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Cement-based materials play an important role in multi-barrier concepts
developed worldwide for the safe disposal of low- and intermediate level (L/ILW) and
long-lived intermediate level (LL/ILW or TRU) radioactive waste. Cement is an important
component of the near-field of a repository because it is used to condition the waste
materials and to build the engineered barrier system. The potential of cement to
immobilize radionuclides originates from its strong binding properties for cations and
anions. In performance assessment (PA) studies retention by the near-field barrier
together with solubility considerations is taken into account to deduce the source term
for radionuclide migration. The uptake of safety-relevant radionuclides was studied
using a combination of macroscopic (wet chemistry) and spectroscopic (X-ray
absorption fine structure (XAFS) spectroscopy) techniques with the aim of developing a
mechanistic understanding of the uptake processes on hardened cement paste (HCP)
and deducing robust sets of sorption values. HCP contains impurities of metal cations in
the ppb to ppm concentration range. As a consequence, the inventories of stable
isotopes are expected to be significant in a cementitious near-field and may even
exceed the radionuclide inventories of the waste matrix for many safety-relevant
radioelements. In view of the significant inventories of stable isotopes, isotopic
exchange, i.e., the replacement of stable isotopes by their radioactive counterparts in
the cement matrix, is suggested to be an important immobilisation process in HCP.
However, it is not a priori known what proportion of each elemental inventory is
accessible to isotopic exchange. Wet chemistry studies with Cs and Sr show that the
total inventory of these elements is reversibly bound and that their partitioning between
HCP and pore water can be modelled using the distribution values deduced from
studies of the corresponding tracers (137Cs and 85Sr). This finding corroborates the
relevance of isotopic exchange in cementitious systems. Wet chemistry investigations
need to be complemented by spectroscopic techniques, e.g., XAFS, in order to develop
a mechanistic understanding of the chemical processes by which waste ions become
immobilised in cement-based matrices. XAFS can be used to obtain information at an
atomic/molecular level, i.e., the type, number and distance of neighbouring atoms. It is
noted that XAFS studies on cementitious systems are still quite rare, and therefore
information on the potential and limitations of this technique is sparse. Mechanistic
aspects of the immobilisation processes will be discussed for some safety-relevant
radionuclides (e.g., Ni and Sr) using the spectroscopic and wet chemistry information
currently available. The findings suggest that uptake processes in cement systems are
radionuclide and cement phase specific. A mechanistic understanding of the heavy
metal binding by HCP will allow more detailed and scientifically well founded predictions
of the retention of radionuclides in a cementitious near-field.


