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Abstract 

Aquifer Vulnerability indices and Hydraulic parameters have been estimated from DRASTIC 

(an acronym for Depth to water, net Recharge, Aquifer media, Soil media, Topography, 

Impact of vadose zone and hydraulic Conductivity) and surface geoelectrical data, using 

datasets from Orlu and environs in Southeastern Nigeria. The study area is underlain by the 

Bende-Ameki and Benin Formations. Twenty-nine (29) vertical electrical sounding (VES) 

results, using the Schlumberger method were acquired for the study area. A maximum 

current electrode spacing (AB) of 1000 meters was used for data acquisition. For 

comparative purposes, three (3) of the soundings were carried out near existing boreholes at 

Umuaka, Umudioka-ukwu and Nkwere to evaluate the interaction of subsurface materials. 

The layer parameters thus obtained from the analysis were combined with pumping test data 

from existing boreholes to estimate aquifer hydraulic parameters, using Dar-Zarrouk 

parameters and vulnerability index assessment, using the DRASTIC model. Results show 

that the depth to the water table range between 73 – 149  m, while aquifer thicknesses range 

from 13 – 67m.  
 

Keywords: Aquifer Vulnerability indices, Hydraulic parameters, Topography, southeastern 

Nigeria, Drastic Indices 
 

Introduction 

Groundwater has been known to be a major source of potable water; it is extensively 

and spatially distributed. Ground water is relatively accessible and cost of development 

relatively low to moderate. The sedimentary sequences of southeastern Nigeria including 

those of the Imo River Basin are known to contain several aquiferious units. The study area 

which covers Orlu its environs is drained by the Oramiriukwa, Okitankwo, and some other 

tributaries of the Imo River from the eastern part of the study area. The sedimentary 

sequences of southeastern Nigeria including those of the Imo River basin are known to 

contain several aquiferous units (Onu & Ibezim, 2004). The groundwater recharge is fairly 

good in several places due to high yearly average rainfall and high porosity and connectivity 

of the aquiferious zones. Good productive aquifers are typical of Benin and Ajali Formations 

in the study area. However, in the study area, several boreholes have been drilled without 

success due the complex geology of the area. The area which is a transition zone between 

the Niger Delta (with its very prolific aquiferious Benin Formation) and the Anambra Basin 

is underlain by several geological formations. These formations include the Ajali Sandstone 

Formation, the Nsukka Formation, Imo Formation, Ameki Formation, Ogwashi- asaba 

Formation and Benin Formation towards the boundary with the Niger Delta. However, the 

hydraulic characteristics of these aquifers such as transmissivity, hydraulic conductivity and 



 

Journal of Educational Realities-JERA 
pISSN 2536-6661, eISSN 2536-6653 Vol.11, No.1, April/June, 2021 

A Publication of University of Uyo, Nigeria 

ISSN 2536-6661 (Print), ISSN 2536-6653 (Online) 2 

 

Benchmark Journals 

storage potentials are not fully known and it has not been possible to plan management 

techniques for most favourable exploitation of these aquifers. This problem is further 

compounded by the poor knowledge of the aquifers (the geometry and nature of their 

hydraulic boundaries) being tapped.  

 

Statement of Problem 

Environmental concerns related to groundwater generally focus on the impact of 

pollution and quality degradation in relation to human uses, particularly domestic supply. 

Due to high population growth and industrialization, greater amount of domestic and 

industrial effluents are discharged leading to the pollution of groundwater in shallow 

aquifers. Open dumps are sited randomly in the area of study without considerations to the 

protection of the underlying aquifer. The aquifer is largely unconfined, but becomes semi-

confined to confined, in some area (Onyekuru, 2010). High water table and direct leachate 

infiltration would provide the major pathways for the entry of contaminants from pollution 

sources into the groundwater system which is comprised generally of an extensive 

unconfined sand aquifer and permeable/porous overburden. 

 

Purpose of the Study 

The main purpose of this study is to analyze the electrical resistivity data using 

appropriate softwares with a view to: 

1. To collect vertical electrical sounding data of the study area in order to find out the 

lithological units in the study area. 

2. To determine the aquifer geometry of the study area including depth, thickness, etc. 

From sounding interpretation. 

3. To estimate the hydraulic characteristics of the study area using available pumping test 

data and geophysical data obtained from the study area. 

