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Abstract  

This study to determine the barrier potential of iguoriakhi soil was borne out of the need to source for cheap 

material to use as liner for sanitary landfill. Since Iguoriakhi is located at the outskirt of Benin City, it 

constitutes a vertitable location to site a sanitary landfill. One critical consideration in the establishment of a 

sanitary landfill is ensuring that the the underground water body is protected from pollution and synthetic liner 

materials are usually expensive. The study seeks to find out if the location soil can be used as barrier material 

for a proposed sanitary landfill in the location.The geotechnical engineering properties of the soil samples were 

carried out.These include sieve analysis tests, specific gravity tests, Atterberg limits tests, consolidation tests, 

permeability test, , shear strenght test, California Bearing Ratio, chemical analysis and X-ray diffraction 

tests.The specific gravity value of the soil was found to be 2.21.  The percentage of soil passing the No. 200 

sieve was 96.27% which implies that there is no coarse material in the soil mix while the percentage passing 

through sieve 0.001mm (hydrometer test) is 31.414%, this indicates that the soil is finely graded. The Atterberg 

Limit test result shows that the Liquid limit of the soil is 69.58%, the Plastic Limit is 23.78g/cm
3
, the plasticity 

index is 45.80% while the linear shrinkage is 14.29%, the soil can be described as high plasticity clayey (CH) 

soil of fairly high swell shrinkage characteristics. The coefficient of permeability was ˉ
08

m/sec 

implying that the location soil is sufficiently clay have huge potential to be used as liner material for landfill. 

The tests and analyses reveal that the soil meets most of the established standards of liner materials according to 

the ASTM standards.  This goes to show that Iguoriakhi soil has great potential to be used as barrier material for 

sanitary landfill. The implication of this is that sanitary landfill infrastructure can be designed and constructed 

with little or no cost burden on the aquisition of expensive synthetic material as liners. 
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INTRODUCTION 

Soil liners are used as barriers to prevent the 

migration of pollutants into natural resources such as 

ground water. Barrier layers in cover systems are an 

integral component of landfill design to prevent 

exposure of toxic constituents to the environment. 

Protection of the barrier layer from burrowing 

animals, wind and water erosion, wet-dry cycles, and 

freeze-thaw cycles is crucial to the success of the 

landfill closure [1]. Barrier layers in landfill covers 

must have low hydraulic conductivities to minimize 

fluid flow. Compacted soil layers (CSLs), or 

manufactured geosynthetic clay liners (GCLs), are 

used to achieve the low saturated hydraulic 

conductivity (permeability). CSLs attain a low 

permeability by compacting fine-grain soils wet of 

their optimum moisture content [2][3]. These efforts 

produce a dispersed soil fabric that is a barrier to 

fluid movements [3].  

 

Clay, being relatively impermeable to water, is also 

used where natural seals are needed, such as in the 

cores of dams, or as a barrier in landfills against toxic 

seepage (lining the landfill, preferably in combination 

with geotextiles)[4]. Compacted clay soils are 

commonly used as barrier materials in waste 

containment facilities. The selection of these soils as 

barrier materials is based on their saturated behavior, 

in particular the saturated hydraulic conductivity. In 

design, operation, and maintenance of landfills and 

other waste containment facilities, it is generally 

assumed that the clay is saturated during the entire 

life of the facility. In reality, the as-compacted clay is 

unsaturated and does not necessarily become 

saturated. This is particularly true for cover liner 

systems. Unsaturated properties and behavior of 

compacted clay soils must be well understood and 

quantified for better prediction of the performance of 

the soil as a barrier material [5]. 

 

The use of clay liners below waste disposal sites to 

protect underlying ground water resources has 

become a contentious issue following experimental 

and field evidence of failure due to clay-leachate 

incompatibility and other factors [5]. While some 

jurisdictions require clay-only barriers, others require 
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synthetic liners often combined with clay liners and 

drainage systems. 

 

The purpose of a clay barrier is to reduce the 

chemical flux exiting from a landfill site to a level 

sufficiently low that subsequent groundwater dilution 

renders the water completely safe. The safety of the 

ground water is pertinent as it ensure the extraction of 

safe drinking water from the location on which the 

landfill is to be situated. 

 

Iguoriakhi which is located in the outskirt of Benin 

City, Edo State, Nigeria can serve as a suitable 

location for the establishment of a sanitary landfill. 

Since economic consideration is a principal factor in 

the establishment of a sanitary landfill, the 

availability of sanitary liner material in the location 

will drastically reduce the cost of establishing a 

sanitary landfill. This informs the desire to study 

Iguoriakhi soil to determine it potential as barrier or 

liner material for sanitary landfill. 

 

Various researchers have attempted to work on the 

suitabililty of various soils for use as barrier soils in 

waste disposal sites viz: [6], [7], [8], [9]. 

