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ABSTRACT5

The study is aimed at delineating groundwater potential zones of the alluvial formations6
using Dar Zarrouk Parameters and groundwater flow direction on the floodplain. This will7
help the farmers to utilize the floodplain shallow wells for the dry season farming. Shallow8
wells on the floodplain of River Benue are the main sources of water supply for irrigation9
activities. The floodplain is underlain by Bima sand stones. Twenty four profiles of vertical10
electric soundings using Schlumberger array method with the aid of a sensitive ABEM Signal11
Averaging System (SAS) was used for investigation. The results were compared with the12
alluvial floodplain lithologies at each sounding points with resistivity values ranging between13
0.146 Ωm to 9,873.6 Ωm and depths varying from 0.2 to 38.33 m. The geoelectric sequence14
of the alluvial formations of the floodplain reveals semi aquifer system. The aquifer hydraulic15
characteristics indicated that the transverse resistance, R rangeed between 2,626.70 Ωm2 to16
241,252.38 Ωm2 with a mean value of 45,172.17 Ωm2. The longitudinal conductance, S17
ranged between 0.001 to 0.221 with an average value of 0.036. The hydraulic conductivity18
value across the floodplain ranged between 0.21 m/day to 29.06 m/day with a mean value of19
11.22 m/day. The transmissivity values obtained for the various layers range between 1.6820
m2/day to 808.16 m2/day with an average value of 214.07 m2/day. Three groundwater21
potential zones were delineated on the floodplain. The results of the hydraulic head reveal22
that the water levels in the floodplain are higher than the River and recharge the River.23

Keywords: River Benue, Irrigation, Alluvial formations, Dar Zarrouk Parameters,24
Groundwater, Schlumberger25

1.0 INTRODUCTION26

Groundwater has always been considered to be a readily available source of water for27
domestic use, agriculture and industry. In many parts of the world, especially arid and semi-28
arid regions, groundwater extracted for a variety of purposes has made a major contribution29
to the improvement of the social and economic circumstances of human beings. Shallow30
wells on the alluvial formations serve as main water supply for irrigation during the dry31
season period. For good management of groundwater aquifer parameters are necessary. As a32
result shallow groundwater is also the source of much of the water used for irrigation [1], and33
is the principal resource of fresh water and represents much of the potential future water34
supply. Resistivity survey in particular has the potential for tracing the groundwater levels in35
an area. Geophysical investigations provide a rapid and cost-effective means of developing36
information on subsurface hydrogeology [2, 3]. For the purposes of this research work, the37
application of electrical resistivity survey method using vertical electrical sounding was38
applied. Vertical electrical sounding is a geoelectrical method commonly used to measure39
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vertical alterations of electrical resistivity. This method has been recognized to be more40
suitable for hydrogeological survey of sedimentary basins than the other resistivity methods41
[4, 5].42

The Dar Zarrouk Parameters derived from surface geoelectric soundings have proven43
to be important in understanding the spatial distribution of aquifer hydraulic parameters.44
Studies by [6, 7] derived analytical relations between aquifer transmissivity and transverse45
resistance. [8] first introduced the concept of Dar Zarrouk parameters, when the thickness and46
resistivity of subsurface layer known, its transverse resistance and longitudinal conductance s47
can be estimated. The research is aimed at delineating groundwater potential zones on the48
shallow alluvial aquifers on the floodplain of River Benue using Dar Zarrouk Parameters49
derived from geoelectric resistivity soundings.50