4. To evaluate the aquifer vulnerability of the study area to ascertain the aquifer 

susceptibility to pollution especially from anthropogenic activities. 

5. To present a 3-D DRASTIC model of the study area. 

 

Significance of the Study 

The increasing demand for potable water due to increasing population in the study 

area and the perennial problem associated with sustainable water from inadequate water 

schemes has prompted this research for favourable groundwater protection from being 

vulnerable to pollution.  Maps of aquifer vulnerability to pollution are becoming more in 

demand because on the one hand groundwater represents the main source drinking water, 

and on the other hand concentrations of human/economic activities, e.g. industrial, 

agricultural and household represent real or potential sources of groundwater contamination. 

There is therefore the need to conduct studies on groundwater pollution. 
 

Scope of the Study 

The study area is in Orlu Local Government Area of Imo State, Nigeria. The research 

work is aimed at investigating the vulnerability of the aquifer units of the area. The work is 

also aimed at acquiring, preparing, processing, interpretation and analyzing of surface geo-

electric data that will aid computation of DRASTIC index. The vulnerability of the aquifers 

to contamination will be determined using the DRASTIC model. 

The study if properly carried out will significantly give a clear picture of the vulnerability 

status of the aquifer in the study area. 
 

Study Area 
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The study area is in Orlu Local Government Area of Imo State, Nigeria. It lies 

between latitudes 05o44′N and 06o00′N and longitudes 05o44′E and 07o10′E with an 

elevation profile of 173 m above mean sea level and covers an area of approximately 225 

square kilometres (Ibe & Uzokwu, 2004). It is bounded to the East by Okigwe, to the south 

by Mbano and Mbaitoli and to the West by Orlu and Orlu East Local Government Areas of 

Imo State (fig.1). Some important towns within the study area include Ideato, Uruatta, 

Nkwere and Njaba. The area falls within the tropical rain forest with luxuriant growth of 

trees. It has humid tropical climate with high temperature and seasonal rainfall. Two seasons 

are prominent in the area namely; dry and rainy seasons. The mean annual rainfall is 

between 2000 and 2,250 mm while mean daily temperature ranges from 20oC during the 

rainy season to about 33oC in the dry season. The mean annual temperature is between 

26.5oC and 27.5oC (Ibe, et al, 2004) while the relative humidity lies between 65 and 75%.  

 

 
 

Fig.1: Map of the Study Area 

Evapo-transpiration in the area is above 1450 mm/yr. (National Root Crop Research 

Institute, 2010).  The study area is drained by the Mamu and Orashi rivers which empty into 

the Imo River. The Imo River rises at the Umuchu hills in Anambra state at the flank of the 

Awka – Uga-Akoka – Orlu uplands and flows through Anambra, Imo, Abia and River States 

with numerous tributaries into the Altantic Ocean. 

 

Methodology 
The methods adopted in the present study are: 

a. Literature review of some previous work done in the Imo River Basin and other 

research works that were considered necessary for the present study.  

b. Acquisition of 29 Vertical Electrical Sounding (VES) data across the study area, 

based on Schlumberger configuration. The Schlumberger configuration is chosen 

because the method permits the acquisition of numerous data within a very short 
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time and allows for a clearer definition of the subsurface for a given outer electrode 

spacing.  

c. Data processing with the OFFIX software. 

d. Determination of aquifer hydraulic parameters and vulnerability indices to assess 

aquifer protection within the area of study.  

e. Interpretation, analysis and discussion of results. 

 

Data Acquisition 
A total of 29 vertical electrical soundings (VES) were collected in the study area 

based on the Schlumberger electrode configuration with maximum electrode spacing of 

1000 m. The ABEM terrameter (SAS) 4000 was used to acquire the data. Four stainless non 

polarizable electrodes were used, two current electrodes and two potential electrodes. A 

freshly charged 12V dc supply was used to supply current. The current electrode spacing 

was increased symmetrically about the station point, keeping the potential electrode constant 

until it became necessary to increase the potential electrode as the recorded signal 

diminished. Garmin GPS 72 was used in determining the coordinates in longitude and 

latitude and elevation height above mean sea level of the locations of sounding points. The 

injected current developed a ground potential difference whose voltage was determined 

using the potential electrodes which were kept in line with the pair of current electrodes.  

