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Abstract Lo
Geophysical investigation hias been undertaken

at Agba Dam, llorin; located around the soltthern

flanks of the Nigeria basement complex. Tt is bounded by longitude E 004735 0,720 & 004735 40.6"
and latitude N 08° 28' 23,37 N 08° 28' 40, This was aimed at investigating possible seepage along

=]

the dam'’s flank. Vertical Eletrical Seimnding (v E8) technigue was used for the field study. Twenty
VES station of four profiles were estahlished along the bank of the Jai and data were acquired
using Schlumberger electrode configuration. The resistivi ty values in the surveved aren vary from
9.28 Om o 940937 (m. Three major geo-clectric layers were: delinented which are: topsoil,
weathered layer, and the fresh hasement. The 2D pseudo-sections along the profiles revealed lowest
resistivity of 30 Om at the de pth of 3 m. This observation could be a signature of seepages around
those areas. Also, minop conductive zones that appear close (o the dam embankment cor J signify
inceptions of buried erosion. This could be inimical to the futuge susienance of the dam, The highest
resistivity of 1000 Qm was discovered at the depth of 10:m around VES 13 which is the area of the-
Dam embankment. This implies that the structure of the Dam embankment is noi campromised and

.
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Introduction .
Adam is barvier of concrete or Earth that is built
ACNOES & TIVET OF 5tream to abstruct o control the

flow -of water, eapecially inorder 1o creale a -

reservors (Olasunkanmi gy al,. 2012). The
usefulness of this Dam is provision of water for
industrial and domestic’ uses, for irrigation, .
- lood contro], recreation, h.}'d.rm:léelri;'_r power
 station, -navigation etc. Despite all these
usefulness, dam also presents &°tisk to public
'.saﬂ:fcy "The failure of a large dam has thi
potential 1o cause more death and destruction
than the: failure of dny  other
structepe, This .is beciuse of the destructive

power of the flood wave that would bereleased

the ‘dam axis and or abitment

man-made .

by the sudden collapse of a larze dam, - . | )
Dams require nnnstam_-Ennin_tcna'11u:.

nmn::tn:uj'u% S:lfi‘:lj" inspections and é.x-rmn;:lim_t.ﬁ

even rehabilitation to continme safs slech.e._
Dam fails when structurl failure accurs along
: This’ provess
usually "begins as seepages along zones of
weaknesses. Seepage is the process in which
water flows slowly and in small Guantities

through the dam. B::Ejdl::i, the design of dam

» Structures must be adapted 1o the existing sile

conditions (Ajayi ef o/, 2005 10 minimize the

losses. Failure to do any of these may invariahly

result in unplanned seepage  and/or  toral
collapse of the structure tUJurunfcmi ef al,
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/2000). -

Enwas and Fhar'trcrf:m: (19717 examined
r:aus:,:. of -:Iam rallurev. worldwide- and
d|5cmr:red lhmzﬁ% of the ﬁﬂL‘lJ‘L‘b were die o

g gﬂ‘ﬁfnbi'lﬂlrﬁ[jilﬂljl m:awmmludmllutepﬂqe

&
eftlements

inadequate ‘~<::lﬁ|_'ﬁd'-':!‘ cut-off, faulls: s
‘mc! labdslides, After some geotechnical studies
preceding tie construction of dams there sl
ncu_ of number of problems that dalm. are prone ,
to, .s'u:,f: problems can be caused by exisience of
. cnmealed fracture/Taults, fissures, joints or
shears ihich can greatly reduce the reservoir
apan:ut-rr of dam (Ajayi eral, 2005). There are
r:n:]mu.a_'l i.ll:.‘I'En..l‘i- at many
are s:LpaE,r: {pmmss 1n which water flow :.]uwty

m 5:11.:11] quuntmne's:l ﬂm::ugh dam taundaunn

existing dams which

rocks, beve:-, erosion on dam's slope, decrease
ofef rbn,_twc. slordge duem rm:emve SeEment in-
ﬂnw ete, To pr-:»em all these geophysical
survey ean help in the mainienance of the dam,
1 which vertical E|E¢tncaf sounding is ane of °
r]u:m For ihis - rm:anh vertical elecirical
smmdmg technique of' electrical resistivity

_ m-:thnd was used investigation of seepages |,
along’ the axis and abutment ul Agha Dam

Jl-:}rtn .

