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Abstract: The School of Earth and Mineral Sciences (SEMS) of the Federal University of Technology, Akure
Nigeria is facing an aate water shortage. At the moment the entire school depends only on a seasonal hand dug
well and several hydrgeophysical surveys carried in the environment to locate pogsiii¢for groundwater
development were unsuccessflihis study combined two ctiniques of electrical resistivity method; the
WennetSchlumberger (a -Dimensional resistivity technique) and Schlumberger arrays (vertical electrical
survey). The Wenn&chlumberger array wasleployedas a reconnaissance tool to determine probable
locations for the vertical electrical sounding (VES) survey. The WeBoBlumbergesurveywasdonealong 8
traverses. Nine (9) VEfointswere selected based on the qualitative interpretation of WeBdgiumberger
pseudesectionsThe vertical electrical souwding (VES) survey results delineated 8geoelectric layers across

the study areawhich corresponds to the topsoil, weathered layer, partially weathered/partially fractured
basement and the presumed fresh b&3Ym2k513YNh2d4-76 ayer s o
Y mand 1869 36,227 Y min topsoil, weathered layer, partially weathered/partially fractured basement and the
presumed fresh bedrock respectively. The layer thickness varies fron250n, 0.7- 9.3 m and 10.1 m

infinity in the topsoil, weathered layer and partially weathered/partially fractured basement. The geoelectric
section along nortfsouth direction revealthe presence of bedrock depression beneath2/tsl thiscorrelate

well with traversel WenneiSchlumbergepseudosectianlVES2 has a highly saturated weathered layer with

resistivity value of2¥ m and t hickness of 10.1 m. The partially we
aqui fer based on its | ¢WES 1 camalsoibs ttdansideredyfor grauhdwater ( 205
developmensince it has3 subsurface layers that can serve as aquidyer; the weathered layer, partially

weat hered basement and partially fractured wthsement.
thickness of 9.3 nT.he partially weathered basement and partially fractured basement have resistivityofalues

24 and 76 Ym respectively, while the thickness wvalu

developed into a motorized borehole. VES 3 can also be considergdundwater development due its low
resistve( 106 Ym) we at h elayer & thin &6 enand thus WES3 ¢ah enly be considered for a
hand dug well.

Keywords Electrical resistivity method, Wenn&chlumberger array, vertical electrical sounding, geologic
contact, fractures, faults and bedrock depression.
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[.  Introduction

The Federal University of Technology, Akure situated in the southwestern part of Nigeria is a growing
University with increasingpopulation due to increase mumber of academiprogrammes, staff and students.
The increase in the University population though desirable is also over stretching the available facilities in the
University. The School of Earth and Miral Sciences (SEMS) which is presently domiciled in SEMS phase 1
and 2 buildings and the proposed phase 3 are struggling with acute shortage of potable water supply. Several
hydro-geophysical surveys carried in the environment to locate possible loé@atigroundwater development
have not proven successful. At the moment the entire school depends only on a seasonal hand dug well located
at phase 3. The peculiar nature of the study area indicates that the only possibility of finding a suitable point for
groundwater development at SEMS is possible presence of rock contact, faults, fractures or bedrock
depressions. Groundwater exploration have been done successfully in many places with similar geologic
environment using different geophysiaakthods such aslectrical resistivity, electromagnetic and magnetic
(Olayinka and Olorunfemi,1992; Omosuyi et al, 2003; Abiola et al, 2009; Amadi et al, 2011; Olayanju et al,
2011; Mogaiji et al, 2011Adiat et al, 2012; Adiat et al, 2018kintorinwa and Olowolafe, 2031 Nwankwo et
al, 2013; Adeyemo et al, 2014; Adeyemo et 20.17). Geographic information system based matiteria
approach have used successfully in hard rock terrain (Fashae et al, 7204 3fudyhoweveremployedthe use
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of electrical resistivity métod onlyin exploring for possibldocation for gronndwater developmerin the
proposed phase 3 of the School of Earth and Mineral Sciences (SEMS), Federal University of Technology,
Akure, southwestern Nigeria.

