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Abstract

‘Geophysical investigation has been undertaken at Agba Dam, Ilorin; located around the soulhem
flanks of'the thcrla basement complex. Itis bounded by longitude E 004°35' 0.72"- E 004° 35' 40.6"
and latitude N 08° 28’ 23.3"- N 08° 28' 40.1" This was aimed at investigating possible seepage along |
the dam's flank. Vertical Elettrical Sounding (VES) technique was used for the field study. Twenty
VES station of four profiles were established along the bank of- the dam and data were acquired
using 5chlumberger electrode conﬁgurauon The resistivity values in the surveyed area vary from
9.28 Qm to 9409.37 Qm. Three major geo-electric layers were delineated which are: topsoil,

weathered layer, and the fresh basement. The 2D pseudo-sections along the proﬁles revealed lowest.
resistivity of 30 Qm at the depth 6f 3 m. This observation could be a signature of seepages around
those areas. Also, minor conductive zones that appear close to the dam embankment cov 1 signify
inceptions of buried erosion. This could be inimical to the future sustenance of the dam. The highest
resistivity of 1000 ©m was discovered at the depth of 10ym around VES 13 which is the area of the
Dam embankment. This |mphes that the structure of the Dam embankmem is not compromised and
is sullet‘fecme : .
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lntrod uction by the sudden collapse ofa largc dam.-

Ad'lm:sbarru.rofconcreteorLarth[hansbullt Dams rcqun‘e constant mamtcnam.e

across a rrver or stream to obmuct or control the mommrmg, safety inspections and sometlmcs )
flow of water, especially in-order to create a

et al,. 2012). The.

even 'rehabilitation to continue. safe “service.

reservoir (Olasunkanmi Dam fails when structural failure occurs along

usefulness of this Dam is provisioh of water for
industrial and domestic uses, for” irrigation.
flood control, recreation, [1ydroeléc-tﬁ¢~pqu;
station, navigation eté. Despite all these

usefulness. dam also presents a risk to public

“safety. “The failure of a large dam has the |

poiential to cause more death and destruction

than the: failure of dny other man-made

structure. This .is because of the destructive
power of the flood wave that would be.released

" the -dam axis dl‘ld or abutment. This process

usually ‘begins as seepages along zones of"
weaknesses. Seepage is the process in which
water flows slowly and in small quantities
through the dam. Bcsndes, the design of dam
structures must be adapted to the existing site
conditions (Ajaﬁ et .al., 2005) to minimize the
losses. Failure to do.any of these may ixivariably
result in unplanned 'éc;'epage and/or total

collapse of the. structure (Olorunfemi et al,
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- 2000), A
.Biswas ‘and Charttergee (1971) examined
caus‘.s of dam fallurcs worldwide- and
chscovered that.25% of the failures were dm o
ge(')tu._hmcal problems associatgd with seepagc.
‘inadeguate seepage cut-off. faults. settlements :
) .,and _Ia'ndslidés. After.some geotechnical studies
preceding the construction of dams there still
need of number of problems that dams are prone ,
to, quch problems can be caused by existence of
- concealed fracture/faults, fissures. joints or
shears which can greatly reduce the reservoir
capacity of dam (Ajayi er'al, 2005). There are
techni'cal defects at many existing dams which |
are seepage (processin which water flow slowl)
m small quanulles) lhrough dam foundation
rocks, severe erosion on dam's slope. decrease
of effective storage dueto excessive segment in-
ﬂow ete, To pre\ent all these geophysical
suryey ¢an help in the maintenance of the dam.
~m wluch vertical elecmcal sounding is one of
fhem ‘For this - research vertical electrical
soundmg technique of electrical resistivity
melhod was used investigation of seepages
along’ the axis and abutment of Agba Dam,
" Horin.

Loca/mn Climate and G éology of’ lhe S‘mdy
Area i . :

Agba dém is- located in Horin, ‘Southwestern
ngerla It is bounded by longﬂude E 004" 35
0.72". 004“ 35'"40.6" and latitude N 08" 28
123.3":N08°28' 40.1"(Fig. 1 ).

