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Abstract

This work investigated water-bearing formation andetermined the water
table in Afuze, a major town in Edo state, Nigeriasing electrical sounding

techniques with the schlumberger electrode configtion The ABEM SAS

300B Terrameters was used in this work to carry dreésistivity soundings
from several locations which were evenly distribdtevithin the study area.

The value of the apparent resistivities got, we@puted manually and with

computer and plotted on log-log graph, all of whicdre shown in this work.

The interpretation was done qualitatively and quéatively by comparison of
resistivity curve type and curved matching technégurespectively. Models
were generated for computer iterative technique aBdrehole data were also
collected using spontaneous potential logging methas well as driller's log

in some selected sites within the study area so tascorrelate surface

measurement with borehole records. Analysis basedtloree depth related
resistivity contour VES, as well as selected crssstional profiles confirm the

existing dual regional geological environment of éharea. Finally, it was

established, from The result obtained that the watsearing formation at

Afuze was mainly sand and was found at depth betm@2.6m-50m.

pp 457 - 464

1.0 Introduction

There is no doubt that water is among the commonest but mostysrecibstances on earth, vital
for any form of life. In Africa, Afuze is a major town in E&ate Nigeria, where there is problem of
acute water shortage due to the fact that there is handlpatural surface water such as streams, lakes,
springs, rivers and so on, and where available they may tdoofarthe communities or hilly to fetch
water for domestic use. Consequently the importance of undergrousdimuegstigation cannot be over
looked The geophysical techniques most widely employed for exploratork are seismic, gravity,
magnetic, electromagnetic, radioactive, and electrical loggetihods. For the purpose of this work, the
electrical method was used. Electrical resitivity is gamly used for ground water investigation. It
involves the measurement of apparent resistively of soils @ric ras a function of depth or position.
(Osemeikhian and Asokhia, 1994) [6].

Vertical Electrical Sounding [VES] is the most widely usadctrical technique because it
enables quantitative interpretation of measured apparentviggidtita to be made. In practice the basic
principle underlying this method is to pass current into the grdwnoheans of two electrodes called
current electrodes and to measure potential differences &ypsnué two other electrodes called potential
electrodes. The principle of operation depends on the fact thauarsurface variation in conductivity

Journal of the Nigerian Association of Mathematic&hysics, Volume 9 (November 2005)
Determination of water table O. C. Molua and J. Bmagbetere J of NAMP



alters the form of current flow within the earth and this in affacts the distribution of electric potential.
Thus, it possible to have information about the sub-surface formationp&temtial measurements made
at the surface. (Okwueze, 1996) [5].

2.0 Theory
It has been shown (Zohdy, 1973) [7] that the electric potevitihie to a single point source in a
homogeneous and isotropic medium is giving by

_lp
>R (2.1)
where | = Current magnitude Passed [A]
© = Apparent resistivity Qm]
R = Distance [m]
The case of a single current source connected to the ground is shown in Figure 1

.

Figure 1: Single current source

However in prospecting, two current electrodes are normally used. Bkisscghown in Figure 2.
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Figure 2: Two current sources
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In Figure 2, (Dobrin, 1988 [3]), A and B are current electrodesewiland N are potential electrodes.
The potential due té atM is given by.

A Y
= 2.2
M =5 AV (2.2)
while the potential due tA atN is given by
A 1o
VN = 2.3
N =5 7(AN) (2.3)
Similarly
B o
VMV =——— 2.4
M = B (2.4)
B o
VN = 2.5
N =5 72(BN) (2.9)
The potential aM due toA andB is given by
VB =v - (2.6)
Therefore
yie=_ P _ 1P 2.7)
2i(AM)  271(AM)
lp, 1 1
= - 2.8
20 A BV (2:8)
Similarly
vpe=_P 1P 2.9)
271(AN)  2m(BN)
_lp)1 1 (2.10)
2m (AN BN
Difference in potential &l andN is thus given by
AV =V B -viB (2.11)
Thatis. ~ av=2) 1 _ 11l o)1 1 (2.12)
2| AM  BM 2| AM  BM
:I_p{1_1_1+1} (2.13)
2T AM BM AN BN
Therefore, the ground resistivity is given by ,0=AV 2n (2.14)
1 1 1 1 N 1
AM BM AN BN
. . AV
Equation (2.14) can be written as p=K EN (2.15)
Thus K = 27 (2.16)

1 _1_1_ 1
AM BM AN BN
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And K is defined as the geometric factors of the electrodg aystem. When the ground is uniform, the
resistivity calculated from equation 15 above should be conatahtindependent of both electrode
spacing and surface location. For an inhomogeneous Earth, howevesidtwity will vary with the
relative position of the electrode. Any computer value is thezakferred to as ‘apparent resistiviBa
and will be a function of the ininhomoegeneity (Beck, 1981 [2]).

3.0 Dataacquisition and inter pretation of sounding curves.

The ABEM SAS 300B was utilized in data gathering. A tathlthree vertical electrical
soundings [VES] were undertaken in Afuze town, each sounding pang &pproximately 1000m from
each other. The schlumberger electrode arrangement was usesbffurements. The maximum current
electrodes spacing was M Tor all sounding points (Asokhia, 1995 [1]).

