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THE ROLE OF NUCLEAR TECHNIQUES IN THE LONG-TERM PREDICTION

OF RADIONUCLIDE TRANSPORT

P L Airey, P Duerden

Australian Atomic Energy Commission

ABSTRACT

Problems associated with the long-term prediction of the migration of radio-
nuclides, and the role of natural analogues in reducing the inherent uncertainties
are discussed. Particular reference is made to the evaluation of uranium ore
bodies in the Alligator Rivers region, NT, as analogues of high-level radio-
active waste repositories. A range of nuclear techniques has been used to
identify the role of colloids, of a-recoil and of mineralogy in transport.
Specific mention is made of a method being developed which enables models of
the migration of solute through fractured rock to be assessed via a combination
of a-track, fission track and PIXE/PIGME techniques.

1. INTRODUCTION

The design of high-level radioactive waste repositories involves multi-
barrier concepts. These include

immobilisation of reprocessed waste in glass or SYNROC,

encapsulation of the waste in metal containers,

minimisation of groundwater access and migration in the
engineered portion of the repository (near-field), and

natural retardation of radionuclide transport in the geosphere
(far-field).

The longer the period of isolation of the waste products from the biosphere,
the higher becomes the inherent protection due to radioactive decay, dispersion
and isotopic dilution. The United States Environmental Protection Agency has
published a criterion for the maximum dose commitment to the public over 10 000
years. Demonstration of compliance with this type of regulation involves the
proponents of repository design with a new class of problem. Clearly, a mathe-
matical approach must be used. In principle, models are capable of a precise
description of radionuclide transport; in practice, their predictive capability
is limited by the need to use lumped parameters to describe

aquifer properties,

the mineralogy of accessible surfaces, and

solute adsorption and dispersivity.
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In addition, when considering the long-term future, possible changes in the
geological environment must be taken into account. Szoreen and Kocher^-'-J have
pointed out that, "Within 1000 years, near surface borehole seals may be
disrupted by erosion. By 10 000 years extensive continental glaciation could
occur .... For time periods greater than 100 000 years, it is possible that
temperature and pressure fields at the repository site might be significantly
different and the gross chemical and mechanical properties might change as a
result."

2. THE NATURAL ANALOGUE APPROACH

Clearly, long-term prediction is based to a significant extent on subjective
judgment. By using natural analogues we can reduce the level of subjectivity by
using a detailed understanding of the cumulative effect of transport in the
past as a basis for prediction. The most extensively studied analogue of a high
level waste repository system breached by groundwater is the natural reactor
system at Oklo, Gabon. In practice, analogues need not be as comprehensive as
Oklo to be useful. In fact, the current tendency is to seek specific analogues
of particular elements of repository systems. Chapman et al.f2^ have recently
listed processes in an order of priority. The first five are

1 retardation mechanisms in the geosphere,

2 speciation of radionuclides,

3 buffer performance and longevity,

4 waste form breakdown and canister corrosion, and

5 high temperature element corrosion.

Uranium ore bodies are particularly useful analogues of far-field transport
for the following reasons:

(1) They comprise a range of radionuclides including transuranic
and fission product elements (albeit at ultra-low concentrations)
which are of direct interest in predicting long-term dose
commitments to populations;

(2) Uranium series nuclides are ubiquitous. Because they can be
measured at ultra-low levels, distributions of the major
elements can be studied at both the analogue and the repository
sites. A basis, therefore, exists for transferring information
from one to the other.

In the AAEC natural analogue project, an extensive study has been made of ore
bodies in the Alligator Rivers Region of the Northern Territory^]. Many of the
ore bodies intersect the surface. It is, therefore, possible to compare radio-
nuclide transport in the upper weathered clays with that in the underlying
unweathered schists from which they are derived. Extensive use has been made of
the following nuclear and isotopic techniques:
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isotope hydrology,

a- and y-spectcrmetry,

PIXE/PIGME,

fission track and a-track mapping, and

accelerator mass spectrometry.

3. GENERIC RESULTS

Measurements obtained via these techniques ultimately provide a basis for
assessing the validity of the transport theories on which geochemical models
depend. Particular attention is being paid to phenomena which may affect trans-
port over long periods but may not be manifest over laboratory time scales. The
following have been identified in this study:

(1) Recoil - experimental evidence that a-recoil leads to
significantly higher distribution coefficients on clay
has been obtained.

(2) Time-dependence of the distribution coefficient -
9 3 9 9 7 ftsystematic differences in activity ratios of Th/ Ra,

230Th/228Ra and 230Th/225Ra have been interpreted in terms
of the radiochemical history of the thorium and the residence
time of the thorium and radium in groundwater.

(3) Distribution of uranium series nuclides through specific
mineral phases - substantial isotopic fractionation has been
observed between the amorphous iron, the crystalline iron
and the clay/quartz phases of the weathered ore. It is
necessary to identify the specific minerals which largely
determine the distribution coefficients.

(4) Colloids - groundwater colloids are a significant mechanism
of transport of thorium. There is apparently no isotopic
equilibrium between the colloids and the solution.

4. RADIONUCLIDE TRANSPORT IN FRACTURED ROCKS

In many national repository programs it is particularly important to under-
stand the extent to which crystalline rock strata can retard radionuclide trans-
port. At least three mechanisms of transport have been proposed:

advection - dispersion - surface sorption,

advection - dispersion - matrix diffusion, and

advection - channelling - matrix diffusion.

The accuracy of long-term prediction will depend, in no smai measure, on
determining the correct mechanism. Albenin et al.^J conceived and implemented
a series of elegant tracer experiments which were run for three months. Never-
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theless, they found that "available data were not sufficient to firmly conclude
which of the mechanisms is mainly responsible for dispersion".

The natural analogue approach involves studying the cumulative effect of
migration through a pre-existing rock fracture, A number of techniques are
being applied[5].

optical petrology to map the surface mineralogy,

PIXE/PIGME analysis to map the distribution of 28 elements,

fission track studies to map the distribution of uranium,

a-track measurements to map the distribution of daughter
products (predominantly radium daughters).

Some preliminary data are presented. We ultimately hope:

(1) to study the effect of specific minerals on the relative
mobility of uranium and its daughter products by correlating
the ratio of the fission track to a-track densities with the
mineralogy;

(2) to relate these findings, via the PIXE/PIGME data, to the
mobility of other indicator elements, and

(3) to compare the findings with the predictions of alternative
mechanisms of transport through fractured rock.

5. CONCLUDING COMMENT

Long-term prediction of the migration of radionuclides is important in the
assessment of proposed sites for nuclear installations. Inevitably, a modelling
approach must be used. The choice of some of the critical parameters involves
the exercise of subjective judgment. The subjectivity can be reduced by assessing
the validity of the model in terms of natural processes which are acceptable
analogues of elements of the repository system. Uranium series migration within
and down-gradient of ore bodies is a natural analogue of transport in the far-
field of a repository system. Some generic results applicable to weathered
schists are presented. Particular attention is being paid to the extension of
the analogue to fractured rock.
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