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ABSTRACT
This study investigates the eect of bitumen addition on the long-term permeability of
bitumen mixed sabkha soil. Results will be used to evaluate the eectiveness of using the
bitumen mixed sabkha soil as hydraulic barriers to leachate percolation. Eight percent
bitumen (by dry weight of sabkha) was selected as a mixing percentage based on density
results obtained from modi®ed Proctor tests carried out on sabkha soil samples mixed with
dierent bitumen contents. Long-term permeability studies using distilled water were carried
out on undisturbed, natural compacted and 8% bitumen mixed sabkha soil samples.
The results displayed signi®cant reduction in the initial and long term permeability
values of the 8% bitumen mixed sabkha, as compared to the natural compacted sabkha
soil. The reduced permeability values of the 8% bitumen sabkha soil are still higher than
the recommended value for soil liners. The results also clearly show that sabkha soil
compaction, which is the general practice for liners preparation in Kuwait, is not an
eective process.
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INTRODUCTION
Kuwait is located in the northwest of the Arabian Gulf. High economic and
industrial growth in Kuwait in the last three decades has created industrial and
urban wastes disposal problems. There are more than 5,000 industries, and as a
result, more than 47,169 tonnes of industrial wastes are produced every year in
Kuwait (Alhumoud & Al-Kandari, 2008). The solid waste generated per capita is
1.37 kg/d, which is among the highest in the world (Hamoda, 1997). Safe disposal
of the generated wastes creates a major problem in Kuwait. These wastes have a
serious environmental impact since they are disposed of by dumping and are very
rarely recycled or valorised (Alhumoud & Al-Kandari, 2008).
Land®lls in Kuwait act as dumping grounds rather than safe disposal sites
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(Al-Yaqout & Townsend, 2001). Old sand quarries that do not follow any
speci®c engineering guidelines received almost 95% of all solid wastes generated
in Kuwait during the last ten years (Al-Yaqout, 2003). These land®ll sites
receive all kinds of wastes such as food wastes, oil products, debris, dead
animals, agricultural wastes, chemical wastes, wastewater, and sewage sludge
(Al-Yaqout et al., 2005). The municipal solid waste disposal sites (MSW) receive
various types of waste materials, like sewage sludge and chemical waste. These
waste products contain high quantities of heavy and toxic metals (Al-Yaqout,
2003).
Large amounts of leachate are generated from these land®lls during periods
of seasonal rain due to the improper disposal of dierent types of waste. The
generated water and water-soluble compounds from these land®lls pose a
serious threat to the underground environment, especially in shallow
groundwater table areas. The characteristics of leachate formed indicate a high
organic content and the presence of heavy metals, salts and nutrients (AlYaqout et al., 2005). Furthermore, the basic tools that assist in the protection of
the environment, such as base liners, ®nal covers, and leachate collection
systems, are not included in these land®lls (Al-Yaqout & Townsend, 2001). As
reported in the Hazardous Waste Disposal Report issued by Eco-Environmental
Consultants Firm, Environment & Community Onward (1999), in certain
industrial areas, like Shuaiba, a pit, which was not lined or designed in a sound
environmental way to handle such waste, used to exist for the disposal of
hazardous waste without any kind of segregation for the hazardous waste or
monitoring of leachate and its migration.
Along the southern coastal areas of Kuwait sabkha ¯ats are scattered,
irregular, dierently sized, unconsolidated to slightly consolidated heterogeneous
deposits (Al-Hurban & Gharib, 2004). Sabkha soils are characterised with high
salt concentration. The major precipitated salts in these soils, which act as
cementing agents, are gypsum, carbonates and chlorides (Ismael et al., 1986).
Geotechnical properties of sabkha soils are highly aected by salts dissolution.
The amount of ¯ow, and consequently the permeability of sabkha, correlates very
well with the concentration of sodium and chloride ions (Al-Amoudi &
Abduljauwad, 1995). The phenomenon of salts dissolution was also investigated
by Al-Otaibi (2006) using long-term leaching tests on similar contaminated and
natural salt-bearing soils in the southern area of Kuwait. In that study, Al-Otaibi
reported that the in¯uence of leaching is proportional to the amount of soluble
salts removed due to leaching.
Vertical Darcy velocity has a signi®cant impact on the migration behaviour of
contaminants (Al-Yaqout & Townsend, 2005). Studies on natural Kuwaiti
calcareous sand, locally known as gatch, indicate that these soils are considered
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low-permeability soils. The researchers suggest that in situ gatch deposits could be
considered as a secondary barrier system beneath a liner (Al-Yaqout & Townsend,
2004). These cemented calcareous sands (gatch) could be used as liner and cover
systems in Kuwait by a compaction process (Al-Yaqout & Townsend, 2001). The
permeability values of compacted gatch were between 3.0210-5 and 17.0210-5 cm/
s, and drying and wetting cycles conducted on test pads and in the lab have
recorded increased permeability values (Al-Yaqout & Townsend, 2004). Most of
the studies on native soils in Kuwait, however, ignore long-term permeability,
which may be higher than the initial permeability. This may cause the leakage of
surface water from a dumpsite through the buried waste.
The major problem with sabkha soil is the existence of high salts
concentration. Moreover, the permeability is highly aected by soaking due to
the dissolution of these salts. It is important to note that the sabkha locations
satisfy most of land®ll sitting considerations, such as geologic and hydrologic
conditions, accessibility, available capacity, and other local and environmental
conditions. Land®lls in these areas should be designed to prevent migration of
waste leachate and to protect the soil and groundwater. Long-term permeability
should be considered because the hydraulic conductivity is the most important
property of compacted sabkha soils, and it is an evaluation criterion for their
use as liners. The increase in long-term permeability may allow waste ¯uids to
penetrate to the surrounding environment, which may pose a serious threat to
the human health and to the environment. One possible solution is to
incorporate a stabilised bitumen sabkha mixture that acts as an impervious
barrier between the contained ¯uids and adjacent soil or groundwater outside
the pit. The research in this ®eld is expected to shed some light on the potential
bene®cial use of sabkha soil, which is viewed as a waste material.
This study reports the eect of bitumen additions on both initial and long-term
permeability values of sabkha soil samples. The long-term permeability of a local
sabkha soil is investigated in order to evaluate the eectiveness of using these
materials as hydraulic barriers to leachate percolation. Furthermore, the
investigation compares the results with the soil compaction eect on sabkha soil,
which is currently the general practice in the construction of soil liners in Kuwait.

