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ABSTRACT: With growth in population of the Federal University of Technology, Akure 
community, waste generation has equally increased. An earlier study had identified an area that was 
potentially suitable as a landfill site based on some spatial criteria. This study utilizes geophysical 
techniques to understand the subsurface conditions of the proposed site using Schlumberger electrical 
resistivity methods. Five traverses were established in perpendicular or near perpendicular directions 
to the general geologic strike. The traverses were used as guides for the location of twenty five vertical 
electrical sounding (VES) points. The VES interpretation results indicate the existence of a top soil 
that could be considered to be relatively competent. The existence of a deeply weathered layer makes 
the underground water system in the study area to be vulnerable to pollution, as leachates from wastes 
will escape into the groundwater regime if adequate protection is not provided. In addition, the curve 
types indicate fractured bedrock, and this poses further danger to the groundwater as the fractures 
will serve as conduits for leachates. Present results indicate that the study area can be utilized as a 
waste disposal facility, provided adequate protection can be put in place for the aquifers, especially 
since the depth to the basement ranges from 1.4 m to 10.0 m; this is enough for adequate excavation 
to be made for any waste disposal activity. The geological and geotechnical components of the study 
are under execution, and they will be integrated with the geophysical data to better understand the 
surface and subsurface field conditions in the study area. 
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INTRODUCTION 

With growth in population of the FUTA 
community, waste generation has equally 
increased. The cost of disposing of such wastes 
through contracting agencies has equally 
increased. These reasons have greatly 
influenced the need to search for a suitable 
waste disposal site on campus. 
The Federal University of Technology, Akure, 
Nigeria is situated on a 580-hectare site in the 
northwestern part of Akure, Ondo State capital 
(Figure 1). It consists of eight (8) Schools 

(faculties) with staff strength of about one 
thousand two hundred people, and student 
population of about eleven thousand.  
An earlier study by Atejioye and Anifowose 
(2005) identified an area based on spatial 
criteria. A major thrust of this research is to 
conduct a geophysical investigation on the 
identified area for the purpose of studying the 
sub-surface properties of the study area with 
regard to its use as a waste disposal site. 
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Figure 1: Location Map of the Federal University of Technology, Akure, Nigeria 

 
Source reduction, recycling and waste 
transformation methods are widely used to 
manage solid wastes (Guerrero et al., 2013; 
Abdel-Shafy and Mansour, 2018). However, 
there is always a high possibility of existence of 
residual matter even after the recovery process; 
and these have to be disposed off through 
landfilling methods. Municipal waste disposal 
siting has turned out to be a great issue 
especially because of the environmental 
awareness and agitation. Increase in world 
population has contributed to public health 
concerns, while suitable land is getting less 
available for landfill construction. 
Waste disposal siting is an extremely difficult 
task to accomplish because the site selection 
process depends on different factors and 
regulations. The nimby (not in my back yard) is 
both an important consideration and restraint to 
such site’s phenomenon (Erkut and Moran, 
1991). Some of the parameters impacting on the 
suitability of such sites are geological, 
hydrological/hydrogeological, topographic, 
ecological, climatic, geotechnical, social, and 
economic. The application of remote sensing 
and geographic information system (GIS) have 
played significant roles over the years in the 
selection of suitable sites for waste disposal. 
This is evident in the works of Atejioye and 
Anifowose (2005) and Anifowose et al. (2011). 

The studies generally considered the relevance 
of subsurface geology as a major contributing 
factor to successful siting of landfill. Also, the 
results of the study of Anifowose et al. (2011) 
show suitable areas where landfill sites can be 
safely and aesthetically located within the study 
area, putting urban growth rate into 
consideration. The studies demonstrated the 
potential and efficiency of using GIS in 
selecting sites for the storage of biodegradable 
solid wastes. While describing the role of 
geology in the evaluation of waste disposal 
sites, Ogunsanwo and Mands (1999) noted that 
the construction of waste disposal sites 
demonstrates the awareness of the need to 
protect the environment against pollution. 
Babalola and Busu (2011) applied GIS 
techniques in the selection of landfill sites for 
solid waste treatment in Damaturu town. They 
concluded that the efficacy of GIS and multi-
criteria decision making method in decision 
making in waste disposal site selection is not in 
doubt. 
The authors further stated that the selection of 
the site and construction materials as well as the 
hydrogeological/geochemical studies are very 
critical as the performance of the disposal site 
solely depends on these aspects. 
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Oyediran and Adeyemi (2011a) adjudged a site 
as suitable for landfill construction having 
investigated the site using geophysical methods. 
Sixty six (66) Very Low Frequency-
Electromagnetic (VLF-EM) and thirty six (36) 
Vertical Electrical Soundings (VES) points 
were carried out to determine the occurrence of 
linear structures, layer resistivity, depth to 