The apparent resistivity values obtained from the measunts were plotted against half the
current electrode spacing. The sounding curves [VES 1-3] are showppendices |, Il, and Ill. The
result displayed shows the geoelectric layer thicknesstladumulative thickness in metres of the
studied area.

Location VES (1) has seven layers with resistivities ragiom 65.07.0@m at the top layer to
349.000m at the ¥ layer. With thickness from 1.63m to a very large value respectively.

Location VES (2) has five layers with resistivities raggfrom 12.39Qm at the top layer to
21.70Qm at the § layer with thickness from 0.60to a very large value respectively.

Location VES (3) also has five layers with resistigittanging from 57.4@m at the top layer to
835.000Qm at the &' layer with thickness from 1.80to a very large value respectively.

4.0 Result and discussion

The results obtained from the computer interactive andlysit the sounding and the results of
the curve matching at Afuze VES 2 was interpreted.
4.1 Results of the Matching Afuze VES 2

P, = 190m

P, =Pik; = 19 X7 = 1332m

P; = Pk, = 55 x 2/3 = 36.62m

P,= Pr3k3 = 36 x 3/7 =15.48m

Ps = P4k = 15.5 x 11/9 = 18.94m

h1 =1M

h2: d1h1:4X1=4n

h3 = d2h2: 1.8 x4.2 = 7.56)

h4: d3h3: 2x10=2mn

hs =a
Tablel
Layer | Resitivities Thickness Cumulative
(nm) H(m) Thickness i)

1 19 1 1
2 133 4 5
3 36.67 7.56 1..56
4 15.45 20 32.56
5 18.94 a a
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A geoelectric section along survey traverse would thus show

P =190m l

P, = 1332m 1im

P; = 36.672m 5m v
P, = 15.43em 12.56m v
P, = 18.94om 32.56m

The thickness of the fifth layer is very large. Thedfielrve has actually shows five geoelectric
layers of the formp; < po < P3 < P4 < Ps. This agrees with the geoelectric session presented above.

This is an alteration of KQ curve. (Emenike, 2001 [4]).

5.0 Conclusion

The Afuze area of Edo state has been found to be a basementemrit. From the observations, the
water table at Afuze can be found between 32.6m-50.00m. This hasdvdimu by the calculations
shown from the curve matching and from the computer interpretaased on the interpretation of the
VES curves, it was found out that the water formation [aquifi¢r&fuze is mainly sand.

Appendix |

Figurel: Afuze site - VES Number 1
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Table 1: Observed (Field) and computed (Theoretical) Data
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AB/2 Observed Computed
Values(m) | Values(ohm-mYalues(ohm-m

1.00 67.46 66.78 Model Parameters
1.47 64.10 69.52 Geoelectric Resistivity  Thickness Cumulative
2.15 79.84 75.95 Layer  (ohm-meter (m) Thickness(m)
3.16 96.11 87.36 1 65.07 1.63 1.63
4.64 104.73 102.45 2 187.15 1.28 2.89
6.81 119.9 118.97 3 87,66 0.83 372
10.00 138.2 134.07

14.70 164.77 143.89 4 226.35 5.08 8.8
21.50 134.51 147.76 5 64.71 3.79 12.59
31.60 152.00 151.23 6 183.35 43.87 56.46
46.40 164.41 160.15 7 349 infinity infinity
68.10 173.00 176.36

100.00 196.00 199.87

147.00 238.00 229.58

RMS Error (%)  2.59
Appendix |1
Figure 2: Afuze site - VES Number 2
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Table 2: Observed (Field) and computed (Theoretical) data
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AB/2 Observed Computed

Values(m) Values(ohm- Values(ohm- _ Model Parameters _
eoelectric Resistivity ickness umulative
1 19.33 19 Layer  (ohm-meter  (m) Thickness(m)
1.47 26.58 25.34 1 12.39 0.6 0.6
2.15 33.67 33.57
4.64 53.15 50.66 3 13.83 13.61 16.63
6.81 49.56 53.54
10 44 48.15 4 18.14 36.35 52.98
14.7 38.65 36.16 5 21.7 infinity infinity
21.5 26 24.67
31.6 20.87 18.53 RMS Error (%) 2.43
46.4 18.2 17.27
68.1 17.39 17.85
100 18.8 18.7
147 19.3 19.57
Appendix 111
Figure3: Afuze site - VES Number 3
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Table 3: Observed (Field) and computed (Theoretical) data

Journal of the Nigerian Association of Mathematic&hysics, Volume 9 (November 2005)
Determination of water table O. C. Molua and J. Bmagbetere J of NAMP



AB/2 Observed Computed
Values(m) | Values(ohm-n)Values(ohm-m) Model Parameters

1 84.04 91.27 Geoelectric Resistivity Thickness Cumulative
147 118.46 119.96 Layer (ohm-meter (m)  Thickness(m)
2.15 157.52 156.84 1 57.4 0.56 0.56
j-éi gg?-gg ggg-ig 2 42832  2.04 2.6
6.81 313.09 298.63 3 370.93 562 8.22
10 350 44 357.99 4 1781 43.06 51.28
14.7 426.51 441.29 5 835 infinity infinity
21.5 551.54 559.4

31.6 730.42 712.9

46.4 799.54 881.55 RMS Error (%)  2.15

68.1 1024.22 1033.01

100 1205 1123.77

147 1078.15 1123.05
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