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CONTEXT

Generalised corrosion is one of the main processes taken into account in the dimensioning of non-alloy
steel overpacks for high level nuclear waste packages. However, the presence of microorganisms such as
sulfate-reducing bacteria in the host rock in contact with these non-alloy materials may also influence
localised corrosion processes [1], leading to a premature loss of the overpack watertightness. Available
void and presence of free water are key conditions for bacterial development, which are not often met in
an argillaceous environment. Nevertheless, microbial activity has been proven to occur in argillaceous
formations such as the Opalinus Clay in the Mont Terri Underground Research Laboratory [2]. Indigenous
sulfate-reducing bacteria have also been put into evidence in MX-80 bentonite, a clayey material likely to
be used as engineered barrier in many countries for nuclear waste repositories [3].

The French Institute of Radioprotection and Nuclear Safety (IRSN) has been conducting a research
program at the Tournemire experimental platform on the biodiversity of Toarcian argillite, aiming at
assessing the potential development of a microbial activity in deep clayey environments, disturbed or not
by an excavation. The occurrence of microbial processes in this formation was first shown by the study of
time evolution of the chemical and isotopic composition of fracture groundwaters collected in several
boreholes. These investigations suggested that aqueous sulfates and their isotopic composition were
controlled by bacterial sulfate reduction [4]. The presence of living sulfate-reducing bacteria in water
samples from an air-drilled borehole crossing a tectonic fracture (MB1) was later shown. Thus, a
characterisation of the microbial biodiversity of the Toarcian argillite was launched. Samples have been
collected in different locations of the Tournemire experimental platform: pieces of wall of the gallery, as
well as cores from the Excavation Damaged Zone (EDZ), from the undisturbed zone and from the
faulted area.

MAIN RESULTS

Five aerobic and fifteen anaerobic culture media were used at 20°C, 37°C and 60 °C. Bacterial growth was
observed from all argillite samples but only 51 out of 1020 cultures exhibited growth. A total of 112
isolates was studied: 34 from the wall of the gallery, 13 from the EDZ, 36 from the undisturbed zone and
29 from the faulted area. Positive cultures were obtained from 4 sets of culture media targeting sulfate-
reducing bacteria and heterotrophic aerobes or anaerobes.

The biodiversity in the undisturbed zone is low and composed of isolates affiliated to only 3 Gram-positive
genera of the phyla Firmicutes and Actinobacteria. Even though the strains isolated from these enrichments
were shown to belong to the facultatively anaerobic genus Bacillus, which usually develops more likely in
aerobic culture media, their growths were only observed on anaerobic ones. This observation raises
questions about the potential transient loss of the ability of facultative anaerobes to use oxygen after
extremely long period of oxygen deprivation in the geological formation. The two other cored areas
harboured more diverse microflora, also dominated by Gram-positive bacteria. Isolates from the EDZ
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belong to the Bacillus, Rhodococcus, Curtobacterium and Citricoccus genera. The highest biodiversity was
found, as could be expected, in the humid faulted area where 14 different genera, including Gram-negative
bacteria of the Proteobacteria and Bacteroidetes phyla, were identified. Thus, the presence of these
bacteria seems to be related to the presence of a significant amount of water in this zone. Gram-positive
bacteria of the faulted area include species phylogenetically closely related to those of the undisturbed
zone. In addition to these shared genera, several other genera of Actinobacteria were characterized in the
faulted area including Leucobacter, Microbacterium and Citricoccus. Interestingly, the faulted area also
harbours a strictly anaerobic bacteria, possibly thiosulfate-reducing, Clostridium species and a Gram-
positive sulfate-reducing Desulfotomaculum species. These are two important bacterial groups frequently
involved in microbial corrosion processes. Although the presence of Firmicutes, Actinobacteria and
Proteobacteria was identified, the biodiversity of the gallery wall is also largely dominated by the
Firmicutes, representing 14 of the 18 identified species. Surprisingly, a single proteobacterial species was
identified from the wall sample although this environment is submitted to colonization by bacteria from
ambient atmosphere. Even if some similarities can be found at the genus level between the gallery wall
and the core samples, species diversities exhibited a very low overlap between the different investigated
zones. These differences could be partly explained by the various conditions (water and oxygen contents)
depending on the initial location of the samples.

The analysis of the cultivable bacterial diversity of the Toarcian argillite of Tournemire has shown that the
taxonomic diversity could be larger than previously suspected. Globally, the observed bacterial diversity
tends to depend on the different oxygen and humidity conditions. The wall and EDZ samples have
provided information about the bacterial communities able to develop on disturbed argillite and possibly
to colonize the EDZ. These observations led to conclude that even if the argillite probably acts as a natural
selective substratum for bacterial colonization, exogenous microorganisms may colonize both areas.
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