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ABSTRACT

The water supply schemes in the study area are based mostly on groundwater which constitute more than
70% of the water supply. Most surface water supply dry up during the dry season. The aim of the research
is to assess the groundwater potentials in the study area. Seventeen Resistivity depth soundings were
carried out in the research area. Vertical electrical sounding technique of Schlumberger array
configuration was use to delineate subsurface lithology, identification of aquifer systems and determination
of aquifer parameters use for groundwater resource exploration, estimation of supply potential and
protective capacities of water sources. The geoelectrical parameters are transverse resistance and
longitudinal conductance while aquifer properties are transmissivity and hydraulic conductivity.
Hydrogeological field mapping comprising water sampling, measurement of static water level, borehole
depth, locations, altitude, physical parameters of groundwater, acquisition of borehole logs and notations
on the field topographic map was carried out using appropriate equipment. Aquifer systems of the study
site increases in thickness from South to North with Western dominance of confined aquifers and eastern
unconfined aquifer dominance. The profiling of the subsurface using borehole logs and resistivity imagery
at a location of interest was use to produced geologic map (4 Dimension) of that location with
socioeconomic benefits such as anticipation of ground conditions in engineering, groundwater capacity
and vulnerability assessment and fundamental understanding of earth materials, processes, and history of
that location. This assures its validation for use as geological map by confirmation rather than speculation.
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1 INTRODUCTION

roundwater provides human populations with a variety of services, including water for drinking and
irrigation. However, groundwater systems have been increasingly threatened, directly and
indirectly, by human activities. Groundwater is typically not easily contaminated, yet once this
occurs water quality is difficult to restore. Furthermore, groundwater pollution is not visible and is detected
only when a well or spring becomes noticeably polluted or the pollutant is discharged into surface waters.
The search for groundwater which is strategically valuable because of its high quality and availability as it
represents about 97% of the planet’s fresh water [1]. Water is said to be a highly variable and mobile
resource that exists on the surface of the earth, and within the subsurface in the pore spaces of geologic
materials of the earth crust. Water beneath the surface (subsurface) generally occurs within water bearing
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porous and permeable rocks called aquifers. Examples of such rocks include sedimentary rocks like
sandstone. However, fractured basement rocks and weathered basement rocks can also be classified as
aquifers. Aquifers occur at various depths, although those close to the surface are used for irrigation and
water supply (hand dug wells), they are also likely to be recharged by the local rainfall. These shallow
aquifers are most times over exploited as their depths represent the depth to the water table which fluctuates
with the local rainfall. The shallow aquifers are also easily contaminated by the surface water. Hence, the
thickness of an aquifer can serve as a good indication of its groundwater potential with aquifers of high
thickness having higher groundwater potential when compared with thin aquifers [2, 3, 4, 5]. Hence, in the
process of ground water exploration, whether by conventional geophysical methods, or non-conventional
wild catting methods, obtaining groundwater from the very thick aquifers should be the main objective [2,
4, 5]. Worth mentioning is the fact that physical properties of aquifer materials and aquifer themselves, that
is thickness and depth are important in determining how quickly ground water will move and what channel
it will take as it moves through the aquifer. This is because the thicker and deeper the aquifer the less porous
the aquifer is and it will take some time for groundwater to move and assume the direction where pores and
fractures are located. This knowledge helps in deciding how best to get water out of the ground for drinking
[6]. Geophysical investigation techniques are capable of locating these water bearing formations under
circumstances that are beyond the capabilities of older conventional methods [6]. Information concerning
the lithology, stratigraphic sequence and hydro geochemical characteristics of the subsurface material can
be provided through the aid of electrical resistivity prospecting method. This geophysical method
determines the variation in the subsurface distribution of electrical properties within the homogenous entity
of the earth [7]. Electrical resistivity survey, a geophysical survey technique has proved to be an effective
and a reliable tool in locating viable aquifers for continuous and regular water supply [8]. This method has
the advantage of non-destructive effect on the environment, cost effective, rapid and quick survey time and
less ambiguity interpretations of results when compared to other geophysical survey methods [9].
Correlations between hydraulic and geoelectric parameters have been studied by many authors [10]. These
correlations are important because empirical/semi-empirical relations derived from such relationships could
be used to extrapolate aquifer parameters using surface resistivity measurements. Unfortunately, the
conventional methods for the determination of hydraulic parameters such as pumping tests, permeameter
measurements and grain size analysis are invasive, relatively expensive and either integrate over a largest
volume of data or provide information only to a small section of the aquifer in the vicinity of the borehole
[11, 12]. For these reasons, empirical/semi-empirical relations of estimating the spatial distribution of
aquifer parameters such as hydraulic conductivity, transmissivity and aquifer depth are necessary. The
resistivity of materials depends on many factors such as; groundwater salinity, saturation, aquifer lithology
and porosity [13] on the other hand, resistivity is inversely proportional to the effective porosity and the
degree of saturation [14]. In the Basement Complex of Nigeria, extensive application of geoelectrical
method for groundwater investigation has been reported [15, 16]. Due to the poor supply of water to the
study area by the Adamawa State water board, most of the inhabitants obtain their water from boreholes
drilled around the area. Hence, the Schlumberger array which eliminates this problem is the most suitable
of all the resistivity arrays in investigating the occurrence of the aquifers within Yola and environs. This
study therefore involves the use of the resistivity geophysical method, specifically the Schlumberger array
to assess the average thickness of the aquifers within the study area so that apart from investigating the
locations of these water bearing formations, it will show how they occur beneath the subsurface in Yola
and environs, hence contributing to a better understanding of the hydrogeological characteristics of the
areas. Geochemical studies to determine the processes controlling water chemistry and to assess its quality
was carried out within and part of the study area and environs with respect to domestic and irrigation
purpose [17, 18, 19]. This research work is aimed at assessing the groundwater potentials and water quality
of Yola South and Environs.

