< of the S6th Annual Internationg| Conferene
geran Mining and Geosciences Socie :

LN
A

%

ce & Exhibitions
y (NMGS), 22.. 27, March, 2020.

qx"j:}:?l? lgﬁ:£:%21l:]1:ég"C:\ L INVESTIGATIONS OF CROUNDWATER
A PO, BENUE STATE, NORTH-CENTRAL NIGERIA

Ameh, LM., Amadi, A.N., Unuevho, C.I. and Ejepu, J.S.

Dep: nt ol Geology Iversi
¢ u1mr..m(|::rt buﬂuw.l Federal University of Technology, Minna, Nigena.
orresponding Email: geoamehmark@gmail.com

Abstract

Hydrogeophysical investigation employing clectrical method was adopted for groundwater exploration in Otukpo.
Data collected from geophysical investigations and rom one borehole were used in this research. Six (6) Vertical
[—‘_]:;;m.:_a! :~m|mllm_:e~._[1’l_‘f:~} were camied out in the study area using the Schlumberger configuration of electrical
resistivity method with a maximum AB/2 of 600m. Qualitative and quantitative interpretations of the data were

camied out employing the traditional curve matching and the digital computer iteration methods. The V

ES readings

from shallow subsurface to the depth ol about 500m ol the VES stations ranges from 3 Qm to | 250 Qm, interpreted in
the arca as loess sand, silty-sand, clay, shale and sandstone from top to bottom based on the resistivity data. The deeper

groundw ater system in the area is confined at an approximate depth of 500m. A shallow seas
(squitard) and a deeper confined aquifer are the two principal types of aquifer existing in
horchole in the area that would tap water from the confined aquifer likely to be terminated ata depth ol

onal unconfined aquifer
the study area. Future
about450mto

s00m Based on the detailed geophysical investigations which confirmed the sandstone formation.
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Introduction

The use hydrogeophysical methods in groundwater
avestigation has been on the increase due 10 the desire
wreduce the risk of drilling abortive boreholes and also
0 offset the costs associate with poor groundwater
“ploration and  exploitation (Amadi ef al, 2012;
Reinhard, 2006; Dwain, 2015). Groundwater as a
MeCous patural resource 18 scarce and unevenly
stributed within the Benue Trough in general and
Lower Benue Trough in particular (Offodile, 2002).’ T
“imentary frame work of Owkpo is the factor
“ntrolling the distribution of groundwater in the ared.
he Jocgl geology contributes 10 groundwater
“Wmulation, movement and exploitat on.

The search for the unevenly distributed groundwater
ique employing

“ources by geophysical techni _
*®leetric lﬁelﬁﬁﬂp 11)-;: very efficient in. gﬂlvmg
SWndwater problem (Amadi ef al, 201; Philipp and
“1an, 2011). The increase in groundwater demand for
ranﬂus human activities in Otukpo and enwrm:ls as[;:-
typ ; uf,smmit)’ of surface water has mfldﬂ ng ﬂ::lﬂm“l;f:mr
0 dtion and exploitation 2 necessity. . u Yo
_Wl_edgﬂ of the subsurface geology I the :

Jony Nled i arca has been
Bory Y of the borehole drilled 1n the " yield.Aﬂﬂ

Ve, while the successful ones have I )
irf?:lrjh Of the upsurge in population coupled gltl:ritil:
*35¢ in the number of a gro-based cottage us ut"
neec,l 10 understand the subsurface con
Oy rf“‘r“fﬂus tinit in Otukpo and environs ©
Mphasized.

\
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A requisite requirement for locating, assessing,
development and utilizing groundyater resource 1S
equipped with a detailed hydrogeological and
hydrogeophysical knowledge of the subsurface to guide
placement of boreholes or water wells (Reinhard, 2006;
Dwain. 2015: Unuevho et al, 2016). Understanding the
local geology will lead to delineation of the aquifers in

the area, and it will greatly reduce the high rate o
borehole failure in the area. This is the crust of the

present rescarch.