2.0 STUDY AREA51

The study area  is located in Adamawa State North Eastern part of Nigeria, between52
latitudes 9°17′ to 9°19"N and longitude 12°24′30" to 12°28′30"E of the equator of the53
Greenwich meridian (Figure 1). It shares a boundary with Cameroon Republic along its54
eastern border. The state covers a land area of about 38,741 km2 with a population of55
3,168,101 people, and a population density of 82 persons per square kilometre [9]. The56
floodplain is drained by the River Benue, which is the largest and only perennial river in the57
area [10]. The River Benue is fed by two major streams in Cameroon; Mayo Kebbi and River58
Faro and flows into River Niger 1400 km downstream. The elevation of the study area varies59
from 149 to 172 m above mean sea level and falls within the Upper Benue Basin. Adamawa60
State has some of the longest mountain ranges and breath-taking landscape sceneries in the61
country with areas as low as 129 m and as high as 2042 m above sea level [10]. The land62
rises from the low-lying Gongola and Benue valleys to the rugged hills to the northeast63
defining the Mandara Alantika Shebshi Mountain Ranges and the central portion, which is64
dotted with isolated uplift such as the Lamurde Longuda, Song-Bagale and Yardang hills65
[10].66
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67

Figure 1: Topographic map of the research area showing the VES stations68

2.1 Geology of the research area69

The Benue floodplain in the region of Yola is underlain by sedimentary rocks, which70
consist of two stratigraphic units [11, 12]. The feldspathic Bima sandstone and the Yola71
sandstone (Figure 2) are found along the main course of the bank of the River Benue valley72
and its tributaries and consist of all grain size between clays and pebbly-sands [13, 14].73
Detailed description of the Bima Sandstones were provided by [12], [15], [16], [17] and [18]74
into B1, B2 and B3 Bima group. The outcrops of the Bima group belong to the Bima 2 and75
Bima 3 in the Yola arm [19]. The Bima sandstones (B2) varies from fine to coarse grained76
[15], and the deposits were regarded as of proximal braided river origin [20]. The upper Bima77
Sandstones (B3) is fairly homogenous, relatively mature, and fine to coarse-grained78
sandstone, characterized by tabular cross-bedding, convolute bedding and overturned cross-79
bedding [21]). The Bima sandstone occurs in the western and southwestern parts of the study80
area (Figure 2). The river alluvium (recent) belongs to the Quaternary age and is found along81
the main course of the Benue River, and extends towards the northwestern and southeastern82
parts of the study area (Figure 2). The river alluvium consists of poorly sorted sands, clays,83
siltstones and pebbly sand [13, 14].84
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Figure 2: Geological map of the research area86

3.0 MATERIALS AND METHODS87

3.1 Resistivity Soundings88

Twenty four resistivity soundings were carried out on the floodplain of River Benue89
Lake Geriyo irrigation project to explore the shallow alluvial groundwater. ABEM (SAS300)90
Terrameter was used employing the Schlumberger method. Current was introduced into the91
ground through a pair of current electrodes and with potential electrodes at the center of the92
array. Measurements were made in a series of readings involving successively larger current93
electrode separation. The data were plotted on a logarithmic scale to produce a sounding94
curve representing apparent resistivity variation as a function of half current-electrode95
separation AB/2. The potential electrodes were installed at the center of the electrode array,96
with a small separation, typically less than one fifth of the spacing between the current97
electrodes. The current electrodes were increased to a greater separation during the survey,98
while the potential electrodes remain in the same position until the observed voltage becomes99
too small to measure. The depth of the resistivity sounding is typically 1/3 of the electrode100
spacing [22, 23, 24]. Apparent resistivity ( ) values were estimated using the following:101 ρ = K 1102

where K is the geometric factor, and is the resistance reading.103

K=104 ( ) 2105

where “a” is spacing between potential electrode and S is spacing between current electrodes106
[25].107

3.2 Dar Zarrouk Parameters108
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The Dar Zarrouk Parameters was used for the estimation of the aquifer transmissivity109
of the alluvial floodplain. The Dar Zarrouk parameters (longitudinal conductance S and110
transverse resistance Tr are defined by using equations 3 and 4 [6, 26, 27].111