MATERIALS AND TESTING METHODS
Study Location
The study was performed on sabkha soil samples collected from a location south of
an industrial area in the south of Kuwait Figure 1(a).The sampling location, which
is shown in Figure 1(b), was selected so as to represent a ¯at sabkha soil, which may

134

Eect of bitumen addition on the long-term permeability of sabkha soil

be used as a proposed location for dumping waste liquids. The sampling location
was the closest possible to the industrial areas. Undisturbed and disturbed samples
were obtained at the ground surface from a virgin site of the area.

a. Location map of the study location
in southern Kuwait

b. The sampling site

Fig. 1. Location map of the study location in southern Kuwait and the sampling site.

Soil Sampling
The soil sampler consisted of a 25-cm long, open-ended steel tube. The inner
diameter of the soil sampler mould was slightly smaller than the inside diameter
of the permeability testing chamber to minimise the compaction of the soil
sample when pressing into it. The cutting mould had an integral bevelled cutting
edge for insertion into the soil. The inner side of the sampling tube was
lubricated to reduce wall friction on the soil sample.
The soil sampler was placed on the ground surface and pressed into the soil
slowly, steadily and vertically using a shovel bucket. The soil was excavated
around the cylinder and removed. The bottom face of the specimen was
trimmed ¯ush with the end of the cylinder and levelled using a sharp blade. Soil
sampling processes are shown in Figure 2.

Fig. 2. Soil sampling processes (placing, pressing and excavating around the mould).
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Undisturbed soil samples were kept in durable polyethylene bags away from
direct sunlight and excessive heat as shown in Figure 3. The soil was processed
quickly and carefully in the laboratory to minimize possible changes in the soil
conditions. Samples were carefully extruded from cylinders into test chambers
to reduce soil disturbance.

Fig. 3. Undisturbed soil sample from the location.

Disturbed surface soil samples down to 50 cm were collected from the same
location. The degree of compaction of the soil in the tested location was
obtained using the sand cone method. Dry density for the compacted soil layer
and the ®eld moisture content were calculated and recorded in order to prepare
laboratory samples that re¯ected ®eld conditions.