bedrock and identification of any confined or 
perched water bearing strata and subsurface 
features. It is on this premise that this research 
utilizes geophysical mapping techniques with a 
view to providing adequate information to 
confirm the suitability of the landfill site. 
 

 
MATERIALS AND METHODOLOGY

The electrical resistivity data were acquired 
over the study area using the R-50 Resistivity 
meter and its accessories. The dimension of the 
proposed dump site is 100m2. Five traverses 
with inter-traverse separation of 25m were 
established in perpendicular or near 
perpendicular directions to the general geologic 
strike in the study area. The study area was 
gridded and a total of twenty five vertical 
electrical sounding (VES) locations were 
occupied. The data acquisition map showing the 
spatial distribution of the VES points and 

geoelectric sections orientation are shown in 
Figure 2. The study adopted the Schlumberger 
electrode configuration. The survey was carried 
out by gradually expanding the electrode 
spacing about a fixed centre of the array. The 
electrode spread of AB/2 was varied from 1 m 
to a maximum 100 m. The apparent resistivity 
of each electrode separation at every VES 
station being investigated was determined by 
multiplying the ground resistance (R) value by 
the corresponding geometric factor (K).  

 

 
Figure 2: Geophysical data acquisition map showing VES points and geoelectric sections 

orientation 
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Data Processing and Interpretation 
The VES data were presented as depth sounding 
curves by plotting the apparent resistivity in 
Ohm-meter (Ω m) on the vertical (Y axis) 
against the electrode spacing (AB/2) m on the 
horizontal (X axis) on a bi-log paper. The VES 
data were qualitatively interpreted by visual 
inspection with a view to appropriately 
classifying the field curves obtained for the 
location being interpreted. On the other hand, 
standard partial curve matching technique was 
employed for the quantitative interpretation 
using master and auxiliary curves to obtain 
geoelectric parameters for delineated 
geoelectric layers at each VES location. These 
parameters were used for the computer iteration 
to obtain improved subsurface geoelectric 

parameters in the study area. In order to 
determine the number of subsurface layers 
obtainable in the area and also to identify the 
presence/absence of subsurface features that 
can make the subsurface system vulnerable to 
contamination owing to leachate infiltration.  
Five geoelectric sections, trending in different 
directions were prepared from the results of the 
interpretation of VES data. Similarly, layers 
resistivities and thicknesses maps were also 
produced. All these were used to 
assess/evaluate the resistivity and thickness 
distribution of each of the subsurface layers and 
their implications on the protective capacity or 
otherwise of the geologic materials underlying 
the proposed site.  
 

 
RESULTS AND DISCUSSION 

VES Results 
Table 1 shows the summary of the interpreted 
VES results. These results were used to 
generate the geoelectric sections for the area. 
Curve types obtained in the area are broadly 
categorised into three groups and these are three 
layers, four layers and five layers curve types. 
The three layers curve types include four H- 
curve type and four A- curve types. The four 
layers curve types include eleven HA; one HK 
and one KH curve types. The five layers curve 
types obtained are two HKH curve types and 
one KHA curve type. The HA, HK and KH 
curve types are suggestive of the presence of 
weathered basement that could be of 
hydrogeologic importance (Adiat et al., 2017). 
The presence of a layer with any of these curve 
types can make the groundwater system in the 
area to be vulnerable to pollution due to 
leachate from the proposed dump site if not 
adequately protected. In a similar manner, the 
HKH and KHA curve types are suggestive of 
the presence of fractures in the bedrock 
underlain the study area. The presence of this 
geologic linear feature poses further danger to 
the groundwater system in the area, this is 
because, the fracture will serve as conduits 
through which leachate from the proposed 
dumpsite can pass to pollute the groundwater 
system in the area. Consequently, the area must 
be adequately protected so as to reduce the 

vulnerability of the groundwater to pollution. 
For the parts of the study area where the A curve 
type were obtained, these areas are 
characterized by the occurrence of fresh 
basement at a very shallow depth as observed 
VES 5, 8, 9 and 22. 
 
