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Within the safety concept defined by ONDRAF/NIRAS (ONDRAF/NIRAS2009a,b), the long-term safety
of a disposal system rests on the integration of major safety functions, features and measures, and
management processes. Long-term safety functions are defined as the functions that a disposal system
fulfils so as to achieve its fundamental objective of providing long-term safety through a concentration and
confinement strategy, while limiting the burden for future generations. The limitation of the water flow
through the system and, hence, the quantity of contaminants migrating through and ultimately leaving the
system, and the retardation of contaminant migration, are two requirements to effectively delay and
attenuate the release of radionuclides from the disposal system. The purpose of this presentation is to
describe the strategy for the selection of retention and migration parameters for safety-relevant nuclides
that was developed in the framework of the Belgian Safety and Feasibility Case SFC-1.

A geochemical database containing state-of-the-art retention and migration parameters of all safety-
relevant radionuclides, is ideally based on a thermodynamic understanding and an ability to accurately
describe the geochemical and transport behaviour of all these radionuclides under the geochemical
conditions that are considered for a reference host formation. In Belgium, this reference formation is a non-
indurated clay, i.e. Boom Clay. The parameters will be used in Performance Assessment (PA) calculations,
and therefore must also be adapted to PA models. Since these models currently use only a four parameters
for every radionuclide, the whole geochemical and transport behaviour must be comprised to a very limited
parameter set that describe on the one hand chemical retention within the Boom Clay formation, and on
the other hand transport through the Boom Clay formation. Chemical retention considers two concepts:

1) a concentration limit (S), which represents the mobile concentration of a nuclide present in the
aqueous phase under undisturbed far field Boom Clay conditions;

2) a retardation (R/Kd) factor, which represents the uptake of a mobile nuclide by the inorganic and
organic phases (minerals, kerogen, etc.) present in the Boom Clay formation.

For mobility/migration two additional concepts are introduced:

3) the diffusion accessible porosity (η), which is the total physical space available for transport of a
nuclide. The maximum value of η is limited by the water content of the formation;

4) the pore diffusion coefficient (Dp), which represents the transport velocity of a nuclide in a diffusion-
dominated system (due to the low hydraulic conductivity and gradient, advective transport is not
considered).

Within the framework of SFC-1, primary focus is laid on the compilation of parameter ranges, instead of
individual “best estimates”. The “source range” is the range outside of which the involved parameter is
almost certainly not expected to lay, while the “expert range” is the range inside of which the involved
parameter is judged to lay by experts. The expert range is therefore by definition more narrow than the
source range, and respresents the most “realistically foreseeable” parameter set based on current
knowledge. The source range on the other hand, represents a more “pessimistic” or “conservative”
parameter set.
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Given the complexity of the geochemical environment, and the sheer multitude of different well- and ill-
defined geochemical processes taking place under such conditions, a complete thermodynamic
understanding and description is in reality impossible to achieve. Moreover, the currently considered PA
conceptual models are very simple from a geochemical point-of-view, and are not capable to account for
this multitude of processes. Therefore, the translation of all these processes to a limited, but relevant,
parameter database, is not straightforward.

The above observations and limitations make it necessary to derive (and describe) a sound methodology
that can be used for the selection of retention and migration parameters for safety-relevant nuclides. This
methodology will strive for thermodynamic consistency, but will take into account practical limitations
with regard to the understanding of geochemical processes, the ability to describe them, and the
simplifications needed to describe these processes with parameters used for PA.

The cornerstone of this methodology involves the drafting of so-called “phenomenological models”. These
models are based on the combined insights gained from:

1) experimental observations of the geochemical behaviour of the different considered radionuclides,

2) thermodynamical reflections with regard to their general geochemical characteristics,

3) geochemical modelling which is used to predict the major solution species and retention processes.

The drafting of such phenomenological models will allow the different radionuclides in the database to be
grouped according to the similarity of the processes to which they are subjected with respect to their
transport behaviour. Examples of such groups are “anionic species”, “cations whose uptake is dominated
by ion exchange processes”, “cations whose solution speciation is dominated by a natural organic matter
complex”, etc.

Within each group of radionuclides, the chemical affinity of each radionuclide towards a geochemical
process which is considered of importance for this group, will then allow individual radionuclides to be
ranked and parameters to be differentiated. These ranking exercises take advantage of general existing
knowledge concerning the process involved, e.g. by using scientifically established Linear Free Energy
Relationships between well-documented thermodynamic parameters (such as hydrolysis constants) and
more ill-defined specific interaction constants (such as organic complexation constants).

The approach of building phenomenological models, grouping radionuclides, and ranking the individual
radionuclides within each group, will maximise consistency in the selection of retention and migration
parameters, which is not guaranteed if parameters are selected on a case-by-case approach for each
radionuclide seperately. In this presentation, both the above-described general strategy will be further
eludicated, and practical examples will be given to illustrate the selection strategy.

This work is performed in close cooperation with, and with the financial support of ONDRAF/NIRAS, the
Belgian Agency for Radioactive waste and Fissile Materials, as part of the programme on geological
disposal of high-level/long-lived radioactive waste that is carried out by ONDRAF/NIRAS.
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