L{am.r.'rm C Emn-.-re -:rrr;'.!' i re.::-."ugv af .fhr: Sty
Area ) _
Aghs dam is. located En Ilmm
ngerm H is bounded by longitude E 004" 35
0.7 g n{m 35°40.6" and latirude N 08° 28"
233 nms“ﬁs 0.1 (Fig. |,

F‘Ilmmc. r:undmnn leJ'u:n the study. area js
-:-m:umdllv a [er’ cal contipenial climate
tha.rzr.-temm by two dmtmct seasons; the wet

: ﬁnd dl; 5easu‘m, T]m Ares is c:hura-:tmz:d by

i
“inmh wiasterm

two climafic conditions, wiz: wetl and dry
SEASONS, LZ:u_u-m;= these times the aquifer iz
majorly recharged by precipitation. The wet
season éxtends from April to October while the
dry last from November 1o March, The area lies
within the middle belt of Migeria with a total
annal fainfall berween 1270 mm and 1524 mm,
spread oyel the. month of April o October
{Olaseliinde, 1999). The minimum average
temperature thioughout the stape

between 21:1% ‘and 25.0°c while, maximum

ranges

avernge temperature ranges from 30% to 35%,

The average. minimum and maximum

femperatures are 30% and 35% (Olabode and

, Mvibade, 20000. Thie major rivers re rivers Asa,
Awor, Oyun and Oshin.

he area has a wegeration characteristic of
lransition zone between tropical rainforest and
savannah zone. ‘The npatyral vepetation
COMprises g-l.'I]'ﬂE'EI.S_ and derived savanna, The
vegetalion is characterized by shrubs, 1all
Erasses -and- sparsely distributed frees The
vegetation is denser in places especially around

river courses.

The study area lies within the southwestern part
of the i‘ru.ca.mhnm Basement
Migeria (Fig. 2). Rr—:haman (T988) grouped the
roclis  In

Complex of

this- region as migmatilc-gneiss

complex . compr ising largely of sedunentary

‘almost all the foliation exhibitad by

series with assofiated minor ignecus rock
intrusions “which have been altered by
metamorphic, - migmatitic and granitic
processes. Qdeyemi. (1999) sugpested  tha
rocks of
south wesiern Nigeria excluding the intrusives
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——



A Marungi, 8., Ojulari, B.A. Abubakas, FI L2, & Yusuf; M.A.

are (ecfonic in origin, because pre-existing

primary striietures have been obliterated hy-

subsequent’ deformation. - Boesse and ¢ dcan
(1992}, also reporied. that the sputh western
basement complex of Migeria has heén affected
by two phases of deformation namely Di, D2, .
the fiest phase (D1 |‘~r|::r.hu..c:-:'_| tight to isgclinals.
folds " while - the- second phase (D2) is
characterized by more open folds of variable
style and mrge 'r-:rlu,a] KMNE- *."-a‘l.h-' lr{‘:ndlng
fault,
The detailed geology can be grouped into
. surface and subsurface gealogy {[ge, 2013). The
surface gcuing}' is characterized by - clay,
lateritic soil and the crustal top layers, This
differs from place to place but in most places,
the lateritie svil obscure most of the underlying
zeology |:|"th area. The subsurface geology is
made up of rocks of the Lwﬂtallmc L'IELECI]"I.-EI'.H
includi ing

complex gneisses;

migmatites and quartzites. °

Figure 1: Location Map ofthe Study Area

e
™ -I"
N o
| | _-. A
| -
| .
| . ) :
G
| 0 L ’ .
I :
¥ i
L LI q
| T oy
| ¥ ;
; NE
!
. .

b]’-ﬂl‘!]TL‘-i- )

| [ |
f } y |
| w
{ i [
v 1
T S ]
[ S _
| T .
i {
|
| - N ) {1
5 '\._F ) . ! d
o
| ™ . |I
| N : .
! =
z
']

Figure 2:Geology Map of the Study Area

Methodology

Principle -:T.;Tf.".?"'.ﬁir-'m}' . _
The electrical rcsistivit}- method int slves the
passage Df electric current {I into Thr: ground
tl'm:uun:ch a [:lEllt' of current electrodes (C, and C.)
and. mieasuring :]-u;, lE"w'Uhfslllt potential (AV)
between another pmr af electrodes called the
potential electrodes (P, and P,) (Fi _g.}:l.

