into the repository and the flowpath to
the surface.

Experiments in the vault, rock mass and biosphere should consider similar
variations in the micro-biology.

SUMMARY AND CONCLUSIONS

The two questions posed in the introduction were:

CAN MICRO-ORGANISMS SIGNIFICANTLY ALTER THE MIGRATION OF RADIONUCLIDES
OF IMPORTANCE TO THE NFWMP? and

WHAT EXPERIMENTATION CAN BE PROPOSED THAT WILL PROVIDE ANSWERS USEFUL
TO THE CONCEPT ASSESSMENT PHASE OF THE NFWMP?

The available data are Insufficient to state definitively that
micro-organisms will significantly alter the migration of important
radionuclides from a disposal vault. However, from tha available information on
the existence and biochemical capabilities of micro-organisms I conclude that
there is the potential for a significant effect. On that basis I propose that
experiments should be conducted which will assess the potential with respect to
the actinides, radium, iodine, and technetium.

In recognition of the reality that the geochemistry and biochemistry are
intimately linked, a black box experimental approach Is advocated. As a
consequence of this linkage it Is prudent to look first for significant effects
and then try to identify the specific cause if warranted.

The recommended experimental approach is to use columns (lysimeter for
unsaturated zone studies) either in the field or laboratory; field columns are
preferred where possible for studies relevant to the rock mass or biosphere.
Laboratory columns are suggested for experiments concerning the vault.
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