Cllmauc condmon within the study. area is
LSSCH[‘.—.{“V a [rOplCd] ‘continental climate
chara(,lenzm.d by two dlstmcl seasons; the wet

ﬁnd glx ¥. scasons Thc area is charauennd hy

A
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two climatic conditions, viz: wel and dry
seasons. 'Durihg these times the aquifer is
majorly recharged by precipitation. The wet
season extends from April to October while the
dry last from November to March. The area lies
within the middle belt of Nigeria with a total
annual fainfall between 1270 mm and 1 524 mm.
spread oyer the month of April to October
(Olaseliinde. 1999). The minimum average
throughout the state ranges
and 235.0°c while. maximum

temperature
between 21:1%
average temperature ranges from 30% to 35%.
The average minimum and maximum
temperatures are 30°c and 35°% (Olabode and
Ajibade. 2010). The major rivers re rivers Asa,

Awon. Oyun and Oshin,

I'he area has a wegetation characteristic of
transition zone between tropical rainforest and
savannah zone. The natural vegetation
comprises g}.xineas and derived savanna. The
vegetation is characterized by shrubs, tall
grasses and- sparsely distributed trees, The
vegetation is denser in places especially around

rIVer Courses.

The: qmdy area lies within the southwestem part
of the Precambrian Basement Complex of
ngel ia (Fig. 2). Rahaman (1988) grouped the

rocks in this: region as migmatite-gneiss
S

complex  comprising largely of sedimentary
series with associated minor igneous rock
intrusions which have been altered by
~inigmatitic and granitic
Odeyemi. (1999) suggested that
*almost all the foliation exhibited by rocks of

metamorphic,

processes,

south wesiern Nigeria excluding the intrusives

; " Volume 2 No. 1 - 2015


Dr. Saminu Olatunji
Typewritten Text

Dr. Saminu Olatunji
Typewritten Text

Dr. Saminu Olatunji
Typewritten Text


Olatunji, S., Ojulari, B.A.. Abubakar, H.O., & Yusuf: M.A,

are ftectonic in’ origin, because pre-existing
primary structures have been obliterated by-
subsequqnt deformation,
(1992) also reported that the south western

basement complex of Nigeria has been affected

by two phases of dcfo}lnation namely Di, D2,

the first phase (D1) produced tight to isoclinals,

folds * while - the: se,éon’d_ phase (D2) is
characterized By more open folds of variable
. style and large vertical NNE-SSW trending
fault, I \

. The detailed geology can be grouped into
surface and SUbbUl’i'lCC geology (Ige,2013). The
surface geology is characterized by clay,
tateritic soil and the crustal top layers. This
differs from place to place but in most places,
the ldtelmc soil obscure most of the underlying
geology of the area. The subsurface geology . is
made up of rocks of the cry.stalhr_xe basement
complex including gneisses; .
migmatites ahd guartzites. -

Figure 1: Location Map ofthe Study Area
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Figure 2: Geology Map of the Study Area

Methodology

Principle and T he()ry

The electrical 1es:snv1ty method int )lvcs the
passage ot electric current (1) into the ground
th:ough a pair of current electrodes (C and C,)
and. measuring the resultant potcnhal (AV)
between another pair of electrodes called the
potential electrodes (P, and Pz) (F ig.J).

The polentnal for a 2-elcctr0des system (F 12 3a)
is given by . o )
V=Ip/2nr : (1y

In practice. a minimum of four electrodes are
used and the'potential difference between a pair
of potentialelectrodes is measured (Fig. 3b).

Figure 3: (a) Two Elcctrodes System - (b)
Schlumberger Electrode
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- F rom cquauon } the potemlal at P, due to current

A, Ip
L " 5 / Mry s
Also thc potenual at P duc to current C,

B —lpf

\“'! ol : /‘Z Ttrs

The potential at P, due 10.€,and C, is of the tbnn
vAE _ Ip' , ,
» ] .".‘nw'l,-l LY 59!

Similarly, the potential at P due to C and C, is of

theform
4 ‘wn:_ T

_.:".'::" (L 'r,' = 11;)
Therefore, the poteritial difference, AV between
P;_and_P; isgivenby

VMIA B - ¥ SYAE) = L i U7 o R N

Sa.

;'I:'T\’:'l{l'/"(l (ry=1 I'r_.l -1

p Ingtsra -
‘3 o+ 1/ )
From Ohin's law,
AV/II=R
Thereforg the equation 5 becomes
p=2mR{ L1/, V-1 /e -1 /e)} (6)
Alternatively, '

Supposc G 1s a geometric factor, whu.h is typlcal‘

of the electrode array (conhgurauon) system
" Then,
"p<R.G . (7)
pis apparent resistivity in Qlﬁ. :
CRj 1s rcsmarwe inQ. .
Glisa geomemc factor which varies from one
elgcu-ode array o {he other.
- _FromFlgurc 3b
=L-l,
=L+L
£3 *tiﬂ_— I

r,=L-1
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If we substituté’ these for r. r,, r; and r, in
cquation 6 3
Apparent resistivity for Schlumberger array the
is given by:

=2mR { V[(/L-D = (VLA = (/L+D+(1/L-1)]}

w p=2aR ! WAL~} (8)

