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Vertical Electrical Sounding for the Determination of Aquifer Transmissivity
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Abstract: Ninety-eight vertical electrical sounding (VES) using the Schlumberger configuration with
a maximum electrode separation of 650m were carried out in Anwai, Delta State, Nigeria for the
determination of the transmissivity of aquifers. The geological investigation reveals that four layers
are predominate with a maximum of five layers. The result shows an average transmissivity of
193.77m2/day for Anwai which is good for sedimentary basin. Location 5 of the studied area has been
demarcated as having the best ground water potential with transmissivity of 455.29m2/day and as such
any ground water project in the area should be concentrated within this location.
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INTRODUCTION

Transmissivity (m2/day) is the major parameter which characterizes rocks as water-conducting strata. Most
hydrogeological calculations, including ground water flow modeling, are based on transmissivity data which
makes their availability very important, particularly when hydrogeological expertise is required in use of ground
water sources for domestic and industrial water supply which is continuously growing at Asaba, the new state
headquarter. There exist high industrial development in Asaba which ultimately increases environmental concern
in relation to ground water contamination and hence its prediction and prevention.

Aquifers are large body of permeable material where ground water is present in the saturated zone in other
words it simply refers to rock or soil mass which not only contains water, but from which can be readily
abstracted in significant quantities (Katty, et al, 1997). Good aquifers are those with high permeability such
as poorly cemented sands, gravel and sand stone or highly fractured rocks. Aquifers are underground storage
reservoir, which are typically characterized by high porosity and permeability values (County, 1997). The water
that reaches this chamber is usually cleaner than the water of the reservoir at the earth surface, because almost
no bacteria live in aquifer. The properties of an aquifer could be expressed in terms of the hydraulic
conductivity, storage coefficient, specific yield and transmissivity. But since water in the pores of an aquifer
is subjected to gravitational forces and so its flow tends to be downwards, through the pores of the materials,
hence the term transmissivity becomes one of the major properties of an aquifer.

Transmissivity is a major property of an aquifer, because it aids the characterizing of rocks as water
conducting strata. It is the volume of water flowing through a cross-section of the aquifer, that is, one foot
(1ft) multiplied by the aquifer thickness under a hydraulic gradient of one foot (1ft) per 1foot (ft) in a given
amount of time usually a day.

Based on the current hardship being suffered by the inhabitant of Anwai Community in Asaba (where the
Campus of Delta State University is located) due to increase in population and industrial development within
the area, has put high demand on water assessment and ground water management. In a quest to ameliorate
the present condition of the inhabitants of this area and the University Community, this research work is
embarked upon to obtain an accurate and precise transmissivity value of the aquifer in the environs, to help
identify regions with good ground water potential. Since water has been identified as a major need for human
existence, it becomes pertinent for it to be fully harnessed, to provide more availability of drinking water that
could be save for human consumption.

The need to obtain data based on transmissivity of aquifers could help considerately in different regional
ground water programme and planning operation which requires rock permeability assessment and approximate
hydrogeological estimation in planning of a programme for ground water test, approach to environmental impact
assessment and design of ground water monitoring programme. Some of these benefits are lacking in Anwai
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Community and Delta State University, Anwai Campus. The community is fast growing in terms of over
population resulting in the presence of the University. 

To bring sustainable improvement to their present condition calls for adequate planning and development
of ground water resources in the area. With this in mind, the need to assess the ground water potential of the
area and the study of transmissivity of aquifer cannot be underestimated.

For a developing country like Nigeria, the need for geophysical data cannot be overemphasized, and as
such, several techniques have been employed to successfully study the transmissivity nature of aquifer in a
given geologic region.

Although, no known work on transmissivity of aquifers has been carried out in the study area, Anwai,
however different work has been carried out in other parts of the country, to enable hydrogeologist demarcate
region with good ground water potential.

Umeogo, et al (2000) and Mbipome, et al (1996) employed the use of geoelectric investigation in
analyzing the transmissivity of aquifer in University of Jos and Mbaise area of Imo State respectively. Umeogo
found out that the average transmissivity of aquifers in the geologic region is 25m2/day. This is good for
basement complex rock (Offodile, 1992).

In this study 98 vertical electrical soundings were carried out in 5 locations and data got were used to
estimate the transmissivity for the aquifer in the area.

Anwai, a small community in Asaba, headquarter of Delta State is situated within Latitude 6o 12' to  6o

18' and Longitude 6o 36' to 6o 42'. The community is very close to River Niger and built on a hill where the
Provost and the Principal Officers houses are located. As a result of the undulating nature of the land, there
arises the need for a geophysical survey to determine the area with suitable good underground water potentials.
Location 1 is the Administrative Office area. Location 2 is classrooms area. Location 3, New Girls' Hostel.
Location 4 is the Lawn Tennis Court Areas. Location 5 is the Provost house.

