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Abstract 
his research attempts to assess the environmental impact of oil and gas activities with respect to aquifer 

vulnerability in the Chad basin northern Nigeria using the standard by USEPA for vulnerability 

classification called DRASTIC index to describe the relativity for the possibility of ground water to be 

contaminated if oil is explored in Chad basin Nigeria. Four classes of vulnerability ranking were chosen; low 

risk (below 100), moderate (100-150), moderately high (150-200) and high risk (200 above). The results are 

expressed in a vulnerability map which shows the areas that are likely to be affected by the oil exploration.  The 

study collected hydrogeological data of 20 boreholes drilled across the Chad formation Nigeria with their 2D 

resistivity survey data obtained from Borno State Ministry of Water Resources. Other data like climatic 

conditions were obtained from other literatures. The result shows aDRASTIC index (177), which corresponds 

with moderately high on the drastic index ranking by USEPA. It is therefore recommended that industries, 

scholars, governmental and non-governmental organizations must be challenged with a view to coming along 

with developmental strategies whereby profit will be maximized and damage to the environment will be 

extensively minimized. 
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INTRODUCTION 

Nigeria’s oil and gas sector is very important to its economy because it has accounted for over 70% of 

its gross domestic product (GDP) (UNEP, 2011).This and the recent discovery of oil in neighboring 

Chad and Niger Republics, who share the Chad basin with Nigeria has prompted the need to search 

and explore the potential of oil in the Chad basin, Nigeria whereby the Nigerian National Petroleum 

Corporation (NNPC) in collaboration with a Chinese oil company is carrying out the exploration 

(Nkemjioka, et al.,2003; NNPC, 2012). 
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Environmental pollution due to oil exploration and production over the last four decades in Nigeria 

has had substantial effects on man and the ecosystem and a fundamental environmental system that 

is likely to be affected by this exploration is the groundwater system. 

Owing to the climatic nature of the study area, which is characterized by arid and semi-arid condition, 

with little amount of rainfall annually, the populace therefore depends solely on ground water as 

their primary source of water. Therefore, it is important to monitor the aquifer system of Chad basin 

Nigeria and how oil exploration will affect its ground water resources. 

It should be noted that, for any groundwater quality management and protection to be successful, it 

is important to determine areas where groundwater is particularly prone to contamination. As 

reiterated by Kura(2014), this would help in the creation of vulnerability maps that can be used by 

prospective end users such as policy makers and environmental managers among others for 

groundwater protection or mitigation and remediation measures. 

 

STUDY AREA

The Chad basin (Borno) Nigeria is located between 6°N and 24°N latitude, and between 8°E and 24°E 

longitude. It has a total area of 69,435km2 with a population of 203,343 (NPC, 2006). Socio economic 

activities are mainly fishing, nomadic farming, wet and dry season farming, and other local business 

ventures. About two third of the population are engaged in subsistence farming (Obaje, 2009). 

The topography and vegetation of the area is characterized by undulating surface with deposit of 

vestigial sand dunes, in addition to thorny scrubs and other semi-arid dense over growth. Surface 

flooding occurs during the peak of rainy season usually, in the months of August. There is usually 

extreme temperature from (35-45oC) with maximum temperatures experienced before the rainy 

season which usually starts in June and ends in September. The state is also characterized with 

unpredictable wind pattern. 

Geological and hydrological setting of Borno state is comprised of continental and marine sediments 

(Figure 1).  Its composition is mainly granite, gneiss and mica schist (Nwankwo,et al., 2009). The 

bedrock is made up of Precambrian complex sediments which have been deposited from Paleozoic 

to quaternary age (Obaje, 2009). The Chad formation is the major source of ground water and is a 

sequence of argillaceous formation in which minor aranacous occur. According to Cratchley et al., 

(1984), the Chad formation is underlaid by a thick cretaceous rock. Over the years, research studies 

have proven aranacous horizons that are made of upper aquifer comprising alluvial deposits of Lake 

Margin origin and deltaic sediments alluvial fans increases in thickness from 15 to 100m north of the 

lake. It recharges from run offs and rainfalls. The transitivity ranges from 0.6 to 8.3m2 per day. 
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Figure 1: Geology map of Nigeria 

Source: Ayodele (2012) <http://nigeriaworld.com/articles/2012/mar/161.html 

 

METHODOLOGY 

DRASTIC MODEL 

DRASTIC model was first developed by USEPA research group in 1987 and was adopted in the 

evaluation of the potential impact of various activities on ground water. This method has largely been 

http://nigeriaworld.com/articles/2012/mar/161.html
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used around the world and particularly in the United States(Aller,et al., 1987).Hydro-geologic 

features form the acronym ‘DRASTIC’ which stands for Depth of water, net Recharge, Aquifer media, 