2 THE STUDY AREA
The study area falls within latitudes 9° 09" 00” N to 9° 13°00” N and longitudes 12° 22° 00” E to
12° 30> 00" E, having area extent of 107.1648 km? (Figure 1). It is bordered to the east by Fufore to the
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Republic of Cameroun, to the west by Mayo-Belwa, to the North by Jimeta (Yola North) and to the south
by Gujibabu, Yadim and Choli. The study area is largely accessible by good network of road and foot path.
The main access stretches from Jimeta through Yola to Fufore and then the Republic of Cameroun [2].

c
~ © 5
_ o0 DD -
;E;—.v—&——:—-ﬂ—‘—w——b———‘:————r:— M
=2b N = £ z
me 28| D i i -
S = = -4 -
= f T o= =
: <0 -
2 = = <
L a 3 o 5
=
* ] © S6\V - ¥
2 f , :
- 7 _| 3 i |
S I ~> 5 oW w
= = | - =
= - :
- N
= QY . .
i S e E
Mh L ]
w
:J:.+ ™ '7
N JE
N
B
< *‘T|
3 |
|
41
l\)i
<l
>z =g
S
N
i g IE
< . g I
NO
N
O<>I w
| '
I ;
e L
= Y LS

Figure 1. Topographic map of the Study Area showing depth sounding and water sample locations

2.1 Geology of the Study Area

The Study area (Figure 2) is overlain by two formations mainly the Bima Sandstone and Fluvial
deposits (alluvium) as evidence of erosion represented on the Stratigraphy of Yola Arm of the Upper Benue
Trough (Figure 2). A major structural trend of NW- SE and NE-SW direction covers the Study Area [20].
Overlying the Precambrian basement rocks is the Albian Bima sandstone which is the oldest Cretaceous
sediment. The Aptian-Albian Bima Sandstone is the most important source and store of groundwater
resources in the Study Area and most have been exposed due erosion. Bima 3 formation is represented as
the overlying formation. Bima Sandstone is very prominent in the rifted basin especially the eastern half of
Yola Arm where it is highly exposed in distended Bagale-Gagare, Kiriwari and Lamurde highs [21, 22,
23]. Alluvium is loose clay, silt, sand, or gravel that has been deposited by running water in a stream bed,
on a floodplain, in an alluvial fan or beach, or in similar settings. Alluvium is also sometimes called alluvial
deposit. A general term for clay, silt, sand, gravel or similar unconsolidated detrital material, deposited
during comparatively recent geologic time by a stream or other body of running water, as sorted or semi-
sorted sediment. This sediment is called alluvium. Alluvial fans are usually created as flowing water
interacts with mountains, hills, or the steep walls of canyons. Streams carrying alluvium can be trickles of
rainwater, a fast-moving creek, a powerful river, or even runoff from agriculture or industry. The Yola Arm
of the Benue Trough experiences erosion and unconformity during Late Santonian to Recent Age.
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Figure 2. Geologic Map of study Area (modified from Benkhelil, 1989, NGSA map, 2004)
3 METHODOLOGY