S = hρ + hρ + hρ + −− − − − − − − + hρ = hρ 3
Tr = ρ h + ρ h + ρ h + − − − − + ρ h = ρ h 4

where h is aquifer thickness, ρ is resistivity. The relationship between aquifer transmissivity112
and longitudinal conductance is express as113 Tr = KδR = KSσ 5
where Tr = aquifer transmissivity, K = hydraulic conductivity, σ = electrical conductivity114
(reciprocal of resistivity), R = transverse resistance and S = longitudinal conductance.115

The hydraulic conductivity K was estimated from the relation,116 K = 386.40Rrw . [28] 6
where Rrw is aquifer resistivity value, which was used in calculating the transmissivity of the117
alluvial floodplain Geriyo Irrigation Scheme of River Benue.118

4.0 RESULTS AND DISCUSSION119

Three groups of electro-stratigraphic earth models were obtained from the analysis of120
the resistivity data (Table 1): these are five electro-stratigraphic model groups, four electro-121
stratigraphic model groups and three electro-stratigraphic model groups. It is observed from122
the geoelectric section that the first layer is characterized by low resistivity values varying123
between 159.46 Ωm to 327.69 Ωm and aquifer thickness varying from 0.74 to 3.29 m, the124
low resistivity value of this layer suggests high aquifer potential. [26], [27] and [29] stated125
that aquifer with low resistivity values indicates high aquifer potential. The second layer has126
resistivity and thickness values varying between 702.03 Ωm to 1,460.00 Ωm and 4.84 m to127
11.62 m. The high value of resistivity at the top layer may correspond to the unsaturated128
zone, as observed by [30], since the soundings were carried out during the dry season period.129
Third layer has resistivity and thickness value varying between 49.21 Ωm to 545.13 Ωm and130
5.45 m to 22.36 m, this layer show low resistivity, suggesting high aquifer potential. The131
fourth layers have resistivity values vary from 154.55 Ωm to 174.47 Ωm and thickness varies132
from 16.12 m to infinite thickness, suggesting high aquifer potential.133

134

135

136

137
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Table 1: Average resistivity and thickness values for the three groups of electro-139
stratigraphic earth model140

Model type
First
layer

Second
layer

Third
layer

Fourth
layer

Fifth
layer

Five Resistivity (Ωm) 159.46 1,460.00 49.21 174.47 184.5
Thickness (m) 0.74 5.44 5.45 16.12 -

Four Resistivity (Ωm) 246.19 1,402.42 470.07 154.55 -
Thickness (m) 1.9 4.84 22.36 - -

Three Resistivity (Ωm) 327.69 702.03 545.13 - -
Thickness (m) 3.29 11.62 - - -

The resistivity results reveal twelve different types of curves, for the twenty four141
resistivity sounding points in the floodplain (Table 1). [31] and [32] stated that the shape of a142
VES curve depends on the number of layers in the substratum, the thickness of each layer,143
and the ratio of the resistivity of the layers. The curve types include A= ρ1<ρ2<ρ3, AA=144
ρ1<ρ2<ρ3<ρ4<ρ5, AK= ρ1<ρ2<ρ3>ρ4, H= ρ1>ρ2<ρ3, HK= ρ1>ρ2<ρ3>ρ4, K= ρ1<ρ2>ρ3,145
KH= ρ1<ρ2>ρ3<ρ4, KHK= ρ1<ρ2>ρ3<ρ4>ρ5, KQ= ρ1<ρ2>ρ3>ρ4, Q= ρ1>ρ2>ρ3, QH=146
ρ1>ρ2>ρ3<ρ4 and QQH= ρ1>ρ2>ρ3>ρ4<ρ5. Curve KH is common for the resistivity147
soundings constituting about 20.83% of the total curves. Curve K constituting about 16.66%148
of the total curves, HK curve constitute 12.5% of the total curve, A, H and QH curves149
constitute 8.33% each of the total curve and curves AA, AK, KDK, KQ, Q and QQH150
constitute only 4.17% each of the total curve. The VES curves were interpreted in terms of151
the subsurface geoelectric parameters (layer resistivity and thickness) at each location. These152
enabled the determination of the geoelectric layer depths to the alluvial sediment beneath the153
VES stations. The VES fitting error obtained ranges between 0.9 to 4.2 %, with an average of154
2.73% (Table 2), which falls within the acceptable error limits, which is 0 to 15%.155