Samples Preparation
The collected, disturbed sabkha soil samples were oven-dried in the laboratory,
ensuring that the oven temperature did not exceed 60o C for three days, since
salt bearing soils are aected by employed temperature (Ismael, 1993). Soil
particles were gently crushed with a plastic hammer and materials were passed
through a 4.75-mm (No.4-mesh) sieve. Materials were thoroughly mixed,
homogenized and separated into three portions.
Two portions of the soil were prepared and compacted at a maximum dry
density and as ®eld conditions. The ®rst specimen was compacted at its respective
maximum dry density (MDD) and optimum moisture content (OMC),
corresponding to the value obtained in the Modi®ed Proctor compaction test. The
other sample was compacted to 87% of the maximum dry density of the modi®ed
Proctor test corresponding to the average density of the ®eld.
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A third soil portion was air-dried, weighed and mixed with 6%, 8%, and 10%
bitumen by weight. The cut-back bitumen was made of the speci®c percentage of
bitumen and an added percentage of kerosene, as per the manufacturers speci®cation.
These percentages were used because several studies revealed that the geotechnical
properties of the soils were improved with 3% to 10% bitumen addition.
The cut-back bitumen and sabkha soil were manually mixed for one minute as
shown in Figure 4. As the soils tended to lump together, considerable care and
time was spent to achieve a homogeneous distribution of mixture. The mixture was
re-mixed for one minute using a mechanical mixer. The mixture was then ovendried to a maximum temperature of about 60o C for three days to simulate ®eld
condition and to evaporate the material used for the cut-back bitumen.

Fig.4. Mixing of samples to reach a homogeneous distribution of mixture.

The bitumen sabkha mixture was then stored in sealed plastic bags, and
characterisation tests were carried out the following day. Prior to testing, the
cured specimens were conditioned at the required test temperature in an
environmental conditioning cabinet.

Index Properties
Natural and bitumen mixed sabkha soil samples were subjected to identi®cation
tests to determine their physical properties. Since the collected soil samples
contained a considerable amount of ®nes, both mechanical sieve and
hydrometer analyses were performed according to ASTM D422. Particle size
distribution D10, D30, D60, the uniformity coecient (Cu), and the coecient of
curvature (Cc) were determined.
The liquid and plastic limits tests for natural sabkha were carried out according
to ASTM D4318 and the plasticity index (PI) was calculated from these two
values. Sabkha soil samples were classi®ed according to the Uni®ed Soil
Classi®cation System (ASTM D2487).The speci®c gravity (Gs), or particle density
of dierent soil samples, was determined using a pycnometer according to ASTM
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D854 and values were determined from an average of two tests. Modi®ed Proctor
compaction tests were performed according to ASTM D1557 to achieve the
compaction characteristics, i.e. the optimum moisture content (OMC) and
maximum dry density (MDD) for natural and bitumen mixed sabkha soil samples.
Furthermore, a sabkha soil chemical characterisation test was conducted in
accordance with Kuwait Institute for Scienti®c Research (KISR).

Coecient of Permeability
Standard permeability test was not suitable for the bitumen mixed sabkha soils due
to very low permeability values. The selected method for measuring permeability is
not a standard but was used by several researchers for measuring very low
permeability values (Alotaibi (2006) and Al-Otaibi & Wegian (2012)). A pressure
cell test shown in Figure 5 consisted of a hollow plexiglas cylinder with a 3.0 mm
thick wall, an outer diameter of 110 mm, and a total length of 125 mm. A porous
stone, 3 mm thick, was placed on the top and bottom of the soil sample. The upper
porous stone was used to distribute the leaching solution as uniformly as possible
over the cross-sectional area of the soil sample, while the lower stone was used to
prevent soil washout. Rubber O-rings were sandwiched between the cylinder and the
top cap and the bottom plate, to prevent leaking. The cell was used to investigate the
long-term permeability for natural and 8% bitumen mixed sabkha soils.
Permeability tests were carried out on four dierent samples. The three natural
samples were undisturbed, compacted to their maximum dry density, and
compacted to ®eld conditions. The fourth test was carried out on an 8%-bitumen
mixed sabkha sample compacted at its maximum dry density. Experiments were
conducted in controlled temperature rooms with a variability of  0.5o C.