Since AB > SMN. L is much bigger than | such
that g
LR
Therefore, the apparent resistivity equation for
Schlumberger becomes
=2nR . L%/ 4l
p=nRL*/Z21
But fromFigure 3b
AB=2L and MN= 2|
This can be written as
=R (AB/2)y/MN

A

(9)

(10)

Data Acquisition and Processing

Four multi-VES profiles were

cestablished along the axis and flanks of Agba
Dam using Schlumberger electrode
configuration.’ Each profile contained 5 VES
points. making a total of 20 vertical electrical
sounding points. The resistivity data were
acquired using DDC-8 automatic resistivity
meter. The VES data were processed as profiles
using computer iteration software [P2Win
developed by Bobachev (2008). Moscow State
University. Co-linear VES points were also
processed o obtain resistivity pseudo-section in
the study area, The profiles were further
overlapped in order (0 be able to establish “tie”

between adjacent profiles.

Results and Discussion :
The results of the VES data plots show that the
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study- area is underlam by 4 system of three to

five geo-electric layers which are - topsoil,
lateritic layer, clayey soil ( sandy clay and clayey
sand), weathered basement and fresh
basement.Sample field curves are shown in
Figures 4(a and b) while summary of the results
are presented in Table 1.VES2, VES 3, VES 5,
VES 10, VES 13, VES 15, VES 16, VES 17.
VES 18,and VES. 19 have three layers while
VES 1, VES 4; VES 6, VES 8, 'VES 9.VES
11,VES 12, VES 14 and VES 20 has- tour Iayer
Only VES 7 deplcts fivelayers. ;

The, 2-D resistivity pseudo—scctlon aloug the
four proﬁle presented in Flgure 3 (a-d) show
that .for profi le - 1; the water tends to seep

laterally from VES 2 and VES 5 into the

surrounding and cut across VES 4, VES 3 and
VES 1. This i$ obvious from the relatively low
resistivity (100©m) along the transverse at VES

2.and VESS at the depth of 10 m. For profile 2

there isa trace of seepage from VES 11 signified

by its fow resistivity of 30'Qm at depth range of

7.2 m-10 m depth. This spread northwards
across VES 10, VES9and VESS.

31ismade up ofVES 1, VES 13, VES 14, VES I5
and VES 16. It cut.across the dam axis and itis
the least affected by secpage Howeyer liipact
- of eeepdge is observable on the ri ight ﬂank close
to profile-1. The res;stlv:ty (about 100 Qm) is
observed a acro$s VES 14, VES 15 and VES 16 at

adepth range of 5 -1 8 m whilé VES 13 located

dtrec.tly on’ the dam axis. has - the highest
resnsnvny range of 268 Om-1589 Om * at the
d(:pth range of between | m-40m’

Along profile 4, VES 20 has the lowest
resistivity of 30 Qm from the surface to a depth

of 19 m. However ‘observation shows that thc,
low resistivity could be hecause: the rechargc of
water from the upstream into the reservonrﬂows

across lhlS point,

Flgure 4a: Res:sthty Curve for VES1
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Figure 4b: Resistivity Curve for VESS
Table 1: Summary of Results
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Figure 5: 2-D wado Section along (a) profile
1. (b) ploﬁle 2,(c) profile 3, and (d) profile 4

-Conclusion : .
[Integration of the interpreted structures from the
vertical eleotrical sogndin'g data suggests the
preseénce. of geologic .conditions suggestive of
ccpage along the flanks of embankmem Thisis
pamcularlv obvmus along prohle . 2 and 4
where low resistivity zones were observed to
ddvance on radial fronts. The low resistivity
, areas may indicate areas where the host rock has
been loWereg by faulting and/or fractures and
thus contains ‘water. nraking the area less
resistive to electrical curreiit, Hence, the bank of
the Dam sliows low resistivity which could be
interpreted as there is seepage along the Dam
banks in the siudy area. For instance. alohg
profile |, lhesz;ter, tends 16 seep 'l‘atérali)‘ from

VES 2 and VES 5 into the surrounding and cut -

across VES 4, VES3 and VES 1: This is obvious

from' the. x’clativelv lo'\v resistiviily (100Q2m)

along the transverse at \'I‘S 2 and VESS at the
de.plh OT IOm

Areas of high low resistivity were identified
along the Agba Dam axis. The high resistivity
areas could be & signature of gravel, sand, and
rock fragment lying on top of elevated solid
rock. Close study of profile 3 which lies across
the dam axis revealed that the structure of the
dam is not -compromised. That is, it is still
effective to some extent because of it high
resistivity, but there is trend of underground

water flowing towardsit.
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