Table 2: Geoelectric parameters and lithology delineation at Alluvial Floodplain of River156
Benue157

VES
Station

Layers
Resistivity
(Ωm)

Thickness
(m)

Depth
(m)

Lithology Curve type
Fitting
Error %

1

1 156.8 0.66 0.66 silt
QH

ρ1>ρ2>ρ3<ρ4
1.85

2 68.65 5.98 6.64 sand
3 21.38 13.8 20.44 silt
4 135.4 sand

2
1 10.72 1.65 1.65 Silt

A
ρ1<ρ2<ρ3

2.492 16.02 26.16 27.81 Sand silt
3 279.2 sand

3
1 735.5 1.64 1.64 clay

KH
ρ1<ρ2>ρ3<ρ4

1.722 3600.4 2.14 3.78 sand
3 128.2 48.1 51.88 silt

UNDER PEER REVIEW



7

4 186.1 sand

4

1 27.48 2.41 2.41 Silt
HK

ρ1>ρ2<ρ3>ρ4
3.73

2 18.9 11.5 13.91 Clay
3 4001.6 3.44 17.35 Sand silt
4 1.47 Sand

5

1 17.26 1.52 1.52 Clay

AA
ρ1<ρ2<ρ3<ρ4<ρ5

3.72
2 20.13 13.65 15.17 Silt
3 49.39 6.01 21.18 clay
4 112 16.28 37.46 Sand silt
5 283.1 Sand

6
1 116.5 3.25 3.25 Silt

K
ρ1<ρ2>ρ3

2.602 3252.7 2.77 6.02 Sand silt
3 105.8 Sand

7
1 36.58 4.21 4.21 Silt

H
ρ1>ρ2<ρ3

1.352 3.95 3.1 7.31 clay
3 318.8 Sand

8
1 508.8 1.59 1,59 Clay

K
ρ1<ρ2>ρ3

2.412 937.3 11.01 12.6 silt
3 108.7 Sand

9

1 193.7 0.26 0.26 silt
KH

ρ1<ρ2>ρ3<ρ4
3.81

2 492.1 6.14 6.4 Sand
3 144.1 85.2 91.6 silt
4 391.1 Sand

10
1 1800.1 3.06 3.06 Silt

Q
ρ1>ρ2>ρ3

0.92 179.4 10.23 13.29 Sand silt
3 102 Sand

11

1 260.7 0.49 0.49 Sand
QH

ρ1>ρ2>ρ3<ρ4
1.662 60.08 6.17 6.66 silt

3 8.34 3.45 10.11 Sand
4 119 Sand

12

1 432.2 0.2 0.2 clay

QQH
ρ1>ρ2>ρ3>ρ4<ρ5

1.1
2 36.42 1.98 2.18 silt
3 22.52 7.27 9.45 clay
4 14.02 5.55 15 Sand silt
5 152 Sand

13

1 23.89 1.5 1.5 clay
KH

ρ1<ρ2>ρ3<ρ4
2.03

2 90.76 1.58 3.08 silt
3 59.09 33.2 36.28 Sand silt
4 128.5 Sand

14
1 27.12 10.13 10.13 Clay

HK
ρ1>ρ2<ρ3>ρ4

3.052 2.16 5.13 15.26 Silt
3 99.01 13.1 28.36 Sand silt
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4 0.146 Sand

15

1 28.93 0.506 0.506 Silt

KHK
ρ1<ρ2>ρ3<ρ4>ρ5

3.76
2 4324 0.673 1.179 Clay
3 75.71 3.08 4.259 Silt
4 397.4 26.5 30.76 Sand silt
5 118.4 Sand