The observed field data which is the ratio of the resulting voltage to the imposed current is 

only a measure of resistance of the subsurface (ground resistance). This is read off directly 

from the terrameter and is used to compute the corresponding apparent resistivity in Ωm by 

multiplying with the geometric factor ‘values as functions of electrode spacing’, which then 

gives the required apparent resistivity results as functions of depths of individual layers: 

𝜌𝑎 = 𝜋𝑅 [
𝑎2

𝑏
−

𝑏

4
] 

Where:  

ρa = apparent resistivity 

R = resistance in ohm 

a = AB/2 = half current electrode spacing (m) 

b = MN = potential electrode spacing (m) 

𝜋 [
𝑎2

𝑏
−

𝑏

4
] = geometric factor (K) 

The apparent resistivity values computed were plotted against half of the current 

electrode spacing (AB /2) on a log-log graph scale. The sounding curves obtained were 

subjected to conventional partial curve matching using the Rijks Waterstaat (1988) master 

curves to obtain the initial model parameters (resistivities and thickness) of the various 

geoelectric layers. A useful approximation is that the depth of the interface is equal to two 

thirds (2/3) of the electrode spacing at which the point of inflection occurs (Vingoe, 1982). 

This approximation has found useful applications in computer iterative modeling. 

Parameters such as apparent resistivity and thickness obtained from bothpartial curve 

matching were used as input data for computer iterative modeling (Zohdy, 1986; Koefoed, 

1987). Detailed quantitative interpretation was done using the OFFIX 3.1 software. Pumping 

test data and VES data relevant to this work were collected from Imo Water Development 

Authority (IWADA), Anambra-Imo River Basin Authority (AIRBDA) and UNICEF, Owerri 

which are then processed and interpreted.  

 

Data Analysis 
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Quantitative interpretations of vertical electrical sounding data often lead to the 

generation of geo-electric layers. The information from these geo-electric layers enhances 

the identification and interpretation of layer parameters which includes aquifer depth, 

thickness, and frequency. These layer parameters thus obtained together with existing 

pumping test information in drilled wells were then used to calculate the longitudinal 

conductance (Lc) and the transverse resistance (RT) distribution. The transverse resistance is 

the product of the aquifer apparent resistivity and aquifer thickness while the longitudinal 

conductance is the ratio of the aquifer thickness to the aquifer apparent resistivity. These 

parameters (Da-Zurrock Parameters) were further applied in the estimation of hydraulic 

conductivity which is used in the DRASTIC model and transmisivity of the aquifers in the 

study areas.  

The quantitative interpretation is a curve matching technique which is used to 

determine the thickness and depth of the formation as well as establish the apparent 

resistivity of the layers. The use of computer programs in interpretation is made possible by 

the introduction of these model parameters (thickness and resistivites). The result obtained 

from the computer is then compared with the observed curve which determines the 

acceptance or rejection of the model parameters depending on the degree of comparison. On 

the other hand, qualitative interpretation of resistivity field data includes; the study of the 

type of field curves, study of their real distribution on the map of the area, development of 

the apparent resistivity values for particular electrode spacing. Qualitative interpretation is 

performed before quantitative interpretation. 

The DRASTIC model is a point count system model (PCSM) or parameter weighting 

and rating model. The weight reflects the relationship among the parameters and their 

relative importance and sensitivity to vulnerability. Parameters with more weight are judged 

to be more important in groundwater vulnerability enhancement/attenuation. Each of the 

seven parameters is given a rating interval from 1 to 10, with a weight string (varying from 1 

to 5). The DRASTIC index is made up by a sum of products rating for weight of the seven 

parameters, the rating for each interval are multiplied by the weight for the parameter and 

the products are summed to obtain the final numerical score or index. The higher, the 

DRASTIC index the greater the groundwater contamination potential. 

 

Results Presentation, Interpretation and Discussion 

 

Aquifer Hydraulic Parameters of the Study Area 

Several researchers have shown that the product of Hydraulic conductivity (K) and 

Electrical conductivity (σ) remains fairly constant in areas of similar geologic setting and 

water quality [Ekwe. et al. (2006), (Niswas and Singhal (1981) and Onuoha and Mbazi 

(1988)].  Examination of the various aquifer hydraulic parameters of all the sounding 

locations, including areas of non-existence of boreholes were carried out applying the  

relevant empirical relations between the various parameters, The sites with boreholes 

include Akokwa, Ihioma, Nkwere  and Umaka Njaba. The hydraulic parameters (Transverse 

Resistance (RT), Hydraulic conductivity (K) and Transmissivity (T)) as deduced from the 

sounding interpretations are shown in table 2 below.   
  