 

MATERIALS AND METHODS 

Soil Sampling and Location of Study  

The clay sample used in this study was collected 

from Iguoriakhi waterside area of Edo state. Figure 1 

shows the location of the study area where the 

samples were collected. Ovia South West is a local 

government area of Edo state, Nigeria. Its 

headquarters are in the town of Iguobazuwa it has an 

area of and a population of  at the 

2006 census. It lies between latitudes  

and longitudes  elevation  

 
Figure 1:Iguobazuwa map showing the location of collected samples. [10] 
 

Laboratory Testing 
The following geotechnical investigations were 

conducted on the samples in accordance with [12]: 

Natural moisture content, specific gravity, particle 

size analysis (sieve analysis & hydrometer), 

consistency tests (liquid limit, plastic limit and 

shrinkage limit) compaction Test, California Bearing 

Ratio (CBR), shear strength, triaxial test, 

consolidation test, permeability test, stabilization of 

the soil with lime and cement. 

 

The investigations were undertaken in order to 

determine the effects of the geotechnical properties of 

the soil as a potential barrier material and proffering 

waste contamination control and management 

measures. 

 

X-ray and Chemical Analysis 

The X – ray diffraction method was used for the 

identification of clay minerals present in the soil.  

 

Three specimens were prepared from the clay soil 

sample selected for testing as follows: 

a. Untreated specimen. 

b. Specimen treated with ethylene glycol. 

c. Heat treated specimen  

d.  (about 600°c). 

 

RESULTS AND DISCUSSION 

Results of the Geotechnical Properties of the Soil 

Sample 

The summary of the test results of the geotechnical 

properties of the clay sample used as barrier for waste 

are presented in Table 1. 
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Table 1: The Geotechnical Properties of the 

Iguoriakhi Soil 
Test/Properties of the 
clay soil sample  

Results/Values 

Natural moisture 

content % 

36 

Specific gravity 2.21 

B.s Wet sieve No. 
200(75µm) % 

96.27 

Hydrometer Analysis 

sieve No. 
618.4(0.001µm) % 

31.414 

Moisture content 

(compaction) Average 

bulk density kg/m³ 

1650 

Optimum moisture 

content(OMC) % 

28 

Maximum dry 

density(MDD) g/cm³ 

1450 

Atterberg Liquid 

limit(LL) % 

69 

Plastic limit(PL) g/cm³ 24 

Plastic index(PI) % 45 

Linear shrinkage(LS) 

% 

14.29 

CBR soaked 

Top(2.5mm) 

0.743 

Soaked Top(5.0mm) 0.712 

Soaked 

Bottom(2.5mm) 

0.537 

Soaked 
Bottom(5.0mm) 

0.603 

Unsoaked Top(2.5mm) 0.826 

Unsoaked Top(5.0mm) 1.014 

Unsoacked 

Bottom(2.5mm) 

1.65 

Unsoaked 

Bottom(5.0mm) 

1.644 

Triaxial angle of 
shearing resistance 

(deg) 

6° 

Triaxialcohension(C) 

kN/m² 

38 

Consolidaton 

settlement at Maximum 

load of 63kg kN 

1.424 

Consolidation 
Coefficient of 

permeability(K) m/s 

 8־10 × 1.066

Permeability 
Average(K) cm/s 

⁶־10 × 3.6896  

Clay minerals 

identified using Xray 

Phlogopite, chrysotile, Osumilite, 

Hematite, Kaolinite, illite, 

Muscorite, Dickite, Lizardirite, 
Montmorillorite, Quartz 

 

The specific gravity value of the soil was found to be 

2.21. This indicates a weak soil material comprising 

of predominantly fine material. The percentage of 

soil passing the No. 200 sieve was 96.27% which 

implies that there is no coarse material in the soil mix 

while the percentage passing through sieve 0.001mm 

(hydrometer test) is 31.414%. On the average, the 

percentage passing through sieve 0.001mm is less 

than 35%; this indicates that the soil is finely graded. 

Barrier soils should have at least 30% fines [9] [13] 

and 15% clay to achieve hydraulic conductivity ≤ 1 × 

10
-7

 cm/s [14]. Further hydrometer tests gave more 

weight to the presence of clay in the soil mix.  

 

The Atterberg Limit test result shows that the Liquid 

limit of the soil is 69.58%, the Plastic Limit is 

23.78g/cm
3
, the plasticity index is 45.80% while the 

linear shrinkage is 14.29%. The liquid limit of 

69.58% is quite adequate as a barrier material 

because soils with high liquid limit generally have 

low hydraulic conductivity and [13][14] 

recommended that liner materials be at least 20%. 

However soils with very high liquid limits have poor 

volume stability and high shrinkage swell potentials 

[15]. Most of the specifications for soil liners 

proposed by various researchers do not generally 

prescribe any limit (maximum value) for their liquid 

limit. The result of the plasticity index with the liquid 

limit was found to be above the A-line indicating the 

predominance of clayey minerals. So far, the soil can 

be described as high plasticity clayey (CH) soil of 

fairly high swell shrinkage characteristics. 