16
1 50.86 7.5 7.5 Silt

H
ρ1>ρ2 <ρ3

2.922 8.01 5.29 12.79 Sand silt
3 456 Sand

17
1 43.17 1.36 1.36 Silt

K
ρ1<ρ2>ρ3

2.982 1003.7 2.71 4.07 Sand silt
3 133 Sand

18

1 61.65 1.32 1.32 Clay
AK

ρ1<ρ2<ρ3>ρ4
3.34

2 255 1.72 3.04 Sand
3 6.14 4.6 7.64 Silt
4 400.8 Sand

19

1 869.5 1.28 1.28 Silt
KQ

ρ1<ρ2>ρ3>ρ4
4.2

2 1664.4 6.71 7.99 Clay
3 372.9 20.1 28.09 Sand silt
4 73.77 Sand

20
1 373.6 1.45 1.45 Sand

K
ρ1<ρ2>ρ3

2.942 888.7 5.89 7.34 Silt
3 132.2 Sand

21
1 100.5 0.577 0.577 Clay

KH
ρ1<ρ2>ρ3<ρ4

3.922 9873.6 1.18 1.757 Sand silt
3 26.37 5.14 6.897 Sand
4 216.3

22
1 491.2 1.38 1.38 Clay

KH
ρ1<ρ2>ρ3<ρ4

2.98
2 701.6 5.78 7.16 silt
3 24.28 4.89 12.05 Clay
4 187.4 Sand

23
1 8.91 5.54 1.54 Clay

A
ρ1<ρ2<ρ3

2.062 29.02 36.8 42.34 Sand silt
3 3270.5 Sand

24

1 6.23 1.12 1.12 Silt
HK

ρ1>ρ2<ρ3>ρ4
3.99

2 1.43 3.91 5.03 Clay
3 740.4 33.3 38.33 Sand silt
4 14.56 Sand

The geoelectric section along AB and CD (Figure 1) were used to delineate the158
aquifer system into semi confined and confined aquifer type (Figure 3). The aquifer consists159
of fine, medium to coarse grained sand as revealed by the geoelectric sequence beneath the160
floodplain. The thickness of the semi confined and confined aquifers along AB ranged from161
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0.506 m to 37.46 m with an average of 21.54 m while the thickness along CD ranged from162
1.64 m to 28.36 m with a mean value of 17.60 m.163

164

Figure 3: The geoelectric section along AB and CD transect (in Figure 1) on the floodplain.165