Theﬁpntcmja} for & 2-electrodes system (Fig 3a)
15 given by '

'L lp ..rn s I’H

In practice. a nnmmum of four “l.i.rt!'ﬂdE"' are
used and the potential difference between a pair

of potentialelectrodes is measired (Fig. 3b).
I : I

TL__'_'_.‘_".—'..'..L,_- L

Figure 3: (a) Tv,n Fh:r:rmdas. System - (b}
schlumberger Flectrode
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meequaﬂun Fthe potential a1 P, a:lu:- to current
C ;q w oy

fa2mp g o
Also the potential at P, due to current C.

-l

Vi =

A nes
i

[hv:]:-c\wnnala;iP due to.C, and C |_n,uf“[I].-_=f‘._~,m1 "

AL g

™

‘*umlima th{'pﬂﬂ:m]ala!P duemL vand U is of

thefonn

JF'
.L-'; el Ty !.-::-l_l

it

.L"E.
e =

If we substituté these for I I, r, and r, in
cquation b -

Apparent resistivity for Schlumberger array the
15 given by:
,:—E:LH:_I.fl'[!:L~I‘,I—{l:L-Fl‘.u-{]-"IH--!}'l-lfi!fT.-l‘J]'F
p=2rR{ L/4IAL-]) (8)

Singe AR > 3"-.-']""-4 I is much bigger than I such
that

Therefore, the appaient resistivity equation for
Schlumberger becomes
p.=2mR. L /41

5

Lnen:mﬂ: “the pmennal djffeltm:e AV belween
F' r:m‘IF szw:n by '

VM 1.|'- Slied -y
=0,

= ITNMNY A

K':u_Lb:. _rp'_r|..-'r|. =1 i, ¥

-
From Ohmi's law,

© AVI=R
'I'herﬂ'-:-r-;—-ﬁ\e equation 3 becomes
e=2nR{1/{17,- Iir.- ]-’r-|l*'rll' {G)
© Alternatively, ' '

"e-u:'.lp-ase{a isa geometrie factor, 'WhiCl:l is n;nmt

of the :-Ieumde ﬂJ‘mv [-':'.clnﬁgural!ur!} system.

~ Then, ™ Y

PRG |

;‘r'islappé!i'l:n{ I‘E.*i:isti"r'?:;j' J'_F]ﬂ.!'i’l.
: ﬁiérr:sjﬁlﬁnceir'lﬂ '

(7

Hisa -rtmqr}m-: factor which varies from one
elects mle arrn} o the 1.:-1J1Lr
. From Hd-n'-: ib
=L.], .
=L+l T ..
f=Li,
=L

aatablished along

p=nRL*/Z2( (9]
But fromFigure 3k

AB =32 and MN= 2|
This can be writteh a5
p.=®R (AB/2)' VE) - (100

Data Acquisition and Processing

Four multi-VES profiles were

the axiz and flanks of Agba
Dam using Schlumberger electrode
configuration, 'Each'pmﬁlu contained 3 VES
points, making 2 total of 20 vertical electrical
sounding points. The resistivity data were
acquircd using DDC-§ AULOMIAtIc resistivity
meter. The VES data wére processed as profiles
USing computer leration  software TP2Win
(2008). Moscow State

Co-linear ¥ES points were also

developed by Bobachey
University.
processed to obiain resistivity pseudo-section in
the study ares. The profiles were  further
overlapped in order to be able to establish “tie”
between adiacent profiles

RESHJN and Dm ussitm
'.|J1e results of the VES data Plots show thal the
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.qnldy-ﬂr-ca 15 -uudér!ﬂin by 4 system of three to
five peo-electr e layers whl-::h ure - topsoil,

