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Prediction of nickel mobility in a clayey formation requires accurate knowledge of the mineralogical assemblage

Introduction

In the perspective of nuclear waste storage, 63 Ni is one of the radio-elements of primary concern. Modeling of its retention in clay formations is usually performed using modeling approaches which consider that only phyllosilicates participate to retention. However, isotopic exchange with stable nickel contained in phases (i.e. minerals and organic matter) from the clay formation may play a role. Thus, a sound understanding and prediction of Ni retention also requires detailed knowledge of Ni distribution amongst the different phases. Importance of such knowledge is reinforced by the fact that the distribution of stable Ni between solution and some reactive phases could be considered as representative of 63 Ni distribution after long-term interaction. The present study aimed at elucidating the relative contributions of fast reversible (e.g. sorption on phyllosilicates) and slowly reversible/irreversible (e.g. isotopic exchange) processes to Ni retention capacities of the Callovian-Oxfordian clay formation from Bure. To achieve this goal, we combined (i) short and long-term (up to 180 days) 63 Ni batch sorption experiments to determine the contribution of irreversible to total sorption and (ii) chemical and physical methods to determine Ni-bearing phases that may contribute to irreversible sorption through isotopic exchange.

Results and discussion

Short-term (24 hours) batch experiments led to 63Ni Kd of ~100 L kg -1 , that can be successfully predicted using a blind modeling approach by taking into account competition with stable Ni and Zn naturally present in the solution. However, 63Ni Kd increased with time up to ~600 L kg -1 after 6 months reaction time, with a fraction of irreversible sorption also increasing with time (Fig. 1). This result cannot be explained by reversible sorption on phyllosilicates only: an additional slowly reversible or irreversible retention mechanism must be invoked. This mechanism could be linked to Ni incorporation in a preexisting phase or to a (co-)precipitation process. Ni is naturally present in the rock (~30 ppm) and its solubility in the experiment synthetic pore-water is far greater than the added 63 Ni concentration (~0.6 µmol/L vs. 1.5 nmol/L). This range of concentration is also in agreement with the value determined in pore-water extracted on site (~0.5 µmol/L). It is thus necessary to understand natural Ni chemical behavior to interpret 63Ni Kd experiment on the complex COx phase assemblage. Gaucher, E., Robelin, C., Matray, J.M., Négrel, G., Gros, Y., Heitz, J.F., Vinsot, A., Rebours, 665 H., Cassagnabère, A., Bouchet, A. (2004a) 
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