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ABSTRACT

A geoelectric investigation of Groundwater potentia] g Gidan.
Minna, Niger State Nigeria, was carried out using Electricy] Resistivic, 4
employing both Vertical Electrical Sounding (VES) and Electrica] Rsnyu. Methe
ERP). The aim of the survey was to determine the ground wager - >uYity Prop: ”

aleT potentigl o ling
Waya. Geosensor Terrameter Model DDR1 was employed for the surve als of Gy %
lies within the basement complex region of Northern Nigeria. A tota] of i’énThe study &re;
with twenty stations along each profile at intervals of 50 m were investiga tgTdoﬁlf:«s (A,
Resistivity Profiling (ERP) was first employed using Wenner array conf -Blef;m.
equal electrode spacing of 30 m, probing the depth of 45 m for each Staﬁo;guramn of
results were used to produce an apparent resistivity contour map from v ?e
promising points were obtained for Vertical Electrical Sounding (VES). Twe;:fh
points were found to be promising and twenty were fully subjected to Vertical | Y two
Sounding as two points were affected by electrical noise due to presence of high t:]f;?cal
The VES has a maximum current electrode separation (AB/2) of 100 m. The miﬂn.
obtained from VES plots reveal three. distinct geoelectric layers; the top sol ﬂg
weathered/fractured layer, the fractured/fresh basement layer. Three distinct cyrye ‘YP%
were observed for the entire VES plotted curves. H-type was observed for VES A, Ay
Cu1, Cig, D13, Eo, Eis, Fo, Fi9, Gi4, G17, Hz, Hiz, Iig, I19, J14 and J1g. A-type was obseryeq
for B, and D7 while K-type was observed for only Bj;. The best points delineated as
groundwater potentials are E18, A18, G14, D13, G17 and F9 with aquifer thickness of
23.9m, 214 m, 18.3 m, 25 m, 13.5 m and 11 respectively. Other points possessing
groundwater potential are C19, I19, I18 and J19 with aquifer thickness of 9.1 m, 8.7 m,
8.5 m and 8.2 m respectively.
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INTRODUCTION industries and institutions pump their require
Groundwater is a tremendous major economic quantities of water from the ground because !
resource, particularly in most cities of Nigeria .is commonly less polluted and %
where potable water is scarce (Nwankwo er al,  economical to use than surface :as 8
2013) and is basically required for prosperous  (Plummer et al, 1999). Gmp"d‘fvawrb
development of any habitation. Many homes, natural protection against po llution %Y
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¢ of fresh water 18 locked away as {ce
w*"‘“:iﬂ \ce caps, continent e sheets and
a X hepeath the ground. Water in rivers
$RT aaly account for less than 1% of the
’{"! hk“m‘h water reserves (Dogara, 1995), 1t
Wk . natural resources bestowed on the
» mmm.f‘ Groundwater makes-up about
:“:;':’: pervent (20"(*) of the world's !‘:vsh
:md. supply which 18 about 0.61% of the

< wodd's water including ocean and

mecnt ice (Alhassan ef al,. 2017).

Blectrical resistivity method was used tor this
research and 1s based on the response of the
earth to the flow of electrical current passed to
the ground by use of electrodes,

The Electrical Resistivity Profiling (ERP) and
Vertical Electric Sounding (VES) techniques
were integrated in this survey.

ERP and VES techniques were integrated in
the work in order to obtain detailed
information on the groundwater potentials of
the study area (Gidan-Waya).