Data Acquisition and Analysis:
A total of ninety-nine (99) VES were carried out in five different locations in the area. The Schlumberger

electrode confirmation was adopted for data acquisition. The field procedure is to expand the current electrodes
successively while the potential electrodes remain fixed. This process yields a rapidly decreasing potential
difference across the potential electrodes which ultimately exceed the measuring capabilities of the instrument
(Egbai and Asokhai, 1998). At this point, a new value for potential electrode separation is selected, typically
2 to 4 times larger than the preceding value and survey is continued. The Terrameter SAS 1000AB model was
used for data acquisition. Transmissivity of an aquifer expresses the ability of the aquifer material to transmit
water. To estimate the aquifer transmissivity value for the study area, the procedure was based on an analytical 
relationship between transmissivity of aquifer and longitudinal conductance established by Niwas and Singhai 

(1981) as  r

KS
T K R


 

where 
Tr = Transmissivity
K = Hydraulic conductivity
σ = Electrical conductivity
R = Transverse resistance of aquifer
S = Longitudinal conductance of aquifer

The value of hydraulic conductivity (K) could be obtained from a variety of hydrological techniques
notably pumping test of wells located within the study area (Todd, 1980). A representative average hydraulic
conductivity of 10m/d (MWT, 1974) is assumed for existing boreholes in the area. The values of σ and S were
obtained from the resistivity sounding result obtained from the areas.

Data Presentation:
The data got from the field were first curve matched. These curve matched data were built into the

computer for iteration and as well produce a graph, with the apparent resistivity on the vertical axis and the
corresponding electrode separated (AB/2) on the horizontal axis. The curves obtained were represented in
figures 2 - 6 respectively. Model resistivity values were estimated from the data while model thicknesses were
estimated from the fact that depth is approximately 0.167 to 0.125 of current electrode separation, AB.
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Consequently, from the computer iteration, the number of layers, as well as apparent resistivity ρa  and
depth of the layers were obtained as shown in table 1 below.

Location:

Fig. 1: Map of Study Area Showing VES Locations.

Table 1: Summary of result obtained from computer iteration.
VES Location No of Layer Resistivity (Ωm) Thickness (m) Depth (m) RMS% Error Curve Types

of Various Layers
1 1 18.70 0.40 0.40

2 2857.00 7.80 8.20  5.00  KQ
3 665.80 11.50 19.70
4 122.70 -

2 1 236.40 2.70 2.70
2 950.90 5.50 8.20 4.00 AQ
3 3524.00 15.30 23.50
4 418.60 - -

3 1 166.00 2.70 2.70
2 435.00 6.20 8.90
3 55.80 23.90 32.80 7.00 KHK
4 395.30 71.40 1.04.20
5 82.70

4 1 448.10 5.10 5.10
2 7038.30 10.20 15.20 3.00 QA
3 1567.20 10.40 25.60
4 157.10

5 1 644.00 6.40 6.40
2 1720.90 5.80 12.20
3 3177.80 13.60 25.80 2.00 KHK
4 1918.17 45.50 71.30
5 230.70
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Fig. 2: VES Curve for Administrative Office Area.

Fig. 3: VES Curve for Administrative Office Area.

Fig. 4: VES Curve for Administrative Office Area.
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Fig. 5: VES Curve for Administrative Office Area.

Fig. 6: VES Curve for Administrative Office Area.

RESULTS AND DISCUSSIONS

The studied area reveals that three locations have four layers while two have five layers. Location 1 is
a KQ - type curve (ρ1 < ρ2 < ρ3 < ρ4) with resistivity varying from 27.57Ωm to 149.32Ωm and layers thickness
ranging from 0.4m to 11.5m, with root mean square percentage error of 5. The third layer is taken as the
aquiferous layer having very low resistivity value. The transmissivity is computed as 115.15m2/day. Locations
2 to 5 are equally calculated in the same manner. 

The final result for all locations are shown in Table 2.
In general, we have an average study area. This is good for sedimentary area such as Anwai. Location

5 has the highest transmissivity value of 455.29m2/day while location 2 has the least transmissivity value of
55.09m2/day.

Table 2: Summary of Aquifer Transmissivity.
VES Location Resistivity Thickness (m) Conductivity  Longitudinal Transmissivity Tr = 1

(Ohm-m) ρ (Ωm)-1 γe Conductance L
1 665.8 11.5 1.5 × 10-3 1.7 × 10-2 115.15
2 950.90 5.5 1.05 × 10-3 5.78 × 10-3 55.09
3 55.8 23.9 1.79 × 10-2 0.428 239.28
4 1567.2 10.4 6.38 × 10-4 6.64 × 10-3 104.03
5 1918.17 45.50 5.21 × 10-4 2.37 × 10-2 455.29
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Conclusion:
An average transmissivity value of 193.77m2/day has been obtained from the area which is of course high

for sedimentary area close to River Niger. Locations 5 has the highest transmissivity of aquifer value of
455.29m2/day and location 2 the least with 55.09m2/day. Thus, location 5 has been demarcated, having good
ground water potential and as such any ground water project in the area should be concentrated within this
location. The new borehole under construction is located within the Provost House of Anwai Campus having
the highest transmissivity value.
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