
O/10A/2

Page 187CLAYS IN NATURAL & ENGINEERED BARRIERS FOR RADIOACTIVE WASTE CONFINEMENT
4TH INTERNATIONAL MEETING – MARCH 2010 – NANTES, FRANCE

PORE-WATER CHEMISTRY EFFECTS
ON THE COMPRESSIBILITY BEHAVIOUR OF BOOM CLAY

Y. F. Deng1,2, Y. J. Cui2, A. M. Tang2, X. P. Nguyen2, X. L. Li3, V.G. Maarten4

1. Southeast University, Institute of Geotechnical Engineering, Transportation College, Nanjing,
China (noden@163.com)

2. Ecole des Ponts ParisTech, Navier/CERMES, Marne-la-Vallée, France (cui@cermes.enpc.fr)
3. Euridice c/o SCK/CEN, Mol, Belgium (xli@sckcen.be)
4. ONDRAF/NIRAS, Belgium (mvgeet@sckcen.be)

Boom clay is a thick deposit of over-consolidated marine clay, and belongs to the Oligocene series. Its
hydraulic conductivity has been investigated since many years in Belgium within the site characterization
program related to the performance assessment of potential geological disposal of high-level radioactive
waste in this formation. Recently, the work of Wemaere et al. (2008) shows a significant variability of the
hydraulic conductivity of the Boom clay. Indeed, they performed measurements on soil cores taken from
four distant boreholes at various depths. The vertical hydraulic conductivity was found to vary from 3 × 10-

12 to 10 × 10-12 m/s. It is suspected that this variability would be partly related to the water chemistry effects.
Indeed, De Craen et al. (2006) shows that the pore-water chemical composition of soil cores taken from
the Essen site is significantly different from that at the Mol site. If the pore water chemistry has strong
effect on the hydraulic conductivity, its effect on the mechanical behaviour needs to be investigated too.
The aim of this paper is to verify whether there are significant effects of pore-water chemistry on the soil
compressibility. This study would be helpful to transpose the knowledge obtained from the Mol site to
other sites of Boom clay formation where the geochemical components are different from the former site,
as the hydro-mechanical characteristics of Boom clay at the Mol site has been widely investigated since
the last decades (Bernier et al., 2007).

Two soil cores were taken from the Essen site at a depth of 227 m (Ess83) and 240 m (Ess96). Based on
the geochemical analysis presented by De Craen et al. (2006), synthetic water having similar chemical
composition of the in-situ pore-water was prepared (Table 1). The identification geotechnical
characteristics of these cores are shown in Table 2. It can be observed that the clay content (particle size
< 2 µm) is relatively high (more than 50%) and the soil can be classified as plastic clay.

In order to study the effects of pore-water chemistry on soil compressibility, oedometer tests were
performed following a specific procedure. After installation of the soil specimen (50 mm in diameter and
20 mm high) in the oedometer cell between two dry porous stones, the vertical stress was increased in steps
from 0.05 MPa to 2.4 MPa, which corresponds to the in-situ effective vertical stress of the soil cores
(before flushing the pore stone). After stabilisation of the soil deformation, a back-pressure of 1 MPa was
applied from the lower base of the odometer cell using a volume/pressure controller. For each soil core,

Table 1: Chemical composition of
synthetic pore-water (concentration g/l)

Table 2: Geotechnical identification
characteristics

Salt Ess83 Ess96 Core Ess83 Ess96
NaHCO3 3.009 3.009 Member Putte Terhagen
Na2SO4 3.712 4.126 Depth (m) 226.65-227.65 239.62-240.62
KCl 0.229 0.229 Gs 2.64 2.68
CaCl2.2H2O 0.385 0.422 wL (%) 70 69
MgCl2.6H2O 1.464 1.632 wp (%) 33 33
NaCl 15.976 18.002 e0 0.730 0.715

VBS (g/100g) 6.67 6.20
Clay content (%) 56 62
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one test was performed using the synthetic pore-water solution and another one using distilled water. The
soil volume change during the back-pressure application was monitored, Meanwhile, the volume of liquid
(synthetic pore-water solution or distilled water) passing though the soil specimen was also recorded. Each
test lasted about one month and it was stopped when the volume of liquid flow through the specimen was
twice the pore volume of the soil specimen. This duration is believed to be long enough to determine the
hydraulic conductivity under a constant head conditions (under a pressure gradient of 1 MPa). It's noted
that for the test using distilled water, the important volume of liquid flow through the soil specimen allows
all the in-situ pore-water to be flushed out from the specimen. At the end of this “flushing” stage, the back-
pressure was decreased to zero and loading and unloading were performed in steps with the vertical stress
ranging from 0.05 to 3.2 MPa. This test allows determination of the soil compressibility and also the
hydraulic conductivity at various void ratios, in the range of relatively low stresses (up to 3.2 MPa). An
example of the obtained results is shown in Figure 1 (hydraulic conductivity versus void ratio) and Figure 2
(compression curves) for core Ess83. The result shows that the hydraulic conductivity is almost
independent of the pore-water used. By contrast, the soil compressibility clearly changes when the pore-
water was replaced by distilled water (Parallel sample). Note that the void ratios of the two samples after
initial loading-unloading-reloading (0.05-2.4 MPa) are similar (e = 0.597). During the first unloading
(vertical stress decreases from 2.4 to 0.5 MPa), the void ratio increases, and the final value of void ratio
in the case of distilled water (e = 0.883) is slightly higher than that with synthetic solution (e = 0.852).
That means the swelling index (upon unloading) of the soil increased when distilled water was used.
During the subsequent loading, the sample with distilled water shows a larger compressibility; its final void
ratio under a vertical stress of 3.2 MPa was 0.525 while the final void ratio of synthetic water was 0.553.

As a conclusion, this study shows the preliminary results on the effects of pore-water chemistry on the
hydro-mechanical behaviour of Boom clay. It can be observed that the relation between hydraulic
conductivity and void ratio is insensitive to the liquid chemistry while the soil compressibility increases
when the in-situ pore-water is replaced by distilled water. Future works are needed to further investigate
these effects.

References:
Bernier, F., Li, X. L., Bastiaens, W., 2007. Twenty-five years’ geotechnical observation and testing in the

Tertiary Boom clay formation. Géotechnique, 57(2) 229-237.

De Craen, M., Wemaere, I., Labat, S., Van Geet, M., 2006. Geochemical analyses of Boom Clay pore
water and underlying aquifers in the Essen-1 borehole. SCK•CEN external report (REPORT SCK•CEN-
ER-19), Belgium.

Wemaere, I., Marivoet, J., Labat, S., 2008. Hydraulic conductivity variability of the Boom Clay in north-east
Belgium based on four core drilled boreholes. Physics and Chemistry of the Earth, 33(S1) 24-36.

Figure 1: k-e. Figure 2: e-logσv curve.