Hence, it has been chosen for this work
because it has proven to be an economic, quick
and effective means of solving most

groundwater problems in different parts of the
world,

The thickness of the overburden can ulso be
determined using VES technique s presented

b e wik

Geology of the study area

Ihe study area lies in the Masement Comple
of Notth Weatern Nigeria In Busement
Complex, the rocks are of the Precambrian
age, they are groups of crystalline rocks
gponerally tepresented by  granites, schist,

nigmatite, goeiss, quartzite and a host of other
ks (Txepay e al,, 2008)

The target zones for groundwater development
in Baxement Complex are mainly fractures like
faults and deeply weathered zones where the
unstable minerals have been removed by
denudation  processes,  Fractures  ad  in
enhancing secondary porosities (Ejepu ef al,
2004), The fractures are caused by the
displacement of the earth crust, and most of
these geological features can be revealed in the

form  of anomalies in the geophysical
investigations, Sedimentary Basement
comprises  of sandstone, which overlies

uncomfortable in the Basement Complex, this
formation consists of the Campanian deposits
which are slightly cemented coarse to fine
sandstones and siltstones with thin lenses of
catbonaceous shale and clays, the deposits are
highly aquiferous, the yields of boreholes in
this area have been reported to be considerably
high.

Climate and Temperature of the study area
The area has a typical Guinea savannah
climate with distinet wet and dry seasons: a dry
season which usunlly last from December to
March and a rainy seasonr which last from
April to October.

Temperatures  vary between 24°C  around
Decomber/Junuary and 32°C in March/April,
Average annual rainfull for a thirty year record
in the area is about 1270 mm, (Ejepu et al.,
2014),

The period between November and February
are marked with the NE trend wind called the
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Figure 1: Geology map of Niger state (Basement Complex and Sedimentary Basin) (A bi
.20y,

Description of the study area

Gidan-Waya is a settlement in Maikunkele,
Bosso local government of Niger state about
lkm from Bosso Local Government
Secretanat. The study area is about 300 meters
from the main road along Minna-Zungeru-
Kontagora Highway. The study area extends to
the airport housing estate about 500 meters
from the main road. The size of the study area

is 1km by ~km. It lies between latitude 09° 40"
05.2" N and 09" 40'37.4" N and longitude 006"

27' 13.9" E 10006°27'28.3" E. The study area
lies within the north eastern part of Minna. The

L_,l ’.

arca has distinct dry season which

from December to March ang a m:uan, i
which last from April to October w,';hy <o
Guinea savannah climate. The Obsm:i?mcai
types in the study area are granite andm
mostly exposed at the eastern part of the .
area. A stream crosses through the study' p~
from about 180 meters eastward at poinuaé?
D2 and D3 to about 250 meters westward y
point F20. The geology map of the study are
is given in Figure 2.



~ e
—~— T
‘ Crmina
e
l = N S
T O g Rving
Study
Area
ﬂ"’?”:/.l———-l""‘ Nl
P—"gcal®
Figure 2: Geology Map of the Study Area (Alabi, 201 1)
ATERIALS AND METHOD iv. Tape rule/survey tape
WAl

method  was employed for data
gored Mo both ERP and VES
w’ﬁ'm The most important equipment
g0 juring this research work is the
b M ameter, model DDR1  for
6% ¢ both ERP and VES data. The
;dlocﬂm‘nt is packaged in a potable box and
@tainﬁ the following components:

power source: The power is from d.c.
wurce of the equipment of the battery.

5, Current and voltage display screen: The
" Meter Model has digitized meters capable
of displaying the values of current flow,
he voltage for each measurement.

r addition to the Geosensor terrameter, the
following tools were used:

i Four (4) steel electrodes of about 0.7m
long each, two as potential electrode, two
as current electrode.

Hammers with rubber handle, which are
used to peg electrodes into the ground to
ensure proper contact with the ground.
Four (4) reels of cables that connect the

lerrameter to the current and potential
clectrode,

)

i,

which i
measunf: the distances at the tillellci s
V. Recording sheets: used in taking the
values displayed on the screen of the
terrameter,
G.P.S. for takin

: g the location (i.e. the
latitude and longitude) of the study area.

vil. Crocodile clip for ensuring  tight

connection on the steel electrodes.
Calculator to compute the resistance from
the obtained voltage and current,

Vi.

viil.

The Geosensor Terrameter used for the survey

is shown in Plate 3.4 along with other tools
employed for the research.