Fig.5. Permeability cell.
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Distilled water was passed through the soil under a constant applied air
pressure of 7.0 psi. The applied represent a hydraulic gradient of 40, which was
selected based on the authors' experiences with these soils to increase the
leached pore volumes at a reasonable time. The quantity of water, Q ml, ¯owing
through the sample in a speci®c period of time (t seconds) under the applied
hydraulic gradient eect was measured, and Darcy's Law was then applied to
obtain the coecient of permeability k. For each test, the cell was weighed
empty, and the soil was weighed dry before packing. The cell was then packed
wet and weighed. The dierence between the dry cell plus the dry soil and the
packed, saturated column was equal to the water pore volume. Using 7 psi
pressure yielded the required amount of pore volumes within a time of 20 and 50
days for the natural and bitumen mixed sabkha soils, respectively.

RESULTS AND DISCUSSION
Soil Characterization
Chemical analysis

The chemical analysis of the tested sabkha soil sample for this study is shown in
Table 1. The predominant component in the sabkha soil was silicon dioxide
with a percentage of 47.21%, followed by calcium carbonate of 17.05% and
calcium oxide of 14.16%. Results are in good agreement with those reported for
other sabkhas in southern Kuwait (Al-Otaibi, 2006). The speci®c gravity value
of the soil is 2.72, which is within the range of the speci®c gravity values of
southern sabkha soils in Kuwait, as reported by Ismael (1993).
Table 1. Chemical composition of sabkha soil sample
pH
8.30

SiO2
%
47.21

CaO
%
14.16

MgO
%
2.10

Fe2O3
%
1.76

Al2O3
%
3.85

Na2O
%
1.24

SO42%
10.17

CaCO3
%
17.05

Soil Physical Properties

The grain size distribution curves resulting from the sieve and hydrometer tests
for natural and 8% bitumen mixed sabkha soils are shown in Figure 6. As can
be seen from the ®gure, the 8% bitumen mixed sabkha becomes marginally
coarser than the natural sabkha. Soil aggregation may be attributed to the eect
of the adsorbed bitumen on the soil particle surfaces. Similar results have been
observed in several studies on contaminated oil residue and bitumen-stabilised
soils and were attributed to an adsorbed viscous layer (Al-Otaibi, 2006; Basma
et al., 1994).
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The liquid and plastic limits for the natural sabkha were 38 and 22,
respectively. The bitumen sabkha was non-plastic; therefore, the liquid and
plastic limits could not be measured. The coecient of uniformity (Cu) and
coecient of curvature (Cc) were 3.98 and 0.862 for the natural soil and 4.43
and 0.90 for the 8% bitumen mixed sabkha soils, respectively. The Cu and Cc
values indicate that both the natural and 8% bitumen mixed sabkha soils are
classi®ed according to Uni®ed Soil Classi®cation System as poorly graded SP.
Soil gradation results are in good agreement with ®ndings reported by Al-Otaibi
(2006) on his investigations on oil lakes residue stabilised sabkha soils.
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Fig. 6. Grain size distribution for natural and 8% bitumen mixed sabkha soils
Compaction Results

Modi®ed Proctor compaction tests were carried out on natural and 6%, 8% and
10% bitumen mixed sabkha soil samples in order to establish their compaction
parameter values for the range of oil residue addition. Results of compaction
tests on dierent sabkha soil samples are shown in Figure 7.The maximum dry
density values were 1883.0 kg/m3, 1900.0 kg/m3, 1920.0 kg/m3 and 1875.0 kg/m3
for natural 0%, 6%, 8% and 10% bitumen mixed sabkha soil samples,
respectively. The corresponding OMC values were 13.1%, 12.5%, 9.6%, and
9.2% for natural, 6%, 8% and 10% bitumen mixed sabkha soil samples,
respectively.
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Fig. 7. Moisture content-dry density relation curves.

The Moisture content-dry density relation curves reveals an increase in the
maximum dry density value for the 8% bitumen mixed sabkha soil sample, from
1883.0 kg/m3 for natural sabkha to 1920.0 kg/m3 for 8% bitumen mixed sabkha
soil sample. This represents an increase of 2.0%. On the other hand, OMC
values decreased from 13.1% for natural sabkha to 9.2% for 8% bitumen mixed
sabkha, which represents a reduction of 30.0%.
The relationship between the maximum dry density values and the bitumen
content is shown in Figure 8.This ®gure clearly shows that the compaction
characteristics of the sabkha soil are modi®ed by a bitumen addition of up to
8%. Beyond that percentage, the maximum dry density decreased dramatically
to a lower value. It can be observed that 8% bitumen content was most
bene®cial in reducing the optimum moisture content and increasing the
maximum dry density of the sabkha soil.
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Fig. 8. Variation of MDD with bitumen content.

