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In France, the concept of a geological disposal of high-activity and long-lived nuclear 
wastes requires the use of concrete and cement-bearing materials as building structures or as 
waste containment packages, in conjunction with clayey barriers (e.g., compacted bentonite as 
an engineered barrier and/or argillite-type rocks as a geological barrier). The concrete 
degradation will produce high-pH fluid (pH >13) that will be in disequilibrium with the geological 
setting environment (argillite porewater pH being close to neutral). Understanding and modeling 
of such perturbations on confinement properties over a long term is thus a key issue of 
performance assessments. Numerous studies have been dedicated these last decades to cement 
/ clay interaction understanding based on laboratory experiments, modeling and/or 
natural/engineered analogues observations (see Gaucher & Blanc, 2006 and references therein 
for synthesis). These studies were predominantly focused on mineralogical approaches and 
clues regarding the cement/clay interactions and can be gained by relating mineralogical and 
geochemical characterizations (isotopic approaches particularly). 

Since 2008, a French scientific research group, TRASSE, constituted by the Institute for 
Radioprotection and Nuclear Safety (IRSN) and the Scientific Research National Center (CNRS) 
supports investigations on radionuclide transfer in soils and ecosystems, including the 
knowledge of confinement barrier effects. In this framework, a scientific program has been 
especially established to better understand the high-pH fluids / clay interactions through a 
mineralogical and geochemical study of three engineered analogues available by means of the 
IRSN Tournemire experimental platform. This platform, located in Aveyron (France), is based on 
a tunnel, excavated between 1882 and 1886 through Domerian marls and Toarcian argillites, and 
is dedicated since 1990 to multidisciplinary research programs. Different contexts presenting the 
argillite formation in contact with a cementitious material are encountered and are linked to its 
historical construction and scientific evolution. These rare examples of cement/clay contacts 
maintained over time scales ranging from a few years to a hundred of years are studied as 
engineered analogues of a deep geological storage. This approach is moreover completed by 
experiments (diffusion and advection) performed in laboratory over shorter time and smaller 
space scales in order to discriminate and control the major parameters involved in such 
interactions (refer to the poster Devol-Brown et al., this session). 
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This poster displays the scientific program developed on three engineered analogues of the 
Tournemire experimental platform: 

(1)  The tunnel walls were recovered by lime after excavation. Lime is yet in contact 
with the argillite in various hydro-geological environments (water-circulation zones 
and dry zones) and its interaction with the argillite can be studied over a duration of 
more than 120 years;  

(2)  A concreted exploration borehole: four exploration boreholes were drilled in 1990 
from the basement of the tunnel for hydrogeological measurements and then filled 
with concrete and cement. These cementitious materials are presently in contact 
with the Toarcian argillites for 17-18 years. Over-drilling of a selected borehole 
provides a 15-20 years old cement / clay engineered analogue (ref. Tinseau et al., 
2006, 2008) 

(3)  The 2003 galleries: two experimental research galleries were excavated in 2003, 
perpendicularly to the tunnel and walls were then covered by several centimetres of 
different concrete formulations. A Portland (CPA/CEM I) and a CHF (CEM III) cement 
were used and formulated with calcareous or siliceous rubbles (Figure 1). For each 
configuration, concrete and argillite in contact were collected by dry drilling.  

The first step of the study concerned the dry drilling method to collect properly without 
damage the cement / argillite interface in the ‘galleries 2003 engineered analogues’. The method 
used allowed the collection of four cores showing a good surface contact between the two 
different materials (Figure 1). Two cores were collected close to the tunnel EDZ (ABGP2 and 
ABGS2); two ones far from it (ABGP1 and ABGS1) (Figure 1). No water-circulations were suspected 
in the four core contexts.  

The macroscopic observations displayed a 1 to 4.5 mm dark front in the argillite at the 
immediate contact with the concrete. The first observations pointed out a thicker ‘dark front’ at 
the contact with the Portland siliceous concrete (4.5 mm) than at the contact with the CHF or 
Portland calcareous concretes. This dark front can be compared to those observed on the DM 
engineered analogue (a 15 years analogue; Tinseau et al., 2008; Techer et al., 2008) which have 
been characterized by low porosity values and C-S-H phases. This macroscopic observation leads 
us thus to expect high-pH fluid percolation in the first few millimetres in contact with the 
concrete in 2003 galleries. To valid this hypothesis, mineralogical (XRD, TEM) and Sr isotopic 
geochemical characterizations were performed on the four cores. First, the Sr-isotopic 
composition of the Toarcian argillite was defined in sample collected at more than 5 cm from 
the concrete, in order to get a reference. The data revealed classical and well known composition 
(Figure 2) for the clayey rock. The Sr isotopic composition of the concretes was then determined 
in samples collected at the direct contact with the argillite: the cementitious materials displayed 
high 87Sr/86Sr ratios compared to the clayey rock ones (Figure 2). Close to this material, in the 
dark front, argillite displayed Sr isotopic compositions (87Sr/86Sr ratios) very close to ‘reference’ 
ones but however slightly and significantly higher (87Sr/86Sr ratios are given with an analytical 
error of ± 5.10-6), indicating a slight chemical disturbance in this millimetric zone which may be 
linked with the neoformation of CaCO3 or C-S-H phases from cementitious fluids. This 
disturbance was not high enough to be observed on the XRD patterns of the whole rocks or on 
the < 2µm fractions. Nevertheless, SEM observations showed massive precipitation of calcite 
(Figure 3) and possible precipitation of rare C-S-H phases. Complementary observations and 
isotopic measurements (Sr, C, O) are in progress to precise the degree, nature and extension of 
the secondary phases neoformation.  
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Figure 1: Schematic representation of the 2003 galleries (main and secondary galleries)  
of the Tournemire experimental Platform showing the four wall concrete coverings  

(names of the four cores added). Photography of the concrete/argillite  
interface in the ABGP1 borehole 

 

 

Figure 2: Sr isotopic compositions of the Toarcian argillites and the Portland calcareous concrete (surface) 
collected along the ABGP1 core: heterogeneity of the cementitious material  

explained by the variability of calcareous rubbles; slight 87Sr enrichment in the 2 mm  
thick argillite ‘dark front’ 
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Figure 3: SEM images from the dark front zone 

Initial step of calcite neoformation Coalescence step 

 

Massive calcite precipitation
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