Table 1: Aquifer Hydraulic Parameters of the Study Area 
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1 Amaifeke Orlu 5060 0.000198 13 65780 0.00256917    781.30 60.10 Benin 

2 Nkwere L.G 

HQ 

323 0.003096 50 16150 0.15479876 5.81 

0.017988 191.82 3.84 Benin 

3 Umobom 

Amaifeke 

3750 0.000267 35.9 134625 0.00957333   

0.011878 1599.01 44.54 Benin 

4 Umuaka Njaba  850 0.001177 34.6 29410 0.04070588 4.90 0.005767 349.32 10.10 Benin 

5 Umucleke 

Amaifeke 

1370 0.000730 67 91790 0.04890511   

 1090.24 16.27 Benin 

6 Umudioka – 

ukwu 

625 0.001600 60 37500 0.09600000   

 445.41 7.42 Benin 

7 Akwu Akokwa 

Ideato 

4167 0.000240 50 208350 0.01199904 4.06 

0.001104 273.36 5.47 

Bende-

Ameki 

8 Amanachi Orlu 772 0.001295 14 10808 0.01813472   

 14.18 1.01 

Bende-

Ameki 

9 amike Orlu 1530 0.000654 55 84150 0.03594771   

0.001312 110.40 2.01 

Bende-

Ameki 

10 Ekwe Orlu 2030 0.000493 33.3 67599 0.01640394   

 88.69 2.66 

Bende-

Ameki 

11 Ezioha okporo 2720 0.000368 23 62560 0.00845588   

 82.08 3.57 

Bende-

Ameki 

12 Ihioma Orlu 3110 0.000322 28.8 89568 0.00926045 4.72 

0.001520 117.51 4.08 

Bende-

Ameki 

13 Ihitenansa Orlu 3760 0.000266 53 199280 0.01409574   

 261.46 4.93 

Bende-

Ameki 

14 Ihite-owerre 3846 0.000260 40.7 156532 0.01058242   

 205.37 5.05 

Bende-

Ameki 

15 Ndiokwu 

Owere ebeiri 

2010 0.000498 57 114570 0.02835821   

 150.32 2.64 

Bende-

Ameki 

16 Ndiowere, Orlu 3100 0.000323 38 117800 0.01225806   

 154.55 4.07 

Bende-

Ameki 

17 Ojike Mem Sec 

Sch Orlu 

3870 0.000258 60 232200 0.01550388   

 304.65 5.08 

Bende-

Ameki 

18 owere-ebeiri 

Orlu 

4130 0.000242 49.1 202783 0.01188862   

 266.05 5.42 

Bende-

Ameki 

19 PTF Police 

Awo-Idimmiri 

784 0.001276 43.4 34026 0.05535714   

 44.64 1.03 

Bende-

Ameki 

20 Umuauji 

Ogberuru 

2400 0.000418 52 124800 0.02166667   

 163.74 3.15 

Bende-

Ameki 

21 Umudara 

Umutanze 

5200 0.000192 20.3 105560 0.00390385   

 138.49 6.82 

Bende-

Ameki 

22 Umudimoha 

Amarie 

4167 0.000240 50 208350 0.01199904   

 273.36 5.47 

Bende-

Ameki 

23 Umuduru, 

Okporo 

2040 0.000490 22 44880 0.01078431   

 58.88 2.68 

Bende-

Ameki 

24 Umuegbe Orlu 2550 0.000392 49.2 125460 0.01929412   

 164.60 3.35 

Bende-

Ameki 

25 umueze 

amike 

3226 0.00031

0 

21 67746 0.0065096

1 

  

 88.88 4.23 

Bende-

Ameki 

26 Umuoba Orlu 4010 0.00024

9 

31 12431

0 

0.0077306

7 

  

 163.09 5.26 

Bende-

Ameki 

27 Umuozu Atta 5000 0.00020

0 

45 22500

0 

0.0090000

0 

  

 295.20 6.56 

Bende-

Ameki 

28 Umuzike  

Umuna 

3560 0.00028

1 

31 11036

0 

0.0087078

7 

  

 144.79 4.67 

Bende-

Ameki 

29 Uruala Ideato 

L.G.A 

4167 0.00024

0 

50 20835

0 

0.0119990

4 

  

 273.36 

5

.