The increase in the maximum dry density may be attributed to the higher
compactness of the 8% bitumen mixed than the natural sabkha soil samples.
The viscous bitumen layer facilitated the sliding of soil particles, and denser soil
was reached at lower moisture content.
Since the main purpose of a bitumen addition was to reduce soil permeability,
density was taken as a measure of the compactness of the soil. Higher soil density is
a measure of lower voids and alternatively a low permeable layer. Eight percentage
of bitumen, which gave the highest density, was selected for the leaching test.

Coecient of Permeability Measurements
This part of testing was carried out to assess the eect of soil compaction and
the 8% bitumen addition on the initial and the long-term coecient of
permeability values of the sabkha soils. Permeability test results for the dierent
tested soil samples are displayed in Figures 9 and 10. These ®gures show the
permeability coecient, k, as a function of percolated pore volumes.
Figure 9 shows the results for the undisturbed and compacted as ®eld
conditions soil samples. The purpose of this ®gure is to select the best
representative results for the ®eld to compare it with other soil samples. The
initial coecient of permeability for undisturbed and compacted as ®eld
condition soil samples were 7.00x10-08 m/s and 3.35x10-08 m/s, respectively,
which represents an increase of 44% from the compacted value.
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Fig. 9. Variation of coecient of permeability with percolated pore volumes
for undisturbed and compacted soil samples.

With continuous water percolation, both values of the coecient of
permeability increased, which may be attributed to salts dissolution in the
sabkha. The rate of increase in the coecient of permeability values was higher
in the undisturbed soil sample than in the compacted as ®eld conditions. For
the undisturbed sample, the coecient of permeability increased to 1.28x10-07
m/s at the end of testing. The dierence in the coecient of permeability, k,
between the undisturbed soil sample and the compacted soil sample as ®eld
conditions at some stages reached a factor of 2.56. This variation may be
attributed to the dierence in the soil particles packing between the
undisturbed and compacted as ®eld conditions soil samples. Higher coecient
of permeability values for the undisturbed soil sample may have been caused
by a disturbance of soil sample at or near the container wall during sampling
or extraction in the testing chamber. Fissures and cracks may have originated
in the soil sample during extraction in the testing chamber, which may have
created wider channels and caused higher permeability. It can be seen from
Figure 9 that the coecient of permeability values for the undisturbed soil
sample increased dramatically with more percolated pore volumes. It was
decided upon the previous results to ignore the data of the undisturbed soil
sample due to disturbance. The compacted as ®eld conditions soil sample was
considered to represent the natural ®eld sample.
Figure 10 shows the variation of permeability with percolated pore
volumes for the natural compacted as ®eld conditions, natural compacted to
maximum dry density and 8% bitumen mixed sabkha soil samples. The initial
coecient of permeability values for the maximum dry density and 8%
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bitumen mixed sabkha soil samples were 1.54x10-08 m/s and 9.70x10-09 m/s,
respectively. These initial values represent 46% and 29% of the initial
coecient of permeability value for the compacted as ®eld conditions soil
sample. The lower value of the coecient of permeability of the compacted
soil samples may be attributed to the increase in the dry density of the
specimens due to compaction, resulting in a reduction of void ratio and,
subsequently, a reduction in the permeability of the soil. A higher reduction
in the initial coecient of permeability values for the 8% bitumen mixed
sabkha soil sample may be related to the higher reduction in the dry density
of the compacted sample, which led to closer packing of soil particles. In
addition, the existence of adsorbed bitumen on the soil particles reduced the
void ratio and partially closed channels between soil particles. These results
are in a good agreement with previous studies on contaminated soils.
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Fig. 10. Variation permeability with leached pore volumes for natural
and 8% bitumen mixed sabkha.