The methods adopted in carrying out the research involves review of relevant literature, the use of
topographic map in the identification and demarcation of the study area. The second stage involves a
reconnaissance survey and subsequently a geological, geophysical survey (Data acquisition) using Vertical
Electrical Sounding (VES) and Hydrogeological mapping. Geo-electrical depth sounding to delineate the
nature of the subsurface at various points was carried out to deduce soil media, aquifer media, overburden
thickness and depth to water table using ABEM SAS 1000 C Terrameter. The third stage is interpretation
of data using software (IPI 2 Win, GW Chart and Surfer 12). Electrical resistivity method where electric
current was introduced into the ground and resistivity data acquired. Seventeen depth soundings made of
Schlumberger array configuration was carried out across areas underlain by diverse rock types, ensuring
adequate coverage of the Study area. The soundings were done using ABEM SAS 1000C Terrameter
(resistivity meter) with a maximum current electrode spread (AB) of 240m. The field data was interpreted
guantitatively on the log-log standard graphs in both Resist 1X1D Software and IPI2Win Resist Version 7.
Models were extracted with computer iteration from IPI2Win software and its good geological erudition
exterminates bad datum point to reduce the Root Mean Square Error (RMSE) during tomography.

4 RESULTS AND DISCUSSION
4.1 Aquifer Systems of the Study Area

Aquifer systems identified from resistivity cross section ranges from the multiple layers confined
aquifers of VES 5 and VES 9 locations having thin confined aquifers deposited upon the confining beds of
the major aquifer of interest. Other confined aquifers of interest are found at VES 1, VES 6, VES 7, VES
10, VES12, VES 14 and VES 15 locations of the study site. Aquifer of VES 1 location is confined by hard
rock of less than two meters thickness and same confinement of about 10m exist in VES 10. While the
remaining confining beds were clay beddings of variable thickness. Unconfined aquifers exist within
locations of VES 2, VES 3, VES 4, VES 11, VES13, VES 16, and VES 17 locations of the study site. These
locations were subject to vadose zone effect and less protective capacities due to the absence of confining
beds.
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4.2 Vertical Electrical Sounding Result

The result of the vertical electrical sounding for every VES point contains VES curves and table of
Altitude, Depth, Strata resistivity and Thickness of each layer are expressed in the rectangular table along
with each of the seventeen VES curves. Resistivity Cross Section reveals various layers mostly labeled
according to resistivity column corresponding to a particular lithology type of that resistivity cross section.
The VES curve has been subjected to tomography in order to produced Cross Sections of Pseudo apparent
resistivity and Resistivity. The word “tomography” is derived from the Greek word “tomos” meaning cut
or slice and “graphos” meaning drawing. Thus, tomography is based on the idea that an observed data set
consists of line integrals along projections of some physical quantity. Extermination of high root mean
square errors (RMSE) is possible during tomography in IPI2Win environment. It is reduced by
extermination of bad datum points during tomography. Geophysical resistivity surveys can help identify
resources without the need for sampling which are usually undertaken with minimal surface disturbance
and is about lithology type and suction capabilities of Strata (Table 1). This makes resistivity methods to
have more advantage over Seismic methods that are excellent in delineating boundaries of strata [3, 4, 24].

Table 1. Result of Tomography showing Geoelectric Primary parameters, suction values of longitudinal
conductance, lithological description, Curve type and RMS Error

