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1. Introduction

In the design process of geo-environmental engineering projects, the use of soil mechanics experiments and
specially permeability results has a noticeable impact [1]. In other words, one of the main parameters in the design
process of waste disposal sites and earth dam design is the soil permeability. However, in geotechnical and geo-
environmental projects there is a lack of attention to the influence of clay mineral type and variation of properties of
soil pore fluid on the error associated with soil mechanics experiments. For these reasons, in this research the
influence of clay mineral type and properties of soil pore fluid on the errors of consolidation and permeability
coefficients are investigated.

2. Methodology

To achieve this objective, around 100 consolidation tests and 100 atomic absorption spectrometer tests were
performed. The experiments were performed upon series of bentonite samples with different concentrations of lead
as a heavy metal contaminant. In addition, to investigate the influence of soil pore fluid properties upon errors of
soil mechanics experiments from micro-structural point of view, XRD and SEM experiments were performed on
those soil samples. Tables 1 and 2 show some of the geotechnical and geo-environmental properties of bentonite
sample. Based on the carbonate content and cation exchange capacity of bentonite sample, three different
concentration (low, medium, and high) of lead nitrate was used in this research.

Table 1. Geotechnical properties of bentonite sample.

Characteristics Quantity measured
Liquid limit, % 318.9
Plasticity index, % 284.2
Soil classification CH
Clay fraction, % 76
Silt fraction, % 24
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Table 2. Geo-environmental engineering properties of bentonite sample.

Characteristics Quantity measured
Carbonate Content (%) 8
pH 9.9

Na* (cmol /kg) 40.8
Ca®* (cmol /kg) 7.55
Mg?* (cmol /kg) 1.46

K* (cmol /kg) 0.42
CEC (cmol /kg) 50.23

Experiments of this research were performed in accordance to ASTM standard [2]. In addition, CEC of bentonite
was determined by the use of barium chloride method [3]. For several consolidation tests of this research, the error
associated with experimental results were compared and discussed. Finally, the coefficient of variations (COV) of
experiments as a function of contaminant concentration are presented and compared.

3. Results and discussion

The bentonite sample due to the presence of carbonate, large cation exchange capacity, and noticeable specific
surface area, shows very large contaminant retention. According to the achieved results of this research, as the
concentrations of heavy metals increase in soil pore fluid, due to the reduction in intensity of basal spacing of
montmorillonite, the compression index and expansion index of bentonite in consolidation tests decreas. For
instance, at the presence of 10 cmol/kg-soil of lead, 20% reduction in compression index and 13% reduction in
expansion index is observed. Furthermore, with an increase in heavy metal concentration more than contaminant
retention capacity of carbonate fraction (50 cmol/kg-soil), the minimum quantity for coefficient of variation for
consolidation test is observed.

4. Conclusions

According to the results of this paper, the permeability of soil is very dependent to the soil pore fluid properties.
For instance, the presence of 40 cmol/kg-soil of Pb causes a 1000 times increase in permeability coefficient of
bentonite. Furthermore, the variations of soil pore fluid properties which cause a change in properties of clay double
layer will have a noticeable influence on deviation of coefficient of variation of these two experiments. For instance,
the presence of 40 cmol/kg-soil of Pb in soil pore fluid causes a reduction in CoV of permeability from 17.7% to
9.8%.
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