4

Bende-

Ameki 
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Kσ Variance as a Diagnostic Tool for Mapping Lithology within the Study Area 

A histogram showing the variation of Kσ values within the study area is shown in figure 4. 

On the basis of the Kσ (hydraulic conductivity × Electrical conductivity) product, Umuaka 

Njaba, Nkwerre, Umudioka and Amaifeke Orlu, with average Kσ value of 0.0118 are 

suggested to be hydrologically homogeneous and may represent the Benin Formation. 

Umuobom-Umuduru-Ihitenasa-Amanachi-Uruala areas, with average Kσ value of 0.0013 

are suggested to be hydrologically homogeneous and may represent the Bende-Ameki 

formation. Thus, the diagnostic Kσ parameter has been applied in the study area to delineate 

different lithologies.   

 

Interpretation of Aquifer Vulnerability Assessment Based on the Drastic Indices 

Table 2: Summarized Results of the Drastic Model 
  D R A S T I C DI FORMATION 

LOCATION Dr Dw Rr Rw Ar Aw Sr Sw Tr Tw Ir Iw Cr Cw      

Amaifeke 

Orlu 
1 5 9 3 8 3 8 2 9 1 1 5 8 3 110 

Benin 

Nkwere L.G 

HQ 
1 5 9 3 8 3 8 2 10 1 1 5 1 3 90 

Benin 

Umobom 

Amaifeke 
1 5 9 3 8 3 8 2 9 1 1 5 8 3 110 

Benin 

Umuaka 

Njaba  
1 5 9 3 8 3 8 2 10 1 1 5 2 3 93 

Benin 

Umucleke 

Amaifeke 
1 5 9 3 8 3 8 2 9 1 1 5 4 3 98 

Benin 

Umudioka - 

ukwu 
1 5 9 3 8 3 8 2 10 1 1 5 2 3 93 

Benin 

Akwu 

Akokwa 

Ideato 

1 5 9 3 3 3 4 2 9 1 2 5 2 3 74 

Bende-Ameki 

Amanachi 

Orlu 
1 5 9 3 8 3 4 2 9 1 2 5 1 3 86 

Bende-Ameki 

amike Orlu 1 5 9 3 8 3 4 2 9 1 2 5 1 3 86 Bende-Ameki 

Ekwe Orlu 1 5 9 3 8 3 4 2 9 1 2 5 1 3 86 Bende-Ameki 

Ezioha 

okporo 
1 5 9 3 3 3 4 2 9 1 2 5 1 3 71 

Bende-Ameki 

Ihioma Orlu 1 5 9 3 8 3 4 2 9 1 2 5 1 3 86 Bende-Ameki 

Ihitenansa 

Orlu 
1 5 9 3 8 3 4 2 9 1 2 5 2 3 89 

Bende-Ameki 

Ihite-owerre 1 5 9 3 8 3 4 2 9 1 2 5 2 3 89 Bende-Ameki 

Ndiokwu 

Owere ebeiri 
1 5 9 3 8 3 4 2 9 1 2 5 1 3 86 

Bende-Ameki 

Ndiowere, 

Orlu 
1 5 9 3 8 3 4 2 9 1 2 5 1 3 86 

Bende-Ameki 

Ojike Mem 

Sec Sch Orlu 
1 5 9 3 8 3 4 2 9 1 2 5 2 3 89 

Bende-Ameki 

Owere-ebeiri 

Orlu 
1 5 9 3 8 3 4 2 9 1 2 5 2 3 89 

Bende-Ameki 

PTF Police 

Awo-

Idimmiri 

1 5 9 3 3 3 4 2 9 1 2 5 1 3 71 

Bende-Ameki 

Umuauji 

Ogberuru 
1 5 9 3 3 3 4 2 9 1 2 5 1 3 71 

Bende-Ameki 

7 
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Umudara 

Umutanze 
1 5 9 3 8 3 4 2 9 1 2 5 2 3 89 

Bende-Ameki 

Umudimoha 

Amarie 
1 5 9 3 3 3 4 2 9 1 2 5 2 3 74 

Bende-Ameki 

Umuduru, 

Okporo 
1 5 9 3 3 3 4 2 9 1 2 5 1 3 71 

Bende-Ameki 

Umuegbe 

Orlu 
1 5 9 3 8 3 4 2 9 1 2 5 1 3 86 

Bende-Ameki 

Umueze 

amike 
1 5 9 3 8 3 4 2 9 1 2 5 1 3 86 

Bende-Ameki 

Umuoba 

Orlu 
1 5 9 3 8 3 4 2 9 1 2 5 2 3 89 

Bende-Ameki 

Umuozu Atta 1 5 9 3 8 3 4 2 9 1 2 5 2 3 89 Bende-Ameki 

Umuzike  

Umuna 
1 5 9 3 8 3 4 2 9 1 2 5 2 3 89 

Bende-Ameki 

Uruala 

Ideato L.G.A 
1 5 9 3 3 3 4 2 9 1 2 5 2 3 74 

Bende-Ameki 
 

Information from pumping test data was used together with values obtained from the 

study area. The hydraulic conductivities were converted from m/day to gpd/ft2 before using 

them to calculate the drastic index. The individual data elements for the DRASTIC indices 

are as shown in table 2 above Based on Navulur et al. (2006), and to facilitate interpretation, 

the study area has been classified into Moderate (101 – 140) and Low Vulnerability zones (1 