Geoelectric Section 
Presented in Figure 3 are five geoelectric 
sections trending in different direction and 
prepared from the results of the interpretation of 
VES data.  The geoelectric sections show the 
variations of resistivity and thickness values of 
the subsurface layers, and they provide 
information on the geoelectric sequence with 
depths in the study area.  
A maximum of four geoelectric layers were 
delineated in the study location. These layers 
are: the topsoil, the weathered/partly weathered, 
the fractured basement and the fresh basement. 
The relevance of each of these layers to the 
objective of the study is fully discussed.  
 
Top soil 
The top soil resistivity and thickness maps are 
shown in Figures 4 and 5 respectively. The 
topsoil has resistivity values ranging between 
94 and 755 Ωm and its thickness vary from 0.4 
and 3.0 m. The variation in resistivity values is 
indication of heterogeneity of the materials 
making up the layer. The area is largely 
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characterised with thickness of 0.4 m – 2m. For 
the purpose of landfill site, the top soil is thin 
and it is underlain by a weathered layer which 
can possibly host groundwater, thereby make 
the groundwater system vulnerable to 
contamination. Also, the topography of the 
study area, which is of gentle slope towards the 
north, cannot encourage open-landfill design, 
because of easy transport of leachate to 
neighbouring stream and drainage due to 
runoff. The top soil can be considered to be 
relatively competent. 
 
Weathered layer 
The weathered/partly weathered resistivity and 
thickness maps are shown in Figures 6 and 7 
respectively. The weathered/partly weathered 

beneath the topsoil is characterized by 
resistivity values that range between 60 and 404 
Ωm and its thickness varies from 1.4 and 8.8 
meters. 
The relatively low resistivity values 
characterizing this layer might be suggestive of 
water saturating this layer. This therefore 
implies that the layer constitutes an aquifer. It is 
however important to mention that fractures 
were delineated in some parts of the area as 
shown on the geoelectric sections. The presence 
of the fractures will further make the 
groundwater system in the area to be vulnerable 
to pollution occasioned by leachate that could 
be generated from the proposed landfill. Hence, 
adequate protection means must be provided 
before the proposed landfill is put to use.  

 
Table 1: Summary of the interpreted VES results 

VES Layer Resistivity (ohm-m)  Layer Thickness (m)     

 
ρ1 ρ2 ρ3 ρ4 ρ5 h1 h2 h3 h4 Curve 

Type 
Probable Geologic 

Equivalence 
1 390 118 554 4471 - 1 2.5 2.7 - HA TS,WB,PWB,B 
2 450 98 518 2789 - 0.5 2.4 3.4 - HA TS,WB,PWB,B 
3 205 404 1287 807 - 1.5 3.1 9 - HK TS,WB, B, FB 
4 250 1892 1124 - - 2 7 - - K TS, B, FB 
5 182 576 6784 - - 1.4 1.8 - - A TS, PWB, B, 
6 229 104 378 3993 - 0.8 4.6 7.1 - HA TS,WB, PWB ,B 
7 204 462 211 1038 - 1.6 6.3 2.3 - KH TS,WB, FB, B 
8 159 338 1404 - - 1.6 5.9 - - A TS, PWB, B, 
9 11 372 3243 - - 2.9 3 - - A TS, PWB, B, 
10 224 74 696 6334 - 1.5 4 4.8 - HA TS,WB, PWB ,B 
11 229 65 648 4441 - 1.4 5.3 5.3 - HA TS,WB, PWB ,B 
12 239 137 294 3088 - 1.4 3.5 4.2 - HA TS,WB, PWB ,B 
13 758 295 1879 - - 0.5 8.8 - - H TS,WB, B 
14 352 277 667 263 1120 0.5 2.4 4.5 4.8 HKH TS,WB, B, FB, B 
15 200 141 328 2391 - 0.5 7.6 8.7 - HA TS,WB, PWB ,B 
16 501 210 1179 - - 0.8 8.1 - - H TS,WB, B 
17 252 131 1128 322 578 0.4 1.7 7.8 4.2 HKH TS,WB, B, FB, B 
18 351 217 1072 - - 0.5 5.4 - - H TS,WB, B 
19 361 151 2687 - - 0.5 8.4 - - H TS,WB, B 
20 150 97 224 1714 - 0.5 6.6 5.5 - HA TS,WB, PWB ,B 
21 94 168 60 321 1886 0.4 2.5 3.8 5 KHA TS,WB, FB, PWB, B 
22 162 502 4379 - - 1.6 2 - - A TS, PWB, B 
23 546 261 509 2023 - 0.5 1.9 3.1 - HA TS,WB, PWB ,B 
24 357 132 859 2600 - 0.5 3.6 4.8 - HA TS,WB, PWB ,B 
25 182 97 643 2696 - 0.5 1.8 3.3 - HA TS,WB, PWB ,B 