VES Layers Thickness (m) Depth (m) Resistivity (2m) Longitudinal Lithological Number of Curve RMS
Point conductance descriptions layers type Error (%)
1 1 0.6 0.6 174 0.00346 Sandstone 3 K 0.321
2 0.654 1.254 24214 0.0009 Hard rock
3 50+ - 847.8 0.00472 Sandstone
2 1 0.8242 0.8242 86.1 0.02513 Alluvium 3 H 0.755
2 37 37.96 11.24 0.089 Silty sand
3 60+ - 2932 0.04087 Hard rock
3 1 0.55 0.5107 75.98 0.0771 Alluvium 3 H 0.624
2 4.02 4.528 6.54 0.0171 Sandstone
3 110+ - 31.81 0.094 Clay
4 1 23.93 23.93 160 0.1495 Sandy clay 3 A 0.0217
2 2.08 50 140 0.1856 Graywacke
3 70+ - 947 0.0211 Hard rock
5 1 0.341 0.341 749 4.6E-4 Sandstone 6 HKQ 0.11
2 0.266 0.607 8.47 0.03186 Clay
3 1.15 1.757 304 0.00378 Sandstone
4 2.66 4.417 116 0.22936 Clay
5 5.65 10.07 167 0.0339 Sandstone
6 110+ - 26.5 0.186 Clayish-shale
6 1 0.561 0.561 191 0.00293 Sandstone 4 QK 0.115
2 9.69 10.25 115 0.84257 Clay
3 10.2 20.45 87.9 0.1161 Sandstone
4 100+ - 0.00631 151.3384 Shale
7 1 1.495 1.495 142.2 0.01051 Sandstone 4 QK 0.691
2 6.496 7.991 29.85 0.21759 Clay
3 2241 304 161.8 0.1385 Sandstone
4 90+ - 0.6955 6.6124 Shale
8 1 1.019 1.019 159.3 0.00647 Sandstone 3 H 0.133
2 23.74 24.76 14.63 1.629 Shale
3 110+ - 2651 0.001 Hard rock
9 1 0.3243 0.3243 883.5 6.8E-4 Sandstone 6 HKQ 0.286
2 0.5667 0.891 18.21 0.03149 Clay
3 1.577 2.468 257.3 0.00613 Sandstone
4 4.073 6.541 13.55 0.30068 Clay
5 9.9488 16.49 207.6 0.0498 Sandstone
6 100+ - 0.5013 7.0019 Shale
10 1 0.9596 0.9596 85.19 0.01126 Sandstone 3 K 0.436
2 10.09 11.05 7562 0.00136 Hard rock
3 80+ - 1.37 0.2879 Sandstone
11 1 2571 2571 170 0.1512 Silty clay 2 A 0.285
2 110+ - 357 0.04322 Graywacke
12 1 4.40 4.406 172.8 0.0255 Silty sand 3 K 0.124
2 8.011 12.42 1194 0.00826 Sandstone
3 80+ - 1.926 3.93524 Shale
13 1 33 333 361 0.00922 Sand 3 K 0.088
2 234 26.73 1255 0.01865 Hard rock
3 70+ - 121 0.02702 Sand
14 1 0.5994 0.598 168 0.00358 Sand 4 HK 0.113
2 9.54 10.14 12.42 0.77082 Clay
3 13 23.14 72.8 0.1829 Sandstone
4 100+ - 0.0631 36.6127 Shale
15 1 6.86 6.86 17 0.4035 Clay 3 H 0.238
2 10.7 17.56 1.43 2.6855 Shale
3 100+ - 534 0.005 Sandstone
16 1 0.536 0.536 96.74 0.00554 Alluvium 3 A 0.124
2 18.66 19.2 504 0.03702 Sandstone
3 30+ - 54158 0.00011 Fresh basement
17 1 2.59 2.59 111 0.02333 Sand 3 H 0.419
2 1.01 3. 15.6 0.06475 Clay
3 40+ - 423 0.07422 Sandstone
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The tomography of 1D VES curve is possible within IPI 2 Win Version 7 Window only. It is an
integral process that produces both sections with their corresponding Pseudo apparent resistivity and
Resistivity Cross sections with their Legend of resistivity columns for interpretation as 2D Electrical
resistivity imagery (ERI). Resistivity technique is about lithology type, pore fluid content and suction rate
[24]. Lithology type can easily be deduced from Resistivity Cross Sections (Figure 3). While suction rates
were deduced from the Conductance environment. Hence, 3D Conceptual ground model was produced
from interpolation of 2D resistivity cross sections that has excellent corroboration with borehole logs and
correlated borehole logs (Figure 4). Root mean squared error (RMSE) is a good measure of accuracy; use
to compare prediction errors of different models or model configurations for a particular variable and not
between variables, as it is scale-dependent. In other words, it is the error of comparison between
observations and prediction. Based on a rule of thumb, it can be said that RMSE values between 0.2 and
0.5 shows that the model can relatively predict the data accurately.
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Figure 3. Vertical electrical sounding curves of Study area
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Figure 4. 2D Electrical resistivity imageries of the study area subsurface