– 100). Analysis of the results of the vulnerability map show that Amaifeke and Umobom 

areas fall within the moderate vulnerability zone while the other adjoining areas fall within 

the low vulnerability zone. The vulnerability indices are related to the depth of water table 

and the nature of the protective material. Shallow unconfined aquifers are more susceptible 

to pollution than deeper aquifers. 
 

 Conclusion 

The Oligo-Miocene Bende-Ameki Formation consists of unconsolidated sandstones 

with carbonaceous mudstones, sandy clays and lignite seams while the Benin Formation 

contains unconsolidated, yellow and white sands, which are occasionally pebbly with lens of 

grey sandy clay. The friable nature of the Formations have made this study imperative, as it 

would assist water resource planners and developers in the area to understand the best way 

to plan and site boreholes in the area. The close agreement between results from pumping 

tests and those obtained from sounding interpretation is an indication of the reliability of the 

present work. This shows that electrical resistivity method is very useful for understanding 

the aquifer systems within the study area. The diagnostic Kσ = constant have proved very 

useful in this study. It was used effectively to delineate two distinct lithostratigraphic units 

(Benin and Bende-Ameki Formations) within the study area. The same Kσ = constant 

parameter was used to estimate the hydraulic conductivity and transmissivity for all the 

sounding locations across the study area, including areas without boreholes. The average 

hydraulic conductivity within the Benin and Bende-Ameki Formations are 23.71 m/day and 

4.11 m/day respectively while average transmissivity values are 742.85 m2/day for Benin 

Formation and 166.85 m2/day for Bende-Ameki Formation. Results from the analysis of the 

DRASTIC indices for the study were used to demarcate the study area into Moderate (101-

140) and Low Vulnerability zones (1-100). The results show that Amaifeke and Umobom 

areas fall within the moderate vulnerability zone while the other adjoining areas fall within 

the low vulnerability zone. The study area consists of intercalations of clay and shale which 

have generally low permeability. This may have accounted for the low and moderate 

vulnerability of the aquifers located there.   
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Recommendations 

From the findings of the study the following recommendation were made: 

1. Hydro-chemical study should be carried out to determine the portability of 

the water for both industrial and domestic uses.  

2. Down hole electric logging should be carried out to confirm the lithologies.  

3. All groundwater systems should be managed to ensure their most sensitive 

identified beneficial use (or environmental value) is maintained.  

4. Town water supplies should be afforded special protection against     

contamination.  

5. Groundwater pollution should be prevented so that future remediation is not 

required.  

6. For new developments, the scale and scope of work required to demonstrate 

adequate groundwater protection should be made to commensurate with the 

risk the development poses to a groundwater system and the value of the 

groundwater resource.  

7. A groundwater pumper shall bear the responsibility for environmental 

damage.  
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