The in®ltration rate increased at dierent rates with continuous percolating
for the three tested soil samples. The increase in the in®ltration was more rapid
in the compacted as ®eld conditions and the compacted to maximum density
natural sabkha soil samples. A slower rate of increasing in the in®ltration was
observed in the 8% bitumen mixed sabkha soil. At the stage of 25 leached pore
volumes, the coecient of permeability for the maximum dry density specimen
was 3.65x10-08 m/s, representing a reduction of 37% from the compacted as ®eld
condition soil sample value. In contrast, a higher reduction occurred in the
coecient of permeability for the 8% bitumen mixed sabkha soil sample, where
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the value of the coecient of permeability was 1.25x10-08 m/s, representing a
reduction of 78% from the compacted as ®eld conditions sample value at the
same stage. The higher in®ltration rate in the compacted as ®eld conditions
sample may be attributed to the wider opened channels between soil particles
due to the dissolution Cl-, SO4-2, and Ca+2 ions (Al-Otaibi & Wegian, 2012; AlAmodi & Abduljauwad, 1994). The created voids were expected to be lower in
the compacted to the maximum dry density soil sample due to closer soil
particles packing. Similar ®ndings were reported by Ismael and Mollah (1998)
and Al-Nouri and Saleam (1994) for cemented soils and gypseous sandy soils,
respectively.
The reduction in the coecient of permeability value in the 8% bitumen
mixed sabkha might be attributed to the waterproo®ng eect of the adsorbed
bitumen on the soil particles surfaces, which reduced the dissolution of salts and
alternatively reduced the creation of more voids.
With continuous testing, there was a slight increase in the coecient
permeability values for the bitumen mixed sabkha soil sample. The coecient of
permeability values at the last stages of testing was 3.93x10-08 m/s and 1.55x10-08
m/s for the maximum dry density and 8% bitumen mixed sabkha soil samples,
respectively. Compared to the coecient of permeability of the compacted as ®eld
conditions soil sample at the same stage of testing, the previous values represent a
reduction of 44% and 77% for the maximum dry density and 8% bitumen mixed
sabkha soil samples, respectively. Reduction in the permeability values of the 8%
bitumen mixed sabkha sample is in good agreement with those reported by
dierent researchers on contaminated soils (Al-Otaibi, 2006; Garbulewski &
Zakowicz, 1998). In these studies on contaminated sand, an average reduction in
the coecient of permeability was ranging between 10-30%.
The variation in the coecient of permeability values due to compaction and
bitumen addition with respect to their initial values are presented in Figure 11.
The coecient of permeability of the compacted soil increased to 2.5 folds after
30 pore volumes, whilst the 8% bitumen mixed sabkha sample reached 1.3 folds
at the same stage of testing.

Eect of bitumen addition on the long-term permeability of sabkha soil

145

% Variation

3.000

ŽŵƉ ƚŽD

2.250

1.500

ϴйŝƚ͘ĂĚĚŝƚŝŽŶ

0.750

0

10

20

30

40

50

60

Pore Volume

Fig. 11. Variation in the coecient of permeability of compacted
and 8% bitumen content samples compared to their initial values.

The previous ®gure clearly shows a signi®cant improvement in the 8%
bitumen mixed sabkha soil sample when compared with the maximum dry
density natural one. Bitumen addition reduced the coecient of permeability of
the sabkha samples to more than 70% during the percolating period. This
reduction would indicate less salts dissolution and alternatively less voids. On
the other hand, in®ltration rates were high for the compacted to the maximum
dry density sabkha soil sample, which may be due to more salts dissolution.

CONCLUSIONS
The purpose of this work was to investigate the eect of bitumen addition on
the long-term permeability of bitumen mixed sabkha soil. Results were used to
investigate the possibility of using bitumen mixed sabkha soil as land®ll liners to
prevent or minimize the penetration of generated waste leachate into
groundwater. 8% bitumen (by dry weight of sabkha) was selected as a mixing
percentage based on soil density results. The undisturbed, natural compacted
and 8% bitumen mixed sabkha soil samples were percolated with distilled water
under 7 psi air pressures. Results obtained from this research show:
1 - The initial permeability of the 8% bitumen mixed sabkha soil sample was
reduced to 9.70x10-09 m/s, representing 63% of the initial coecient of
permeability of the compacted to the maximum dry density soil sample.
2 - At the end stages of testing, the coecient of permeability for the 8% bitumen
mixed sabkha reached 1.55x10-09 m/s, representing 34% of the coecient of
permeability of the compacted to the maximum dry density soil sample.
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3 - Results of this study are encouraging compared with other native soil
results, which gave higher permeability values. However the application of
this mixture cannot be recommended for liners construction since it is not
meeting the requirement for the permeability of liners (less than 1E-09 m/
s), bearing in mind the usage of this material should be in conformity with
domestic legislation.
4 - Additional researches need to be conducted on using higher bitumen
percentage to match the recommended value for land®ll liners construction
and to use leachate similar to liquid contaminants that may be poured into
a land®ll.
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