Both Resistivity and Borehole logs were profiled through Topographic Map of the Study Area
(Figure 5) has the subsurface represented as geologic cross section (Figure 6). The Western aquifers are
mostly confined by clay beds of variable thickness. While the Eastern part experiences great un-
confinement of aquifers greatly. The aquifer systems of the Study area tend to increases in thickness
importantly from South to North from the representative Lithologs obtained from the selected sites in the
study area (Figure 5 and Figure 6). Perspective view of the terrain was modeled in three dimensions forecast
map. The profile section of the terrain through VES 17, VES 13, VES1, VES 2, VES 7, VES 9 and VES 8
reveals nature of the subsurface that can serve the purpose of site selection criteria for Dumpsite, Protection
measures for groundwater resource management and policy measures to prevent the aquifer from
contamination or pollution in the Study area (Figure 6). Similar results were obtained by [3, 4].
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Table 3 shows variation in aquifer resistivity, Conductivity and thickness due to lithologic
composition from which hydraulic parameters such as longitudinal conductance, hydraulic conductivity,
transmissivity, transverse resistance and aquifer protective capacity are deduced by computation. Greatest
thickness in aquifer assessed from resistivity cross sections was at VES 1, VES 10, VES13, and VES 15
locations beyond depth of 120m. Basement complex was encountered at VES 4, VES 8 and VES 16 at
respective depths of 50m, 40m and 25m with resistivity values above 5000Q m in their cross sections.
Agquifer resistivity value of about 1194Qm at VES 12 location is the highest and 11.24Qm is lowest at VES
2 location. Conductivity of the aquifer reciprocates that with lowest value at VES 12 and highest value at
VES 2. Highest transmissivity value of 2227.01m? /s occurs at VES 10 location and lowest at VES 12
location with value of 4.174m?/s. Hydraulic conductivity was determined using Heigold equation has its
highest value 40.44m?/s at VES 2 and lowest of 0.521m?/s at VES 12 location (Table 3). Aquifer protective
capacity was assessed by the sum of the aquifer overburden longitudinal conductance. Pervious substances
rates low, whereas impervious substances rates high. The highest rating of the Study site is at VES 15 and
VES 12 due to clay confinement. Lowest rating at VES 8 location assessed to be poor and non-aquifer zone
by Dar-Zarrouk editing function of the Interpretation software. VES 8 is the highest altitude of depth
sounding of about 215m above sea level and lowest is 144m at VES 10.

4.3 Aquifer Properties and Parameters

The aquifer properties of interest are Hydraulic conductivity and transmissivity that are obtained
by calculations. Aquifers parameters of interest comprises of both primary and secondary parameters of the
geoelectrical depth sounding. The primary parameters refer to aquifer thickness (h) and aquifer resistivity,
p as reciprocal of Conductivity from which secondary parameters comprising of Transverse Resistance and
Longitudinal Conductance are deduced. Aquifer protective capacities are determined from the rating of the
aquifer overburden longitudinal conductance in the conductance Window of IPI 2 Win.
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Table 3. Summary of Vertical electrical sounding Analysis showing Geoelectric parameters, Transmissivity, GPS, Altitude, Aquifer Overburden Longitudinal

VES Longitude Latitude Altitude Aquifer Thickness Longitudinal Transverse Hydraulic Transmissivity —Groundwater Aquifer AOLC APC Number
Point (m) resistivity  (m)  Conductance Resistance Conductivity T =Kb Supply Potential Conductivity  (mhos) Status  of Layers
(Qm) (mhos) Q) (m/day) (m2/day) (Sm-1