This research has utilized Electrical resistivity
method in delineating groundwater potentials
of the study area using both Electrical
Resistivity Profiling (ERP) and Vertical
Electrical Sounding (VES) techniques by
determining the subsurface layer parameters
(resistivity, thickness and depth). Electrical
resistivity method was employed . f.o_r tl}e
research due to its ease and flexibility in
obtaining sound information of the proper
points suitable for groundwater cxplom::_on.
The method determines  the sub:e.uh x}cz
resistivity distribution of the ground which ca
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be related to the physical condilifms of interest
such as degree of water saturation, llmology,
porosity and presence or absence of fracture 1n
rocks. Resistivity measurements of the ground
are normally done by injecting current }hrough
(wo current electrodes and measuring L!w
resulting voltage difference at two pc‘itcpt.lal
electrodes, The basis for electrical resistivity
measurement is Ohm’s law whick is given by

equation 1.

(1)
(2)

Where V = voltage in volts and I = current in
amp. The apparent resistivity was computed
using equation 3,

- X
pa = = 3
) v . ;
Substituting for R in equation 3 we have
our apparent resistivity as;
pa = Rk 4
K =2na 5

Where “R” is the resistance value and “K” is
the geometric factor which depends on the
electrodes arrangements and “a” is the spacing
between  electrodes. The unit of apparent
resistivity 1s Ohm-meter (2m) while geometric
factor K is in meter (m).

Ten (10) profiles; A-J were mapped on the area
of study each of 1000 meters (1k) length, the
distance between one profile and the other is
50 meters. Twenty points were obtained on
each profile at the interval between of 50 m.
Two hundred ERP points were probed at 45 m
depth after which twenty two were found to be
promising and were subjected to Vertical
Electrical Sounding in order to achieve the aim
of getting sound and detail information of the
subsurface with respect to groundwater
potentials of the study area.

RESULTS AND DISCUSSION
The ERP resistance data collected 4.
from the field for 200 points were oo Iregy,
apparent  resistivity using (pe Ciseqy,
conversion factor obtained from the e’ilanda:d
geometry (pa =Rk and K = 2ra), CCtrog
data was collected along 10 profjes (s JERP
spacing of 50 m while probing the depth ;)f a
m. The apparent resistivity data for ERp !
used to generate an Iso-resistivity co "
of the study area from which the Promisy
points for groundwater were obtained On!hf
basis of low resistivity closures anq later
subjected to Vertical Electrical Sounding
(VES). Figure 4 shows the contour map for
apparent resistivity of the entire study g
(ERP contour map) upon which the promising
points were obtained. From the Electricy
Resistivity Profiling (ERP) contour map
twenty points were established to be promising
and were probed for groundwater potentials
using Vertical Electrical Sounding (VES). The
Vertical Electrical Sounding (VES) data were
modelled using WinResist software which
plots the VES curves with the corresponding
resistivity, depth and thickness.

The interpretation was done using a computer
program called WinResist version 1.0, this
program performs automatic interpretation of
the Schlumberger sounding curves. This curve
gives the equivalent n-layer model from the
apparent resistivity of each sounding. The
program plots the VES curves with the
corresponding  resistivity,  depth and
thickness.Further analyses of the interpreted
VES data was done using Surferl1.

The profile layout of the study area is given If
Figure 3 while the Electrical Res:su'wly
Contour map (ERP) of the study area is give
in Figure 4.

VES

The general results obtained from the et

plots were presented in Table 1. The
column indicates the beginning of a layer.



" (resistivity, depth  and
r,Mamclcf J from the VES curves were

) obtain® (he resistivity contour maps

sunp ierative  window  based

‘ ackage (Surfer 11,0),
g8 called SUrTc” P tablished

we BT nsverses were established out

s ot AT omising points as shown in

A e s&!.unﬂor der 10 producc the geologic and
I ANsVerses are:
: these trans
figor© [ gections
Jectr

—
>

S
"
(ot sow oot

0

g
Ut
{

§&
N
!
4

L]

]

[¢
;
o

Figure 3: Pro

Nfgerfa

Adourna) of physics 27(2) 2018

s

3 . e Y -

0y
:
i
d

:
!
J
J
;
;

%
i
i
000
0

'
¢
)
.
:

00
°§§
"
00!
00!
00
LR

0
)
)
J

\

¢

!
i
)

:
i
‘.
i

g
|

(i) 'l‘runavcmnA'
(1) Fransverye 3!

