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The concept developed in France for the disposal of vitrified high level waste in deep geological repository
includes the containment in steel canisters, designed to prevent contact between glass and water and to
maintain mechanical stability, and the confinement at ca. 500 m into an argillaceous hostrock. After
canister disposal and repository closure, the site will progressively resaturate in non-isothermal conditions
and the alteration of the different materials will start: corrosion of the canisters, degradation of concrete
plugs, and ultimately, the alteration of glass waste. These perturbations will affect the properties of the
different materials present in the near field and the lifetime of the glass matrix (Bildstein et al., 2007).
Several scenarios are investigated which all involve (1) the geochemical interactions between iron and
clay-rich materials, and (2) the alteration of glass in the presence of corrosion products.

The evolution of the near field system is complex since geochemical and transport processes are highly
coupled. Steel corrosion and glass alteration produce an increase of pH which in turn affects the rate of
glass dissolution. The concentration of dissolved silica is also one key to the rate of glass alteration and,
along with the concentration of other elements such as iron and aluminum, it determines the nature of steel
corrosion and clay alteration products. These interactions may also lead to partial dissolution of the initial
clay minerals potentially affecting the overall confinement properties such as swelling and capacity to
exchange cations.

Coupled reaction-transport simulations with the Crunch code (Steefel, 2008) was used to assess the impact
of steel corrosion and glass alteration phases in the presence of corrosion products (CP), looking at mass
transfer for chemical elements, especially iron and silicon, pH, porosity change. A first set of calculations
based on a reference case in isothermal conditions (90°C) was conducted in order to identify the parameters
controlling the overall reactivity of the system. This sensitivity analysis included kinetic parameters for
selected minerals, diffusion coefficient, corrosion rate, and gas partial pressure. Another set of calculations
was also performed in non-isothermal conditions using the variable temperature field resulting from the
heat produced by the waste packages.

Modeling results in the reference case show that the glass alteration products mainly consist of zeolites
(gyrolite, natrolite) and pure silica minerals (chalcedony). Steel corrosion products are distributed as
follows: iron oxides (magnetite or goethite) at the core of the canister; iron silicates (cronstedtite),
aluminosilicates (chamosite, Fe-saponite), and sulphide (pyrrhotite) precipitate at the interface between
glass and argillites (Figure 1). In the argillites, primary minerals such as dolomite, smectites and calcite
are destabilized close to the canister surface. These minerals disappear in favour of gyrolite, natrolite,
chalcedony and philippsite-K. The sensitivity analysis shows that the relative amount and evolution in
space and time of these secondary minerals strongly depend on the corrosion rate and the release of gas
(H2 and possibly CH4) in the system. The relative intensity of the transport process (diffusion coefficient)
and mineral reaction rates (kinetic rate and reactive surface area) also strongly influence the evolution of
the system (nature of secondary phases, porosity, gas pressure…). These reaction pathways and paragenesis
predicted by the calculations are qualitatively supported by “short-term” (~1 year) experiments (Schlegel
et al., 2008).
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A significant reduction of porosity is systematically predicted at the interface between the different
materials and is also locally observed in the different materials depending on the simulation conditions, e.g.
depending on the corrosion rate (Figure 2).

An overall decrease of the reactivity of the system is also predicted when the temperature gradient is
implemented: the rapid decrease of the temperature below 50°C in ~1000 years in the near-field
dramatically limits the extent of the degradation of the different materials.
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Figure 1: 1D radial geometry and distribution of glass alteration and steel corrosion products (90°C).

Figure 2: Initial porosity and mineral volume balance with different corrosion rates, after complete
corrosion of the canister. Volume percent above 100% indicates that the porosity is clogged.


