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An important component of the multi barrier disposal concept for a radioactive waste repository is the
bentonite backfill surrounding the canisters containing vitrified high-level waste and spent fuel located in
the tunnels deep within the chosen host rock. The effectiveness of the compacted bentonite barrier is such
that calculations have indicated that many radionuclides have decayed to insignificant levels before having
diffused through the thickness of bentonite (Nagra, 2003). These calculations are performed using the
simple Kd sorption concept in which the values are taken from batch type experiments performed on
dispersed systems performed for a single metal at a time, usually at trace concentrations. However, in such
complex systems many radionuclides, inactive metal contaminants/ground water components may be
simultaneously present in the aqueous phase at a range of concentrations varying with time during the
temporal evolution of the repository system. An important aspect influencing the sorption of any
radioactive metal under a set of given geochemical conditions is its competition with other metals present,
and how this may vary as a function of concentration. Competitive sorption effects are not currently
included in safety assessments and are thus an issue which needs to be addressed.

Here we provide some first estimates of the potential influence of competitive sorption effects on the
migration of radioactive metals through compacted bentonite as a function of their concentration and the
concentration of competing metals. Ni(II) and Fe(II) were chosen as possible competing cations since their
concentration levels are expected to have values greater than trace levels and effects might be maximal and
canister corrosion represents a permanent Fe source at the bentonite interface which could influence
bivalent radionuclide diffusion. The modelling of the Ni(II) diffusion/sorption has been carried out using
three different modelling approaches a) an analytical solution with constant Kd using a constant Ni(II)
concentration level at x = 0 (e.g. at the canister surface) and zero Ni(II) initial background concentration
in the bentonite, b) a numerical “constant Kd approach” taking into account the initial Ni(II) background
concentration in the bentonite pore water, and c) a reactive transport approach using the code MCOTAC
(Pfingsten2002) in one-dimen-
sional spatial geometry with an
incorporated mechanistic sorption
model which includes surface
protolysis, surface complexation
and cation exchange reactions
(Bradbury & Baeyens, 1997).
Charge balance is explicitly for-
mulated for the surface complex-
ation reactions. Selectivity
coefficients and surface complex-
ation data for Ni(II) were taken
from Bradbury & Baeyens
(2005a); the related Fe(II) data
were obtained from the Linear
Free Energy Relationship (LFER)
contained in the same publication.
The Ni(II) breakthrough in the
bentonite was calculated for

Figure 1: Ni breakthrough at 0.2 m in the bentonite calculated for
different maximum Ni concentration levels (10-4 M, 10-5 M, and
10-7 M) using the mechanistic sorption model and the numerical
“constant Kd approach” – not taking into account Ni-Fe sorption
competition.
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different Ni(II) concentration
levels with and without consider-
ing competition with Fe(II) on
exchange and surface complex-
ation sites for different Fe(II)
concentrations in the bentonite
pore water. The comparison
(without Fe(II) competition,
Figure 1) allows the following
observations to be made: for trace
Ni(II) concentrations, the numeri-
cal “constant Kd approach” yield
similar results to the reactive
transport approach. For higher
Ni(II) concentrations, the calcu-
lated Ni(II) breakthroughs differ
from each other: the reactive
transport approach yields an
earlier breakthrough than the
numerical “constant Kd approach” for a Ni concentration level of 10-5 M. However, for a Ni(II) concentra-
tion level of 10-4 M, the reactive transport approach yield a later but steeper breakthrough, reaching the
maximum Ni(II) concentration level earlier than the numerical “constant Kd approach”. Fe(II) competition
reactions could only be taken into account using the reactive transport approach. The results yield a general
dependency of the Ni(II) retardation on the Fe(II) concentration level in the bentonite pore water and the
related Fe(II) sorption on exchange and surface complexation sites. The Ni(II) retardation is lower for
higher Fe(II) concentrations. Generally, assuming that the Fe(II) background concentration in the bentonite
is determined by saturation with siderite, Fe(II) competition reduces the Ni retardation by an order of mag-
nitude compared to the case without competition (Figure 2). Since the Fe(II) concentration in the near-field
of a high-level radioactive waste repository may change with time due to canister corrosion processes and
mineral precipitation/dissolution reactions, the diffusion of Ni(II), and more generally also metals which
are chemically similar (valence state, hydrolysis behaviour) e.g. Co, Zn, Mn… (Bradbury M.H. and
Baeyens B. (2005b)) should be modelled using mechanistic sorption models taking into account competi-
tive sorption processes, i.e. using a more detailed reactive transport approach to describe radionuclide
transport within the bentonite correctly.
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Figure 2: Ni breakthrough curves at x = 0.2m in the bentonite
calculated for three different sorption models a) analytical solution
with a Kd approach, b) numerical “constant Kd approach” with
Ni*_s/Ni* = Kd = constant, c) mechanistic sorption model integrated
in MCOTAC.


