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French concept of deep disposal of nuclear waste is based on a multi-barrier system with a metal container
and a clayey host rock as last natural barrier for radionuclides confinement and to avoid their migration in
the environment. One of the most important criteria for the safety assessment concerns the life time of
metal containers. In this deep environment (elevated pressure and temperature, low water content) many
factors may induce an alteration and modification of metal containers properties through corrosion
processes. Two types of reactions are currently studied First, the anaerobic aqueous corrosion (a) which is
depending on the amount of water available and the second is clayey corrosion (b) by an oxidation of
structural Iron(III) or clay’s H+ on Fe(0) of metal containers (Perronnet et al., 2005).

• Fe0 + 2H2O → Fe2+ + 2OH- + H2 (a)

• Fe0 + 2H+
arg ile → Fe2+

solution + H2 (b)

• Fe0 + Fe3+
arg ile → Fe2+

solution + Fe2+
arg ile (b)

These processes will entail different reaction products: first, we observe formation of corrosion products
like aqueous Fe(II) and magnetite, hematite like mineral (De Combarieu, 2008). These new minerals inhibit
aqueous corrosion by the formation of a passivation process. For the second process, we observe a
transformation of smectites into iron-rich serpentine-type minerals (Perronnet, 2005, Lantenois, 2003).
These phenomenons will be responsible for a potential loss of confinement properties such as release of
radionuclides, swelling and capacity to cations exchange.

Moreover, since the discovery of microorganisms in deep clayey environment (Poulain (2006), for the
Callovo-oxfordian argillite, Stroes Gascoyne (2007) for Opalinus argillite) or in bentonite used as swelling
clay (Pedersen 2008). A new corrosion parameter “biological one inducing bio-corrosion process” must be
taken into account and has to be investigated to improve geochemical prediction on the sustainability of
containers in geological disposal.

• Impact of microorganisms has to be focused in term of bio-corrosion and more precisely on an indirect
corrosion through the corrosion product alteration, magnetite and hematite mainly (c). For that, an opti-
mised method of H2 measure at weak pressure has been realised by gaseous phase chromatography cou-
pled with a sensitive pressure captor.

• H2 + Fe3+
magnetite → Fe2+

solution + 2H+ (c)

The interest of this study is to determine and to understand the reactivity of one model microbe species,
the ferric-reducing bacterium “Schewanella oneidensis strain MR-1”, on a Fe(0) corrosion and these
corrosion products (magnetite, hematite mainly) in presence or not of clay minerals (bentonite MX80). The
introduction of short-term experiments in the scattered environment (batch) over reactivity Iron-bacteria
with or without clay mineral is here studied through a kinetic study of H2 bioconsumed or product,
chemical analysis in solution, and by use a cristallochemistry tool (XRD and SEM). The main results are
bio-alteration of corrosion products (Figure 1) with development of ferrireducing bacterial community.
This microbial alteration entails an increase of aqueous corrosion by consumption of corrosion products
(passivation layer). In such condition, corrosion process could be reactivated.



P/MO/13

Page 582 CLAYS IN NATURAL & ENGINEERED BARRIERS FOR RADIOACTIVE WASTE CONFINEMENT
4TH INTERNATIONAL MEETING – MARCH 2010 – NANTES, FRANCE

This study was funded by the CEA in collaboration with IRSN as technical support.

References:
Poulain, S., 2006. Caractérisation microbiologique de l’argile à Opalinus du Mont Terri et de l’argilite du

Callovo-Oxfordien de Meuse/Haute-Marne. Thèse

Stroes-Gascoyne, S., Hamon, C. J., Dixon, D. A., Martino, J. B., 2007. Microbial analysis of samples from
the tunnel sealing experiment at AECL’s Underground Research Laboratory. Physics and Chemistry of
the Earth, Parts A/B/C 32(1-7), 219-231.

Mauclaire, L., Mckenzie, J. A., Schwyn, B., Bossart, P., 2007. Detection and cultivation of indigenous
microorganisms in Mesozoic claystone core samples from the Opalinus Clay Formation (Mont Terri
Rock Laboratory). Physics and Chemistry of the Earth, Parts A/B/C 32(1-7), 232-240.

De Combarieu, G., 2007. Altération du verre de confinement de déchet type R7T7 en condition de stockage
géologique Thèse Université Paris XI.

Masurat, P., Eriksson, S., Pedersen, K., 2008. Evidence of indigenous sulfate-reducing bacteria in
commercial Wyoming bentonite MX-80, Applied Clay Science, In Press, Corrected Proof.

Perronnet, M., Jullien, M., et al., 2008. “Evidence of a critical content in Fe(0) on FoCa7 bentonite
reactivity at 80˚C.” Applied Clay Science 38(3-4): 187-202.

Lantenois, S., Lanson, B., 2005. Experimental study of smectite interaction with metal Fe at low
temperature: 1. Smectite destabilisation. Clays and Clay Minerals 53: 597-612.

Key words: Deep geological disposal waste, Bio-corrosion, H2, ferric reducing bacteria.

Figure 1: Bio-alteration of magnetite by Shewanella oneidensis MR1. In presence of H2 as electron donor
bacteria can reduced Iron(III) of magnetite. Without bacteria no alteration is observed.