Soil type, Topography, Impact of Vadose zone, and hydraulic Conductivity were pre-assigned rating 

and weighted to the model parameters depending on the state and nature of each parameter (Table 

1). The rating ranges from 1 to 10 reflectinglesser pollution potential to higher pollution potential, 

respectively while the weight values ranging from 1 to 5 will then be assigned to the rated parameters 

pending on the significance of each individual parameter in protecting groundwater from surface 

contamination. The resulting maps from the seven DRASTIC index parameters will then be overlaid 

in a GIS environment to produce vulnerability map as done byAller, et al. (1987). DRASTIC has been 

used to ascertain the possibility of the contamination. The techniques are the most accepted because 

results from DRASTIC are mapable and can be used to provide a quick reference of relative pollution 

potential of different areas with similar land forms (Aller et al., 1987). 

DRASTIC Map = 5*D + 4* R + 3*A + 2*S + 1*T + 5*I + 3*C 

 

Depth of water 

The depth of water table affects the distance a contaminant has to travel to reach the ground water. 

In this study, hydrogeological data were collected from20 boreholes drilled across the Chad 

formation with their 2D resistivity survey data obtained from Borno state Ministry of water 

Resources, which were used to create spatial distribution of ground water level map.It can be 

deduced that the ground water depth lies between 30-50m, in which case has a rating of 7 as expressed 

in Table 1. 

Net Recharge 

Net recharge data was obtained from hydro-geological investigations which were complimented 

with hydrological isotope and mathematical models. Net recharge is the quantity of water that 

leaches down to the water table through the ground surface. Although other forms of recharge 

includes seepage along river and streams, the Chad basin aquifer is mainly recharged by direct 

infiltration from rainfall. Data obtained from the University of Maiduguri on the geophysical surveys 

carried out in the study area shows that the net recharge ranges lie from 15-30 and correspond with 

the rating of 3. 

Aquifer media 

The nature of aquifer media determines the movement of contaminant through it; the more the time 

it takes the contaminant to travel through media the greater the possibility of contaminants 

attenuation. According to Kogbe (1989), the Chad basin(Nigeria) area is a variable sequence which 

includes all quaternary sediment of lacustrine origin which lies under the surface covering a vast area 

of land. The lithology varies both laterally and vertically. It is mainly lacustrine clay in the sequence, 

with grits and gravel fluviatile sand near the margin. Therefore, from Table 1, the rating of Chad basin 

is 9. 

Table 1: DRASTIC rating and weighting values for the hydrogeological parameter settings 
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DRASTIC parameters Range 

Rating   

Weight 

   

Depth to water table 

(m)  5 

 1–2 9 

 2–4 8 

Net recharge  4 

 35–45 7 

 45–55 8 

 55–60 9 

 >60 10 

Aquifer media 3 

Sandstone and 4 

shalestone  

Sand and clay 5 

Sand and coral 8 

Soil media 2 

Fine sand 9 

Gravely sandy 

loam 7 

Clayey sandy 

gravel 5 

Loamy clay 3 

Topography (slope %) 1 

<2 10 

2–6 9 

6–12 5 

12–18 3 

>18 1 

Impact of the vadose zone 5 

Sandstone and 4 

shalestone  

Sand, gravel and 

clay 5 

Sand and shell 8 

Hydraulic conductivity 3 

(m/day)  

10 1 

20 2 

30 3 

40 4 
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Source: (Aller et al.,1987; Baalousha,2006) 

 

Soil media 

Soil media plays the role in the infiltration of contaminant to the ground water. The smaller the soil 

particle size the smaller the possibility of infiltration. Other relevant factors to consider are the soil 

texture, organic and inorganic content (Kura, 2014). The soil data was acquired through reports of 

geophysical survey of the study area which according to table 1 is given the rating 9. 

 

Topography  

Topography is simply how high or low the land surface is.The area that is relatively flat is believed 

to have higher tendency of infiltration and depositions from runoff as such might be more vulnerable 

to contamination than areas that are steeper in nature. Though the study area is characterized by a 

flat topography with few sand dunes making it a little undulating, Digital Elevation Model (DEM) 

was used in the GIS environment to determine spatial variability of slope in the area 

Impact of Vadose. 

This is the zone found in between the soil cover and ground level. The vadose zone is the unsaturated 

or semi saturated zone between the top soil and the water table. This zone controls the penetration 

and downward movement of recharge, confining pollutants, and time taken for contaminants to 

reach the aquifer. The texture and composition of the Vadose zone determine the time of 

contamination through it. It can be deduced from Table 1 above that the rating is 8 which corresponds 

to sand and gravel. 