1 12.4432  9.202078 174 847.8 110 0.09431 93258 0.7168 79.2 Intermediate  0.001179523  0.0256 Poor 3
2 12.4228  9.175097 183 11.24 37.14 3.1109 417.45 40.44 1501.94 Very high 0.088967972  0.6479 Moderate 3
3 12.4828  9.182222 175 6.54 4.02 0.346 26.3 67.03 269.44 High 0.031436655 0.694  Moderate 3
4 12.4464  9.162052 163 140 24 0.0209 3360 3.8465 92.316 Intermediate  0.007142857 0.3359 Moderate 3
5 12.4711  9.173794 156 167 5.65 0.0215 943.55 2.42 13.6 Intermediate  0.005988024  0.2989 Moderate 6
6 12.372 9.203972 202 87.9 10.2 0.1161 896.58 5.94 60.588 Intermediate  0.011376564  0.9616 Good 4
7 12.4108  9.197694 184 161.8 22.41 0.01385  3625.94  3.36075 75.31 Intermediate  0.00618047  0.2281 Moderate 4
8 12.3569  9.162861 215 159.3 1.019 0.00647  162.327 341 3.4748 Low 0.006277 0.00647 Poor 3
9 12.3786  9.182422 200 207.6 9.948 0.0498 2065.2 2.664 26.5 Intermediate  0.004816956 0.5279 Moderate 6
10 12.4683  9.206528 144 17.37 81 0.02879  1406.97 27.494 2227.01 Very high 0.057570524  0.03032 Poor 3
11 12.4666  9.196929 175 357 110 0.04322 7140 1.606 176 High 0.00280112 3 Good 2
12 12.499 9.203361 178 1194 8.011 0.2879 9565.13 0.521 4.174 Low 0.000837521 0.02787 Poor 3
13 12.4739 9.2146 170 121 60 0.04322 7260 4.407 264.42 High 0.008264463 0.7744 Good 3
14 12.4289  9.209472 156 72.8 13 0.00826 9464 7.079 92.03 Intermediate  0.013736264  3.089 Good 4
15 12.3758 9.215 198 534 82.44 0.005 44022.96 1.103 90.93 Intermediate  0.001872659  0.04237 Poor 3
16 12.495 9.152 156 504 18.66 0.03702  9404.64 1.164 21.65 Intermediate  0.001984127 0.04237 Poor 3
17 12.483 9.203862 167 423 314 0.07422  13282.2 1.371 43.02 Intermediate  0.002364066  0.1458 Weak 3
Minimum 144 11.24 1.019 0.005 26.3 0.521 3.4748 Low 0.000838 0.00647 Poor 2

Maximum 215 1194 110 3.1109 93258 67.03 2227.01 Very high 0.088968 3.089 Good 6

Mean 176.2353 294.8441 36.994 0.25338  12135.37  10.269 296.5649 High 0.01487 0.639912 Moderate 3.5
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4.4 Hydraulic Conductivity

Hydraulic conductivity is a physical property which measures the ability of the material to
transmit fluid through pore spaces and fractures in the presence of an applied hydraulic gradient.
Hydraulic conductivity determined have highest value of 40.44m?%s at VES 2 and lowest value of
0.521m?/s at VES 12 location (Table 3). Saturated hydraulic conductivity is a quantitative measure of
a saturated soil's ability to transmit water when subjected to a hydraulic gradient. It can be thought of
as the ease with which pores of a saturated soil permit water movement. The nature of the aquifer
substratum is controlled by hydraulic conductivity (K) and geoelectrical resistivity (p). If the hydraulic
unit and current flow are dominantly horizontal in a typical aquifer it indicates low resistivity
substratum, the relationship between K and p is indirect. There is a linear connection between K and p,
for substratum that has low resistivity. If an aquifer is transmitting at an all-out volume of water, it is
likely that some possible recharge is being excluded in the recharge area. Aquifers in dry regions usually
have a deep vadose zone in the recharge areas, indicating a lack in the amount of potential recharge [25,
26, 27]. The spatial distribution of hydraulic conductivity (K) across study site are map and model in
Figure 7 and Figure 8.
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Figure 7. Map of spatial distribution of hydraulic conductivity

Figure 8. 3D spatial distribution of hydraulic conductivity of the Study area
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4.5 Transmissivity

Transmissivity which is described as the ease of fluid flow is the product of hydraulic
conductivity and aquifer thickness has also been analyzed and grid to produce transmissivity map of
the study site. It serves as important tool for quantifying groundwater resources availability at a
particular location. Although the invasive value of transmissivity obtained from pumping test results of
well (Yield Test) are more accurate compare to the non-invasive values of resistivity depth sounding.
The designation and groundwater supply potential can be inferred from the values of transmissivity
based on Krasny [28] classification of transmissivity magnitude. Groundwater supply potential
indicates the withdrawal potential of groundwater supply [28]. Both map and model of transmissivity
of the study site are illustrated (Figures 9 and Figure 10).
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Figure 9. Transmissivity Map of study site
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Figure 10. 3D Transmissivity Map of study site
4.6 Longitudinal Conductance
Longitudinal Conductance as a second order geoelectrical parameter was determined from the
Conductance environment of IP1 2 Win automatically. This environment describes suction rate at every

depth and very useful in deduction of lithology type, seepage and infiltration rate of rocks and beddings.
Hence, useful tool in determining aquifer protective capacity rating of every VES point and analyzed