TS =Top soil; WB= weathered basement; FB= fractured basement;   PWB=partially weathered 
basement and B = basement 
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Figure 3: Geoelectric sections from the study area 
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Figure 4: Top Soil Resistivity Map of the study area. 

 

Figure 5: Top Soil Thickness Map of the study area 
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Figure 6: Weathered/Partly Weathered Resistivity map of the study area 

 

 
 Figure 7: Weathered/Partly Weathered Thickness Map of the study area 
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Depth to the basement 
This is the summation of the thickness of the 
overlying materials to a basement rock in the 
area. It is mostly considered as the possible 
depth that can be excavated for solid waste 
accommodation without much difficulty. This 
is shown in Figure 8. The depth to the basement 
varies between 1.4 - 10 m.  
 
Longitudinal Conductance  
The longitudinal conductance (LC) is one of the 
Dar Zarrouk parameters derived from the 
electrical resistivity parameters. It is used to 
characterise the area based on its relationship 
with permeability (Abiola et al., 2009; Aweto, 
2011; Oladapo et al., 2004). Areas with low 
longitudinal conductance value have high 

permeability and are more vulnerable, while 
area with high longitudinal conductance tends 
to have low permeability and are less 
vulnerable. Based on previous studies on 
classification of LC in relationship with 
permeability, vulnerability classes were 
suggested by de Braga and Francisco (2014) in 
Table 2. The LC for the entire study area is less 
than 0.1 as shown in (Figure 9), and this 
suggests that the materials overlying the 
basement rock have high permeability and 
therefore vulnerable to pollutant and leachate 
percolation. Consequently, adequate protection 
of the subsurface particularly, the groundwater 
system in the area, must be ascertained at the 
preliminary stage of the proposed landfill 
design and construction. 

 

 
Figure 8: Depth to Basement map of the study area 

 
Table 2: Relationship between LC and vulnerability to pollution (after de Braga & Frabcisco, 
2014) 

Longitudinal Conductance (S) (Siemens) Vulnerability Classes 
> 2.5 Very Low 

0.7 – 2.5 Low 
0.3 – 0.7 Moderate 
0.1 – 0.3 High 
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< 0.1 Extreme 

Figure 9: Longitudinal Conductance map of the study area 
 

CONCLUSIONS 
Geophysical studies were carried out in a part 
of the Federal University of Technology, Akure 
campus using Schlumberger array, with a view 
to understanding the subsurface conditions for 
the purpose of siting a waste disposal facility.  
The topography of the study area gently slopes 
towards the North, hence there is the possibility 
of easy transport of leachate to nearby stream as 
a result of runoff. However, the top soil is 
considered to be relatively competent. The 
existence of a deeply weathered layer makes the 
underground water system in the study area to 
be vulnerable to pollution, as leachates from 
wastes will escape into the groundwater regime 
if adequate protection is not provided. In 

addition, the curve types indicate fractured 
bedrock, and this poses further danger to the 
groundwater as the fractures will serve as 
conduits for leachates. Present results indicate 
that the study area can be utilized as a waste 
disposal facility, provided adequate protection 
can be put in place for the aquifers. Since the 
depth to the basement ranges from 1.4 m to 10 
m, this depth is enough for excavation for any 
waste disposal activity. 
The geological and geotechnical components of 
the study are under execution, and they will be 
integrated with the geophysical data to better 
understand the surface and subsurface field 
conditions in the study area.
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