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22 -INTERACTION OF LOW PH CEMENTITIOUS CONCRETES  
WITH GROUNDWATERS 

José Luis GARCÍA CALVO (IETcc-CSIC), María Cruz ALONSO (IETcc-CSIC), Ana HIDALGO (IETcc-
CSIC), Luis FERNÁNDEZ LUCO (IECA) 

Introduction 

Some engineering construction concepts for high level radioactive waste underground 
repositories consider the use of a bentonite barrier in contact with cementitious materials with a 
pore fluid pH value ≤ 11 (based on low-pH cements) to maintain the bentonite stability. The 
research on low-pH cementitious materials is mainly addressed from two different approaches: 
1) Calcium Silicate Cements (OPC, Ordinary Portland Cement based), 2) Calcium Aluminates 
Cements (CAC based). In both approaches mineral admixtures as Silica Fume (SF) are added with 
the based cement. To decrease the pore fluid pH of OPC based cementitious materials, the 
portlandite content has to be reduced or even eliminated using mineral additions with high 
silica content (Saeki 2005), due to it is the main responsible of their long term high alkalinity. 
The blends follow the pozzolanic reaction that consumes porltandite to form Calcium Silica Gel 
Hydrates (CSH). CAC based cements have themselves a lower pore fluid pH value, but the 
challenge is to control their most widely identified degradation process, the so called conversion 
process. An interesting way to reduce the Calcium Aluminate Hydrates conversion is to replace 
some of the CAC by mineral admixtures with high silica content (Majumdar 1992; Hidalgo 2008), 
increasing the microstructure stability of the mixes and even contributing to decrease the pore 
fluid pH value (García Calvo 2009). So it is obvious that the use of both types of cements (OPC 
based or CAC based) implies the use of high mineral additions contents in the binder that should 
significantly modify most of the concrete “standard” properties. Once these properties have been 
addressed (García Calvo 2008) and taking into account the long life expected in this type of 
repositories, parameters related to the durability of the low-pH concretes must be analyzed. This 
work shows some recent studies that deal with the evaluation of the resistance of low-pH 
concretes to long term groundwater aggression. The research has been carried out within the 
frame of the ESDRED EC project (FI6W-CT-2004-508851) and the Spanish waste national 
management agency “ENRESA”. 

Experimental 

Due to the difficulties for long timescales involved in laboratory experiments using 
groundwaters, accelerated tests have to be used to qualify the different concretes for deep 
repositories. The resistance against ground water aggression has been evaluated in three types 
of low-pH concretes: a) basic concrete based on the low-pH cement formulation 70%CAC+30%SF; 
b) basic concrete based on the low-pH cement formulation 60%CAC+40%SF; c) concrete cores 
extracted from a real shotcreted low-pH plug fabricated in Äspö facilities using the low pH 
cement formulation 60%OPC+40%SF. 

The accelerated leaching test used is based on a percolation method. Cylindrical concrete 
samples were placed between two cylinders of methacrylate containing holes for water inlet and 
outlet. A water head of 0.5 bars pressure was maintained to pass water from the upper surface of 
the concrete. At the lower part, the leachate was collected for analysis. The groundwater used 
for leaching tests was taken from the site of Äspö (Sweden) in order to simulate real conditions. 
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This groundwater contains as main relevant ions Cl- and Mg2+ (Cl-: 2500ppm; 
Mg2+:80ppm).Variables measured continuously in every case were: effluent flux (to determine the 
hydraulic conductivity), chemical composition and pH. At the end of experiments (14 moths in 
basic concretes and 2 years in cores from the plug) the modifications in the solid phases were 
evaluated by BSEM with EDX analyses, phenolphtaleine test and Mercury Intrussion Porosimetry. 

Results 

Characterization of the leaching solution evolution 

The pH values measured in the leachates were never above 11 in the studied concretes 
(except in the first 50 days for that with CAC+SF), being lower than 9 in the concretes based on 
OPC+SF during all the test period. Figure 1 shows the Ca2+ and Mg2+ contents evolution in the 
leachates of the two basic concretes evaluated.  