The aquifer hydraulic characteristics of the floodplain were estimated using Dar166
Zarrouk Parameters (transverse resistance, R and longitudinal conductance, S in porous167
media) [33]. The longitudinal conductance range between 0.001 to 0.221 with an average168
value of 0.036 (Table 5). The longitudinal conductance was used to predict the aquifer169
protective capacity [34]. The longitudinal conductance is low in the northwest part of the170
study area and high in the southeastern part of the study area (Figure 4). [35] stated that171
longitudinal conductance S>1.0 indicates high aquifer protection while longitudinal172
conductance S<1.0 indicates probable risks of contamination. The longitudinal conductance173
obtained is low this suggests that aquifers across the floodplain are liable to probable risks of174
contamination. The aquifers on the floodplain are underlain by loose permeable layer. Study175
by [36] in their study observed God to poor protective capacity on the floodplain of Igbara176
southwestern Nigeria. Transverse resistance is used in the determination of zones of177
groundwater potential [35, 37, 38]. The transverse resistance obtained ranges between178
2,626.70 Ωm2 to 241,252.38 Ωm2 with a mean value of 45,172.17 Ωm2 (Table 5). The179
maximum transverse resistance was obtained in the eastern part of the study area while the180
minimum transverse resistance were obtained in the northwestern, western, southwestern and181
southern parts of the study area (Figure 5). This suggests that aquifer potential is high in the182
eastern part of the study area, and therefore the yield is high. Similar study was carried out in183
Behbahan Azad University farm, Khuzestan Province, Iran by [38] observed high aquifer184
potential. [39] stated that low transverse resistance indicates inadequate aquifer thickness or185
highly mixed finer sediments on the floodplain. The hydraulic conductivity result range186
between 0.21 m/day to 29.06 m/day with a mean value of 11.22 m/day (Table 5). Based on [40]187
standard, 75% of the values indicated hydraulic conductivity of fine, medium and coarse sand which188
allows free flow of water to recharge the aquifers and 25% of the values indicated loam soils (Table189
3). The hydraulic conductivity is low in the northwestern, western and southwestern parts of the study190
area and high in the northern, southern and southeastern parts of the study area (Figure 6). This191
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suggests that the northern, southern and southeastern parts of the study area have high permeability in192
the floodplain sediments. The transmissivity values for the various layers range between 1.68193
m2/day to 808.16 m2/day with an average value of 214.07 m2/day (Table 5), which indicates194
low to high aquifer potentials and groundwater supply potential of small withdrawal for local195
water supply to withdrawal of lesser regional importance (Table 4). The transmissivity is low196
in the eastern, northwestern, western and southwestern parts of the study area and high in the197
northern, southern and southeastern parts of the study area (Figure 7). Studies by [41] in Nile198
Delta, Egypt and [42] in southern parts of Kaduna State, North Western Nigeria reported199
trransmissivity ranges from low to high. Groundwater potential zones were delineated on the200
Geriyo irrigation floodplain of River Benue. [39] stated the Transverse Resistance201
TR<200,000 is very low, TR<400,000 is low, TR<600,000 is moderate, TR<800,000 is high202
and TR<1,000,000 is very high groundwater potential. This suggest that three groundwater203
potential zones (very low, low and moderate potential) were delineated on the floodplain of204
the study area (Figure 8)205

Table 3: Standards for Hydraulic Conductivity (K) [40]206

Materials K Ranges (m/day)
Clay Soils (surface) 0.01 – 0.2
Deep clay beds 10-8 to 10-2

Loam soils (surface) 0.1 to 1
Fine Sand 1 to 5
Medium sand 5 to 20
Coarse Sand 20 to 100
Gravel 100 to 1000
Sand and gravel mixes 5 to 100
Clay, sand, and gravel mixes (till) 0.01 to 0.1

Table 4: Standard for Transmissivity (T) [43]207

T (m2/day) Designation Groundwater Supply Potential
>1000 Very high Withdrawal of great regional importance
100 - 1000 High Withdrawal of lesser regional importance
10 - 100 Intermediate Withdrawal for local water supply (small community, plants etc)

1 - 10 Low
Small withdrawals for local water supply (private consumption
etc)

0.1 -1 Very low Withdrawal for local water supply with limited consumption
<0.1 Impermeable Sources for local water supply are difficult if possible to ensure

208

209

210

211
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Table 5: Dar Zarrouk Parameters at Alluvial Floodplain of River Benue212

VES
Aquifer

Resistivity
ρ (Ωm)

Aquifer
Thickness

h (m)

Aquifer
Cond.
σ = 1/ρ

Transverse
Resistance=∑ ρ h

Longitudinal
Conductance= ∑ Hydraulic

cond.
K(m/day)

Transmissivity
Tr=Kh

1 382.23 20.44 0.0026 7812.78 0.053 7.48 152.89
2 305.94 27.81 0.0033 8508.19 0.091 29.06 808.16
3 4650.2 51.88 0.0002 241252.38 0.011 4.18 216.86
4 4049.45 17.35 0.0002 70257.96 0.004 24.91 432.19
5 481.88 37.46 0.0021 18051.22 0.078 4.74 177.56
6 3475 8.02 0.0003 27869.50 0.002 0.21 1.68
7 359.33 7.31 0.0028 2626.70 0.020 13.45 98.32
8 1554.8 12.6 0.0006 19590.48 0.008 0.65 8.19
9 1221 91.6 0.0008 111843.60 0.075 3.74 342.58