Il. The Study area
The study area is proposetigse 3 of the School of Earth and Mineral Sciences (SEMS), Federal
University of Technology, Akure southwestern Nigeria. The study area is about 0.0113Buskze (Figure 1).
The area is moderately undulating with surface elevation ranging frori3903n above sea level (Figure 1).
The SEMS buildings (phase 1, 2 and the proposed phase 3) are located on an extensive fresh granite gneiss
(Figure 2) which occurs at shallow depth beneath phase 1 and 2, and as a low lying outcrop at phase 3. The
rocky natureof SEMS environment is a major reason for the poor groundwater potential of the area.
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Figure 1: Topographic Map of FUTA SEMS Phase 3
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Figure 2: (Left) Modified Geological Map of FUTASource: Olayanju and OjoQ25)
(Right) Simplified Geological Map of Nigeria (Source: Obaje, 2013)

. Methodology

This study combined two techniques of electrical resistivity method; the W&ahérmberger (a-2
dimensional resistivity technique) and Schlumberger arrays (vertical electicaiding techniqug. The
WennerSchlumberger array was used as a reconnaissance tool to determine probable locations for the vertical
electrical sounding (VES) survey. The Wensahlumberger was carried along 5 weast traverses and 3
northrsouth traverses (Fige 3). All the 8 traverses were 100 m long and their data imeeeted using DiprB8"
2D inversion programme (Dipro for Windey2000) andhe inverted results wepgesented as pseudections
to enable their qualitative interpretations.
The WenneiSchlumbergerarrayapparent resistivity was derived using the following relationship;

Pa(wennerschiumbergd =R* N (N + 1) a (equation 1)

Where,

R = Resistance

n = expansion factor
a =electrode spacing

Nine (9) locations (Figure 3) were selectd vertical electrical sounding survey based on the
qualitative interpretation of Wenn&chlumberger pseuekections. The zones of depressions, fractures, faults
and contact zones were selected as VES points since groundwater normally flows frorelbigitem towards
lower elevation and along easy pathways (Delleur, 1999; Fashae et al, 2013 and Adeyemo et al, 2014).
Schlumberger array was adopted for the VES survey and the maximum current electrode spread (AB/2) of 65 m
was used for the VES survey dlere 4). The VES data were interpreted using partial curve matching method
involving the use of 2ayer Schlumberger master curve and auxiliary curves (Zohdy, 1965 and Koefoed, 1979)
and thereafter a-D forward modeling programme, Window Resist versidh(Y.ander Velpen, 1989) was used
to enhance the resultant geoelectric parameters (layer thickness and resistivity). The VES results were presented
as model curves, table and a geation.
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Figure 3: Layout map of FUTA SEMS Phase 3 showing the WeiSthtumberger and VES stations

The Schlumberger array apparent resistivity was derived using the following relationship;

L
Pa(schiumbergh) = Pg= 2 |:U'—§_i|

Where,

R = Resistance

L = half distance between thedweurrent electrodes
| = half distance between the potential electrodes

12
L

(equation 2)
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Figure 4: SchlumbergeElectrode Configuration (Source: Zohdy et. al., 1974).

V.

Wenner-Schlumberger Pseudesectiors

Figure5 is the first WenneSchlumberger mudasection, along traverse 1 in the wesist direction.
The 100 m long traverse is probably along a migmaiteiss and granite contact zone (Figure 2) and can also
be a depression zone. Geologic contact, fractured and bedrock depressions are gensiddised as area with
high groundwater potential in the basement environment (Fashae et al, 2013; Adeyemo et al, 2014 and
Adeyemo et al, 2017). A low resistive zones was delineated around distanc@03m along this pseudo
section. This is probable me for groundwater development along this traverse. Distance 50 and 55 along this
traverse was selected as vertical electrical sounding (VES) points VES 1 and VES 2 respectively.

Discussion of Results
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Figure 5: WennerSchlumberger pseuekection for traverse 1

Figure 6 is the second Wenne&chlumberger pseuekection, along traverse 2 in the wesst
direction. The traverse is also 100 m long in length. The WeBdelumberger pseuekection reveals the
presence of bedrock depression at the extreme east of the tragersgidtance 70 100 m. zone. This zone of
depression was characterized by low resistive geologic materials which can serve as good aquifers.
Consequently, distance 80 m was selected as a point for vertical electrical sounding (VES 3).
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Figure 6: WennerSchlumberger pseuekection for traverse 2

Figure7 is the third WenneBchlumberger pseuekection, along traverse 3 in the wesist direction.
The traverse is 100 m long in length as well. There is a lot of similarity between this traverse 3 asd Bave
The WenneiSchlumberger pseuegection reveals the presence of bedrock depression at distances 35 m and the
extreme east of the traverse from distance 00 m. These zones of depression were characterized by low
resistive geologic materials whiclan serve as good aquifers. Distances 35 and 80 m were selected as points for
vertical electrical sounding (VES 4 and VES 5).
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Figure 7: WennerSchlumberger pseuekection for traverse 3
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