(1ii) Transverse 'y

(iv) Trangverse '

I'he Promising fitin
Promising non-fjuyj

affected points are

promising are colored yhi

of Figure 4,

0

o
it
ol
:
(i
U

A

i

§
oz
3y
#0#
K
4o
Ko
G
(

¥
)
?
o
g

G
|
X
oA
)
0
0

b
)
o
44,

° .° ’

i
%

ig
o
0
0‘ *0

%
;
W

(A7 DI7 & Gy

, G117
(AIH.IEIH&HH))
‘J,l’l‘),ll‘)&ll‘))
(B12,C1) & 110

B points are colored green,
g are colored red, noise
colored black while non-
€48 given in the key

)
i
i
o‘
4%
49
R
0+0
b
bis

o

0
°+z+
i
00
o
00
XX

.
00K

o

i

file layouts for the study area

201

www.nipngore g : i e




LALAld

L LTS

b Ll B

=122
-
&
}

.....

ELILLE

ey~

LLES

o Earp

f—-..“{% }

(

{

PECC(ESET " 1,
/

8255

J gﬂl& E
=)

marir “Sdpan

Flgure 4: Electrical Resistivity Profiling (ERP) Contour map

Vertical Electrical Soundings (VES) results
The analysis of the VES plots along various
transverses was summarized in tabular forms,
giving information  about  the averaged
resistivity values, depths and thicknesses of
cach layer. The average resistivity values show
the variation of resistivity  corresponding to
depth and thickness of cach layer,

Three distinet curve types were observed for
the entire plotted curves. H-type was observed
for VES A7, As, Cii. Cio, Dy, By, Eg, Fo, Fjo,
Gu. Gy, ]'l\. Hya, Lis, Lo, Ji4 and Jlu. A-lypc
was observed for B; and Dyy while K-type was
observed for only B,.

Interpretation and analysis for the VES
along the transverses

The most essential  parameters  for  the
interpretation are: average resistivity, depth
and thickness for cach layer.

Interpretation of VES point along
transverseA' (A17,D17 & G17)
Table 1 shows the summary of the resistivity

result of transverse A'. The entire transverse
shows three layers model with two distinet
curve types including H (A17 and G17) and A
(D17). The first layer is top soil with resistivity
values ranging from 324 Qm to 2424 Qm
which translates the presence of alluvium, sand
and clay. The lowest resistivity value of 32.4
Qm is found at D17 while the highest
resistivity of 242.4 Qm is found at G17. The
layer has its highest thickness of 5.5 m at D17
while the lowest thickness of 0.6 m is found at
Al7. The transverse has its highest depth of
5.6 m at VES DI7. The second layer is
weathered basement with resistivity values
ranging from 11.6 Qm to 165.3 Qm. The
lowest resistivity value of 11.6 Qm is at VES
A7 while the point with the highest resistivity
value of 165.3 Qm is at VES D17. The layer
has thickness ranging from 4.7m at VES D17
to 13.5 m at VES G17 which serve as the best
expected point for groundwater potential as it
falls within the weathered zone of the
transverse. The third layer is fractured/fresh
basement layer is characterised by resistivity
values ranging from 370.0 Qm to 1052.4 Qm.
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Figure 5: Geologic Section for Profile A'

Iso-resistivity contour maps
lso-resistivity maps were produced for the
most promising zone (southern part) of the
study area in order to avoid much interpolation
“:]prmducmg the Iso-resistivity contour maps at
surface, 5 meters, 10 meters and 20 meters
:spﬂl as shown in figure 6a, 6D, 6¢c and 6d
pectively. This gives apparent resistivity

variation at various depths. [so-resistivity maps
show the resistivity pattern with depth through
slicing of the entire study area horizontally.
Surfer 11 software package was used to
produce maps by contouring resistivity values
beneath all the VES points at various depths of
interests which are; 0 m (surface), 5 m, 10 m

and 20 m.