E |ateritic layer, cla}rev so1] {3¢nri}.f c-[aw and clayey

sand), weathored basement and fresh
]:ruserncm.ﬂam]}l': field eurves are shown in
Figures 4(a and bl while summary bfthe resules
are presented in Table 1.VES2, VES 3, VES 3.
VES 10, VES 13, VES 15, VES 16, VES 17,
VES 18,and VES. 19 have three layvers u.dni-.,
VES 1, VES 4, VES 6, VEE 8, VEY 9".-’]5‘;

11,VES 12,VES 14 and VES 20 has four laver. -

Only VES7 depicts five layers.
The 2-D rev.mu:.rn}r pseudo-section alﬁng the

+ four pmf’]e presented in F:gum 5 (a-d) show

ﬂu!. for ‘profile i the water tends to SEEp
]d.tE-I‘f!]E‘r' from VES 2 Rmi VES 5 into the

surrounding and cut arms:. VES 4, VES 3 and

VES L. This ig c:hvi‘::-us from the relatively low
resistivity (10002m) along the transverse at VES

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

thereis a trace Df';il:ﬂ]:h.'l*’"& from VES 11 signified
by its low resistivity of 30 CQm at d:-:pth range of
7.2 m-10 m depth. This ap“t‘:&d northwards
across VES 10, VES 9and VES%,

3ismade up of VES 1, VES 13, VES 14:VES 15
and VES 16, It cut across

the least affected by weepage I-lﬁwn:s.er lrpact

- of seepage is obsérvable on the & |_5ht flank close

to profife-1. The T(:EIE'[:‘.-'H}' {ahout 100 L) is

~observed 5 ACFO3S 'v'J:E |4, VES 15 and VES 16 at

“Along profile 4, VES ‘20 lias' the lowest

a dcplh ranige of 5 1% u] whilé VES 13 located

dlreulv on- che dam  axis hm the highest
u:;-.::-n.n'q, range of 268 Om-1589 Om - at the
dtpt]'. range of between | m-40m, .

TesIStvity of 30 fim from the surface to a depth

of 19 m. However, observation shows thm the
low resistivity could be because the recha rgu of
water from the Lqmtrf:am into the reservoir :ﬂnws :

across this p-mnr

FTETTITITED

Figu re da: Resistivity Curve for VES |
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i-‘igu’n: % 2-D Pseudo Section along (a) profile
L. (b profile 2, (e} profile 3, and (d) profile 4 -

-

Cenclusion -

Integration ifthe mterpreted struetures from the

vertical eletrical mlu_ndiﬁg data suggests. the
presénce. of geologic .conditions suggestive of
seepage al -;rng_iﬁe fNanks of em benkment. This is
.pai‘ll:ﬂilf‘:lﬂ_'l-:'-I::ib’uflﬁ'l_lﬁ-a[ljllg profile I, 2 and 4
.-ﬂ;-F-:i:;;e Ic.-_v:.r reéisti'vit_',_t zones were ohserved to
ddvance _:511 radiai fronts. The low resistivily
arcas may indicate areas whers the host rock has
been Jl'l-'n;'r'E!“-‘.!!..l by faulting and/or fractures and
.+ thus COMtans “water.. umi-fing the area less
- resistive toclectrical curreii Hence, the bank g1
the Dam shows law resistivity which could be
interpreted a3 there [b seepage along the Dam
banks- in the S!-u{l_}- area. For _iru:tant:e: along
profile 1, the water iends 15 seep laterally from

VES 2 and VES 5 into the sumrounding and cue -

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

from the. r::,-',l'a':iy-'cl-;.r low, f-:*.s[slivii:.r {'I'ﬂﬂﬂm}'

along the transverse at- VES 2 and VESS at the
depthof 1 0m, - )

Areas of high low resistivity were identified
aglong the Agb'u Dam axis. The trigh resistiviry
freas could be & signature of gravel, sand, and
rock fragment I¥ing on 1op of clevated solid
rock. Close study ol profile 3 which lies across
the dam axis revealed that the structure of the
dam is not -compromised. That 15, it is still
effective to gome extent because of it high
resistivity, but. there is trend of underground
water flowipg towards it
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