196



Nigerian Journal of Engineering Science and Technology Research, Vol. 10, No. 1, 2024(185-200)

longitudinal conductance values with respect to depth for each of the seventeen VES locations were
calculated from the Conductance environment expressed with deduced depth distance in the row and
corresponding longitudinal conductance values in the two subsequent row with Location names and
VES number. The rating of protection capacities of aquifers depends on this parameter.

47 Transverse Resistance

Transverse Resistance, T, for every VES point has been calculated and grid to produced
Transverse Resistance map of study site that can serve the purpose of a guide for groundwater
exploration. Since most places of high Transverse Resistance corresponds with sufficient aquifer
thickness. Figure 11 and Figure 12, illustrate the map of transverse resistance and corresponding three
dimensional models.
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Figure 12. 3D Transverse Resistance Map of study site

4.8 Aquifer Protective Capacity

Aquifer protective capacity (APC) is the capacity of the overburden unit to impede and filter
percolating surface polluting liquid into the aquiferous unit. One of the second order geoelectric
parameter (Dar Zarrouk parameter), longitudinal conductance was evaluated from the primary or first
order parameters (thickness and resistivity) of the geoelectric subsurface layers automatically from
Conductance environment and were used in the classification of the APC of the area. Highly impervious
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materials such as clay and shale usually have high longitudinal conductance values (resulting from their
low resistivity values) while pervious materials such as sand and gravels have low longitudinal
conductance values (resulting from their high resistivity values). As high longitudinal conductance
value corresponds to excellent and good APC, low longitudinal conductance values are associated with
poor and weak APC. Based on longitudinal conductance values, overburden units can be classified into
excellent, very good, good, moderate, weak and poor aquifer protective capacity. Overburden units with
longitudinal conductance value >10 mhos give an excellent APC and longitudinal conductance values
ranging from 5 to 10 mhos give rise to very good APC. Longitudinal conductance values in the range
of 0.7 to 4.9 mhos and 0.2 to 0.69 mhos give rise to good and moderate APC ratings, respectively. Weak
and poor APC ratings are defined by longitudinal conductance in the range of 0.1 to 0.19 mhos and
<0.1mhos, respectively [29]. Four noticeable aquifer protective capacity zones were defined, namely
poor (VES 1, VES 8, VES 11 and VES 16), weak (VES 17 and VES 13), moderate (VES 2, VES 3,
VES 4, VES 5, VES 7, VES 9, and VES 10) and good (VES 6, VES 12, VES 14, VES and VES 15)
aquifer protective capacity zones are less vulnerable to contamination. The good and medium aquifer
protective capacity zones coincide with zones of considerable overburden thicknesses with clayey
column and low resistivity while the weak and poor zones coincide with zones of shallow or thin
overburden and high electrical resistivity and have higher attenuation property on contaminated fluids
so that in the face of contamination such zones are apparently Safe. The spatial distribution of the
longitudinal conductance of the overburden units of the study area is presented on the aquifer protective
capacity map and three-dimensional model of study area (Figure 13 and Figure 14) with highest rating
at VES 12 and VES 15 locations and lowest values at VES 4and VES 8 locations.
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Figure 14. 3D spatial distribution of Aquifer Protective Capacity of the Study site
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5 CONCLUSIONS

The result of the resistivity cross sections obtained from the tomography of the seventeen depth
sounding locations using IP1 2 Win software have good correlation with borehole logs of the Study site.
The resistivity cross section of every location defines the subsurface lithology of that location in
particular. The basement complex was encountered at VES 4, VES 8 and VES 16 locations of the Study
site at the respective depth of 50m, 40m, and 25m evidenced by resistivity value above 5000 Q m in
their cross sections. Electrical resistivity imageries are compared with surrounding borehole logs in
order to validate the capability of resistivity method in subsurface investigation and have exhibited
excellent corroboration rather than stochastic assumptions. Therefore, a reliable method of subsurface
investigation within scientific honesty and justifications was adopted for this thesis.
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