Hydraulic Conductivity  

This refers to how water can move through the soil with ease through saturated, unsaturated or 

vapour flow. The contaminant flow rate in an aquifer system is influenced by hydraulic conductivity.  

The hydraulic conductivity data was extracted from pumping test and geophysical resistivity survey 

which are the main techniques in determining aquifer hydraulic conductivity whose equivalent 

rating is 4 as shown in Table 1 above.All the parameter layers were then overlaid in GIS environment 

and weight was assigned to each layer based on equation to produce the DRASTIC map as done by 

Kura (2014). 

 

RESULTS AND DISCUSSION 

In this study, a standard weight has been assigned to each DRASTIC factor based on its significance 

in terms of the vulnerability to groundwater contamination. A weight of 1-5 is given, with the most 

significant (5) and the least significant (1). The ratings typically ranges from 1- 10. DRASTIC index 

was then calculated for each parameter. The data was used to compute for the DRASTIC indices as 

shown in details below. This is accompanied by vulnerability maps of the study area.  
Table 2: Standard weight for drastic parameter  

file:///C:/Users/Emmanuel%20Gadzama/AppData/Local/Temp/Temp1_pdf2doc.zip/Drastic.pdf%20NURA%20KURA.doc%23page24
file:///C:/Users/Emmanuel%20Gadzama/AppData/Local/Temp/Temp1_pdf2doc.zip/Drastic.pdf%20NURA%20KURA.doc%23page24
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Parameter  DRASTTIC WIEGHT Rating  

Depth of ground water 5 7 

Net recharge 4 3 

Aquifer media 3 9 

Soil media 2 9 

Topography 1 9 

Impact of Vadose zone 5 8 

Hydraulic conductivity 3 4 

Source: (USEPA 1989) 

From Table 1, the corresponding rating can be deduced as shown in Table 2. 

The Formula for Calculating Drastic index is given as; 

 

DRASTIC index = summation of all drastic parameters (weight * rating) 

DRASTIC Map = 5*D + 4* R + 3*A + 2*S + 1*T + 5*I + 3*C 

Note: The largest possible DRASTIC index is 226 and the smallest possible is 26 (Sunil et al., n.d) 

Table 3:  STANDARD Assigned weight for each DRASTIC factor 

  Hydro-geologic Settings for Chad basin Oil and gas exploration 

Feature Range Weight Rating Amount 
Depth of water  5 7 35 
Net recharge  4 3 12 
Aquifer media  3 9 27 
Soil media  5 9 45 
Topography  2 9 18 
Impact of vadoze zone  4 8 32 
Hydraulic conductivity  2 4 8 
DRASTIC INDEX 177 

Source: (USEPA 1989) 

Using the standard by USEPA for vulnerability classification to describe the relativity for the 

possibility of ground water to be contaminated if oil is explored in Chad basin Nigeria, four classes 

of vulnerability ranking are chosen thus; 

High  

Groundwater with high pollution potential has a permeable soil type, aquifer level and high 

recharging level. Others may include fractured bed rock. 

Moderately high 

This groundwater resource vulnerability occurs when there is permeable Vadose level, shallow water 

level and high recharge potential. 

Moderate 
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Moderate vulnerability ranking is given when the aquifer is relatively deep low slope, and the 

dominant factor is fractured rock. 

 

Low  

Groundwater vulnerability is considered low when is characterized with deep aquifer, clay rich 

mineralogy which affects easy permeability and the thus the Vadose zone 

DRASTIC index ranking 

 High      200> 

 Moderately high    150-200  

 Moderate               100-150 

 Low                        <100 

From the result above DRASTIC index = 177 

This DRASTIC index (177) practically corresponds with moderately high on the drastic index as 

ranked by USEPA. 

 

From Figure 3which shows a resultant map of Borno state Nigeria, it can be seen that high 

vulnerability is evident at the core North East where the surface water body lies and the immediate 

community where the exploration activities are carried out. However, the southern part of the state 

has a low vulnerability because of its hydro geological structure which is made of highlands of 

igneous rocks with silt/clay soil type. The central part of the basin is favourably covered with 

moderately high and moderate vulnerability but it can be predicted that with time, it will be a highly 

vulnerable zone too. 
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Figure 2: Resultant DRASTIC Map OF CHAD (BORNO) BASIN 

Source: Author  

 

CONCLUSION AND RECOMMENDATION 

Environmental contamination issues are complex problems faced globally with the advent of science 

and technology. Therefore, the effective management of developmental projects such as the oil and 

gas exploration has become an important priority globally, yet proper management of such possible 

contaminations possesses more challenges in developing nations. Industries, scholars, governmental  

and non-governmental organizations must be challenged with a view to coming along with 

developmental strategies whereby profit will be maximized and damage to the environment 

minimized. 
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