 

The result of the compaction tests shows that the 

value of Maximum Dry Density of the soil is 

1.45g/cm
3
 while the values for the Optimum 

Moisture Content is 28%. The high water content of 

the soil indicates that the clay has high plasticity. 

However, extremely high plasticity soil becomes 

sticky when wet and then becomes difficult to work 

with in the field. Also high plasticity soil forms hard 

lumps when they are dry and are difficult to 

breakdown during compaction. The hard lump, if not 

susceptible to desiccative cracking becomes very 

difficult to be used. The result of the triaxial test 

shows that the values for Angle of Internal friction 

obtained is 6.0° while the value of cohesion is 

38kN/m
2
.   

 

The values of the coefficient of consolidation were 

obtained from the consolidation test and permeability 

tests. The coefficient of permeability was 

ˉ
08

m/sec implying that the location soil is 

sufficiently clay have huge potential to be used as 

liner material for landfill.[13] These values were 

obtained from the consolidation tests using the 

Oedometer with confirmatory tests from the Falling 

Head Permeability tests. Most of the ASTM[16] and 

EPA[17] guidelines are in agreement in specifying 

that the minimum permeability coefficient of the soil 

to be considered as barrier or liner material for 

sanitary fill must have a lower bound value of more 

than 10
-5

m/s and higher bound value of about 10
-

12
m/s.  EPA[17], specifically stated that the hydraulic 

conductivity of most Geosythetic clay liners products 

ranges from about 1 x 10
-5

cm/sec to less than 1 x 10
-

12
cm/sec.  Permeability tests carried out for the soils 

obtained from Iguoriakhi were found to be in the 

upper bound region of coefficient of permeability, 

thus making it suitable as a barrier material according 

to EPA standards. 
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California bearing ratio gives indication of the 

strength of the soil regarding its ability to high 

penetration load. Soils with low CBR values are 

usually regard as weak soils for civil engineering 

works but adequate enough as landfill material 

because of the high water holding capacity. The 

unsoaked CBR of the soil tests range from 0.513 to 

0.712 while the soaked CBR was between 0.826 and 

1.644. This low value of CBR means that the soils 

meet the minimum specification to be used as barrier 

or liner material for landfill operation. 

 

Results of the Chemical Analysis of the Soil 

Table 2, shows the summary of the chemical analysis 

of Iguoriakhi soil. 

 

 

Table 2: Results of chemical analysis in percentage 

 

The organic content determination by AAS 

MODELSOLAAR 969 UNICAM SERIES and Air 

Acetylene Flame showed the presence of 1.66% 

organic matter which can have unpredictable effects 

on the soil, for example, swelling and shrinkage 

potential is increased due to organic content. The pH 

value of 5.1 which is acidic indicates low hydraulic 

conductivity, which is a desirable quality in a 

containment barrier material, these was determined 

using 0.25m (1: 1) Nitric acid and sulphuric acid, the 

conductivity value of 670µs/cm confirms this. Also, 

the tests shows the alkalinity (OHˉ) which is 

106.8ppm, the present of Nitrate (NO3ˉ) which is 

75ppm, some amounts of calcium, magnesium and 

sodium oxides including Nitrite (NO2ˉ) which is not 

present in the soil. 

 

Evaluation of X-Ray Diffraction Test 

X – Ray diffraction analysis of the fraction of the 

soils passing No. 200 B. S. sieve show little variation 

in the mineral content of the soils. Some of the clay 

minerals identifiable are osumilite, hematite, 

kaolinite, montmorillorite and quartz. This analysis, 

agrees with previous work carried out on clay as 

barrier materials which showed primarily that illite, 

kaolinite and montmorillonite (a smectite) and the 

chain structure minerals, as some of the common 

components of barrier clays, [18]. 

 

It was observed that the clay minerals in the sample 

are Kaolinite with 67.2%, Hematite 63.6%, Quartz 

58.8%, Montmorillorite 43.2%, Illite 39.5% e. t. c.  

Osumilite was also identified in the sample which has 

a high iron (Fe) content, and a hardness value 

between 5 – 6 on the Moh’s scale of mineral 

hardness, this indicates that it is a desirable 

component of the barrier clay soil, because its 

presence makes the soil hard and less porous while 

allowing a reduced seepage.  

 

CONCLUSION 

From the laboratory tests as well as the chemical 

analysis and X-ray diffraction analysis carried out so 

far, it is apparent that the location soil is sufficient 

clayey and impervious to be used, in its natural state, 

as materials for liner in sanitary landfill. It is worthy 

of note that the material is slightly insufficient to be 

used as composite material in Geo-Synthetic Clay 

Liner due to insufficient amount of bentonite in the 

clay mix.  

 

The soil for which analysis was carried out for barrier 

potential was found to meet most of the 

categorisations to be used as liner in sanitary landfill. 

It is therefore recommended for the intended purpose.  
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