Table 1:
¢ 1: Summary table for general VES result
8

" VES Points
A7 L Type  NoofLayers
1 Dfplh () Titickiess (
2 0.0 i ;""‘-'??35 () e
A 0.6 0 S Resl: it
it H :: 6.0 54 .‘lﬁ,ﬁm‘“-" (it
C1l i 3 8.1 8.1 Ju |
1 109 28 T
C19 i 3 1.1 L1 66,0
1 7.8 6.7 G611
D13 5 3 04 0.4 40520
D17 A 3 1.2 1.2 - 2654
1 26.2 250 [R7.6
5 H 3 5.6 506 534.6
1 10.3 4.7 324
El8 2 0.0 w [65.1
1 7.1 6.5 Hd2.5
F9 2 0.0 0 1.3
H 3 08 0.8 1021
1 24.7 239 RICK,
H 3 0.8 0.8 234
1 11.8 1.0 H56.1
H 3 0.4 0.4 6650.4
1 1.7 1.3 6157
.2 0.0 w 200
3 1.7 1.7 554
18.1 LIRRY
R

20.0
w
' 20524




je for general VES results (Cont’d)

1 ary tab
: No of Layers Depth i
o’ : : y . Op (m) Thickness (m) Resistivity (€2m)
% Pomis B 9 l.6 s i
Gﬁ g 13.5 479
3 15.1 0
1 L5 10524
i J 1.3 132.1
3 ) 1.3 7.1 :
H 14.2
3 8.4 @ 981.7
i 1 0.0 0.7 547.9
" ) . 0.7 7.0 52.6
31 ‘(7)’(]) ;o 147.9
. ] 7 405.6
118 : 2 o 83 e
3 12.2 o) 839.1
" 2 1.6 8.7 77.0
2 i04 - 11939
114 H : s ¥ os
: 40 & 8200.5
) i : ot 56 2779
) 56 8.2 311
: i - 22435

300350400450
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Figure 6a: Iso-resistivity contour map at su



Figure 6b: Iso-resistivity contour map at 3 m depgh
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{he Transverses
maps for transverses AL B, C'and D' ; -
are shown in Figure 7a, 7b, 7c and

D

Figure 7a: Resistivity contour map for transverse A'
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Figure 7b: Resistivity contour map for transverse B
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Figure 7d: Resistivity contour map for transverse D'

CONCLUSION

Apparent resistivity values varying with depth
and thickness were determined from the VES
plots and were analysed in order to achieve the
objectives of the research. The resistivity-depth
curves were plotted using an iterative computer
program known as WinResist version 1.0 for
automatic  interpretation of Schlumberger
soundings.

Number of layers, depth, thickness and average
resistivity for each VES points were
determined from the plotted curves which were
summarised in Table 1, 2 and 3.

Iso-resistivity ~ contour  maps,  Vertical
geoelectric contour maps and Geologic
sections were also produced at various depths.

Three distinct geologic layers were observed
for the study area which include; top soil,
weathered/fractured layer and fresh basement.

The overburden thickness (depth to basement
zonc) and the range of resistivity values for
each layer was also determined. The thickness
contour map clearly gave indications of the
nature of weathered layer with depth. This
further aided the interpretation of areas with
good aquifer potential.

Nigerian Journal of Physics 27(2) 2018

The best points identified as groundwate;
potentials are E18, A18, G14, D13, G17 apg
F9 with aquifer thickness of 239m, 214
183 m, 25 m, 13.5 m and 11 respectively
Other points possessing groundwater potential
are C19, 119, 118 and J19 with aquifer
thickness of 9.1 m, 8.7 m, 8.5 m and §2 m
respectively.

RECOMMENDATIONS
1. Areas delineated as  groundwater
potentials may be drilled.

2. Areas identified as groundwater potentials
should be avoided for civil engineering
work.
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