10 2081.5 13.29 0.0005 27663.14 0.006 3.06 40.67
11 448.12 10.11 0.0022 4530.49 0.023 8.47 85.63
12 657.16 15 0.0015 9857.40 0.023 21.15 317.25
13 302.24 36.28 0.0033 10965.27 0.120 8.6 312.01
14 128.436 28.36 0.0078 3642.44 0.221 17.78 504.24
15 4944.44 30.759 0.0002 152086.03 0.006 1.45 44.60
16 514.87 12.79 0.0019 6585.19 0.025 9.89 126.49
17 1179.87 4.07 0.0008 4802.07 0.003 0.61 2.48
18 723.59 7.64 0.0014 5528.23 0.011 71.1 543.20
19 2980.57 28.09 0.0003 83724.21 0.009 1.54 43.26
20 1394.5 7.34 0.0007 10235.63 0.005 0.69 5.06
21 10216.77 6.897 0.0001 70465.06 0.001 18.26 125.94
22 1404.48 12.05 0.0007 16923.98 0.009 0.86 10.36
23 3308.43 42.34 0.0003 140078.93 0.013 16.7 707.08
24 762.62 38.33 0.0013 29231.22 0.050 0.81 31.05

Mean 1980.31 23.66 0.0015 45172.17 0.036 11.22 214.07
213
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214

215

Figure 4: Aquifer longitudinal conductance across the floodplain216
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218

Figure 5: Aquifer transverse resistance across the floodplain219

220
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221

Figure 6: Aquifer hydraulic conductivity across the floodplain222

223

224
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Figure 7: Aquifer tarnsmissivity across the floodplain225

226

227

228

Figure 8: Groundwater potential map of the study area229

Figure 9 show the hydraulic heads across the floodplain obtained from twenty four230
VES stations. The flow is from southern part of the study area towards the northeastern part231
of the study area (Figure 9). The south, southeast, eastern and northern parts of the study area232
constitute the discharge areas, while northwest and southwest constitutes the recharge area233
(Figure 9). It is also observed that the floodplain groundwater is higher than the River during234
the dry season period and it recharges the River [44].235
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237

Figure 9: Hydraulic head distribution in unconfined aquifer in the study area238

239

5.0 CONCLUSION240

The resistivity sounding results reveal three groups of electro-stratigraphic earth241
models; these are three, four and five geologic layers beneath the alluvial formation. The242
resistivity sounding results reveal twelve different types of curves, which include A, AA, AK,243
H, HK, K, KH, KHK, KQ, Q, QH and QQH, with curve KH is most common among the244
curves constituting about 20.83% of the total curves. The geoelectric section revealed that the245
aquifer type on the floodplain is semi confine to confined aquifer system and consists of fine,246
medium to coarse grained sand. The longitudinal conductance reveals that aquifers across the247
floodplain are liable to probable risks of contamination and the underlain by permeable layer.248
The transverse resistance result shows that aquifer potential is high in the eastern part of the249
study area. The hydraulic conductivity result shows permeability of fine, medium and coarse250
sand which allows free flow of water to recharge the aquifers. The hydraulic conductivity251
shows that the northern, southern and southeastern parts of the study area have high permeability in252
the floodplain sediments. The transmissivity values reveal low to high aquifer potentials and253
groundwater supply potential of small withdrawal for local water supply to withdrawal of254
lesser regional importance. Three groundwater potential zones (very low, low and moderate255
potential) were delineated on the floodplain of the study area. The hydraulic head results256
reveal that the flow is from the southern part towards the northeastern part of the study area.257
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