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A set of 6 identical scale-model tests (HB) was designed to study the temporal evolution of the 
concrete-bentonite interaction in the engineered barrier system of a deep geological repository. 
HB tests reproduce the thermal and hydraulic regimes expected during the re-saturation of the 
bentonite barrier. The tests consisted of a 7cm-high FEBEX bentonite cylinder in contact with a 
3cm-high CEM I 42.5 R/SR concrete slab. Sequential dismantling was scheduled for 6, 12, 18, 
54, 82 and 136 months. Once dismantled, the bentonite and concrete blocks of the experiments 
were sliced into 1cm-thick cylindrical sections to determine the physical, chemical and 
mineralogical changes of both materials over time. After 136 months, the bentonite block was 
almost fully saturated. The degree of saturation of the bentonite in the vicinity of the concrete-
bentonite interface was 95% while close to the heater the degree of saturation was 80%. As 
bentonite was confined inside a stainless steel cell, slight differences in dry density values were 
observed. By the heater, dry density reached 1.69 g/cm3 whereas close to the interface reached 
1.61 g/cm3. Temperature at the interface was around 40ºC.

Cl- and SO4
2- tended to concentrate near the heater in all the experiments, due to evaporation 

processes and the thermo-hydraulic gradient generated by the simultaneous heating and 
hydration of the concrete-bentonite column. Sequential dismantling of the set of experiments 
confirmed that the Cl- front moves faster than SO4

2- one, since Cl- behaves as a conservative ion 
while SO4

2- is controlled by dissolution/precipitation processes. Cl- and SO4
2- mass balances 

indicate that the overall content in the bentonite block increases due to the highly saline solution 
used for hydration. Due to the leaching of the concrete matrix, Ca2+ increases in the exchange 
complex of the bentonite with respect to the untreated FEBEX bentonite in the whole bentonite 
column. On the contrary, an overall decrease of Mg2+ was observed in the bentonite column, 
except for the heater zone, where it was accumulated. The first dismantled experiment (6 
months) already provided evidences of depletion of exchangeable Mg2+ in the bentonite in the 
contact with the concrete, being the extension of the affected zone up to 4 cm depth in the 
experiment dismantled after 136 months. The depletion of Mg2+ is in agreement with the 
formation of Mg-rich phases (serpentine–like or 2:2 or 2:1:1 sheet silicate), being the extension of 
precipitates <1 mm. Cement leachates favoured the precipitation of carbonates and C(A)SH gels 
and sulfate-rich phases on the concrete side of the interface. Gypsum and ettringite were soon 
detected (12 months), whereas calcite was not initially observed but became the dominant phase 
after 136 months. According to stable isotopes, calcite found in the interface was 13C-depleted if 
compared to δ13C values measured in both, bentonite and concrete. This fact points to dissolution 
and re-precipitation processes involving the dissolved carbon in bentonite leachates. Al tended to 
decrease from the bentonite interface and to increase within < 1mm thickness at the concrete 
matrix. The dismantling of this set of experiments suggests that the extension of the 
mineralogical alteration front in the bentonite decreases or at least does not show an appreciable 
evolution with increasing temporal scales. Mercury intrusion porosity data points to a decrease of 
bentonite and concrete porosity at the interface due to the precipitation of newly-formed phases. 
On the contrary an increase of BET specific surface area in the first two millimetres of bentonite 
occurs. 
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