Figure 1: Evolution of Ca2+ and Mg2+ leachate contents (left: concrete based on OPC+SF; right: 
concrete based on CAC+SF). Il= ion content in leachate; Iw= ion content  
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Changes in the chemical composition of the leachates in concrete based on CAC+SF show 
lower Ca2+, Mg2+ and Cl- contents with respect to those present in the Äspö water, indicating an 
incorporation of these ions in the Calcium Silico-Aluminate Hydrates, CASH, a possible 
secondary hydration and/or a calcite precipitation. In the OPC+SF concretes, the Ca2+ content 
decreases at the beginning of the leaching test but increases with time, whereas Mg2+ shows 
exactly the opposite behaviour. This can be related with an initial secondary hydration followed 
by decalcification of the CSH phases compensated by the incorporation of magnesium. The 
chloride content evolution of the 2 concretes leachates shows an important decrease at the 
beginning of the test, increasing slowly with time up to the characteristic values of the 
groundwater, indicating an initial incorporation of Cl- ions in the cement matrixes, being this 
phenomenon more marked in the concrete based on CAC. With regard to the hydraulic 
conductivity values, the three concretes fulfil with the requirements demanded because they are 
similar to that of the surrounding rock expected in a granitic underground repository (which is in 
the order of 1·10-10 m/s.). The hydraulic conductivity remains almost stable in the concretes 
based on OPC+SF during all the test period and decreases slowly with time in that based on 
OPC+FA. 

Evaluation of the modifications generated in the solid phases. 

In general, results from leaching tests show that the low pH concretes have good resistance 
against groundwater interaction. After the test period, in the concretes based on OPC+SF a small 
altered front from the surface (<700µm) can be observed, as that shown in the microscopy image 
of figure 2. In this altered front, there are not any significant modifications in the porosity of the 
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concrete, but a decalcification of the CSH gels followed by the incorporation of magnesium ions 
from groundwater into them (even forming Magnesium Silicate Hydrate, MSH phases) and into 
the anhydrous phases (as “magnesia nodules”) are observed. This is graphed in Figure 3 that 
shows the XRay Difractometry (EDX) microanalyses profiles obtained in the pastes of the two 
OPC+SF low-pH concretes, presenting the modifications occurred with the depth of the samples 
in the C/S ratios of the CSH gels and in the Mg2+ concentration. The incorporation of Cl- ions 
from groundwater into the CSH gels structure is also detected. 

Figure 2: Altered front observed in OPC+SF concrete. BSEM image (x35). 

 

 
 

In the case of the low-pH concrete based on CAC+SF, the results also indicate a good 
resistance against groundwater interaction. After the leaching test period (14 months), this 
concrete has a similar aspect and similar CASH paste phases than those observed in the 
concrete before testing maintained in a curing chamber at 100%RH. It is also observed the 
incorporation of chloride ions in the CASH matrixes as well as a calcite precipitation on the 
surface (see figure 4) that could be playing a protective role against water effects. However, 
instead of any altered zone is clearly observed (as in the case of the OPC+SF concretes), an 
increase in the total porosity is detected in the upper zone. 

Figure 3: EDX profiles in low-pH concretes based on OPC+SF after leaching test. Concrete-1: 
Basic concrete. Concrete-2: shotcreted concrete. 
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Figure 4: Calcite precipitation in the surface of CAC+SF sample. BSEM image (x350). 
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Conclusions 

It seems that the low-pH concretes evaluated have good resistance against groundwater 
interaction, although an altered front can be observed from the surface in all the tested samples. 
In this altered front, in concretes based on OPC+SF the incorporation of Mg2+ ions from ground 
water into the CSH gels (even forming MSH phases) and into the anhydrous phases (as 
“magnesia nodules”) are suggested. The retention of Cl- in hydrated cement phases has been 
also detected in the three concretes studied. 
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