Study Area

The study area is located within the southern portion of
Benue State, Nigeria and 1t geologically falls within the
Lower or Southern Benue Trough. It lies within latitude
7°08"N to 7°15"N and longitude 8°05"E to 8°15"E on an
average altitude of 270m above sea level (Fig. 1). The
area is topographically part of sheet 270 SW and
classified under the Lower Benue River Basin

hydrological area of Nigeria. The area is majurl;r
drained by Okpokwu River which is a tributary of the
Benue River. The area lies within the Guinea Savannah
vegetation zone. The area has a mean annual rainfall
range of 1500mm to 1800mm and g monthl

temperature range of 25'C to 33°C (Ni eria?":
Metrological Agency, 2018). The prevalent clgimati{:
condition in the area comprises the rainy (March t

Octobet) and dry (November to February) seasun{;

characterized by high temperatures. |o
. P b ’ W
high relative humidity throughout the year pressure and



Otukpo 1s underlain by Cretaceous sediments of the
Benue Trough. The Benue Trough has often been
described as an intracontinental Cretaceous basin
(Obaje, 2009). The basin is said to be occupied by up to
6,000m of marine and fluvio-deltaic sediments that
have been compressionally folded in a nonorogenic
shield environment (Nwajide 2013). The Cretaceous

EXTRACT FAROM SHIELY 270 S.W.
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sediments of the Otukpo area arc composed of t_he Asy
River, the Eze-Aku and the Awgu groups which are
presume to unconformably overlie the Precambrian
basement rocks (McDonald el al, 2008_; Reyment,
1965). The lithologic umit that ch_arﬂcmnse the area
includes clay, shale, sandstone and limestone (Offodile,

2002).

SE

Fig. 1: Location Map of the Study Area
Materials and Methods

Existing published literatures on the regional geology
and hydrogeology of the study area were carefully

studied. Reconnaissance preliminary assessment of the
research area and terrain familiarization was carried out.

A fact map’ of scale 1:25,000 was developed from a
topographic map of scale 1:50,000 of Otukpo Sheet 270
SW. ABEM SAS 4000 Terrameter, a digital signal
enhancing device incorporated with a microprocessor

was used to obtain the geophysical data.

With the collinear arrangement of four electrodes, the
current electrodes A and B on the outside while the
potential electrodes M and N on the inside,
Schlumberger configuration was used for the one
dimensional IP and Vertical Electrical Soundings (VES)
of the deeper subsurface. A number of key geological
and cultural factors were considered prior to the
establishment of the geoelectric methods, these

includes: nature of the target, anticipated depth of burial
of targct. mmeasurcment station interval and calibration

¢ m— Benue State
; |Olukpo

of the data. AmaximumAB of 1,200m (AB/2=600) was
Investigated and a total of six (06) sounding stations
were evenly established within the study area. The
Eziizfiterdusrd in qualifying the IP and VES are the
Z€d chargeability measured meters per second

(msec) and lhle apparent resistivity measured in Ohms
meler respectively. The IP (chargeability) is collected
uSINg - conventional electrical resistivity electrode
cuilﬁgurgunn Where the Voltage between clectrodes is
2::32::2?1 c:l; ?&?ﬁﬂgﬂg“g “‘[i-[ : time as the current 13
: ‘ » 2203 Jualitative and guantitatine
lg':j::'l;;fifémﬂiﬂf lh? nblfuncd data were ::l*urricd out.
computer it':l"“ilf ﬁ‘*t.‘lucn:w model curves using the
Vi ey *';‘ N technique (Winresist soflware) by
nd sporry, (1992) for the resistivity data and
chargeability value in mgee wae remeil o .:ﬂ
clectrode separation i, mctbmf b pioted nguins: et
program for the 1p ¢ C-? SR A, S
A A T20m borehole was drilled W

'Ilulnby':nl d:ll;lhut*rmilm.i and alse -
Sunderlying the near subsur

_————-’—————*\———w“vﬂ



sults, [nterpretations and Discussions

e

reful an
A:aiD result (Table 1) shows that the observed low

sistivity values did not reflect distinct and relatively

alysis of the resistivity and chargeability in
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capacity and higher conductance surface and minerals
which help in the particle charging process but in this
case negative chargeability values were reconded. The
low-resistivity and negative chargeability layers
corresponds to pure clay/shale layers while low-

" high Ehﬂrgwlﬂ.lli.? V:::}?i'aflag N Txpect?d to produce msi§lix'i13r and medium to high chargeability laycers
" high chargcabUily y due to cation exchange depicts saturated sandstone layer.
|
Table 1: Apparent Resistivity and Chargeability Data
a— LAT ?ﬂlﬁul 1.6° ?!‘-"11“{]19* 7°10"18 1" 7°13714 5" ?‘.‘!ﬂ“ﬂ:.-l‘ 7°13"1 |3: '
= LONL:; 8°10727.1"° §°07"43.0' 8°08"17.9° 8°06"52.2° 87157133 §°09"23.9
' OTK 01 OTK 02 OTK 03 OTK 04 OTK 05 OTK 06 l
A2 MNA2 (a 1P (a 1P (a IP (a 1P (a I (a r |
— 0.3 500 1.61 139 1.117 700 2,86 99 1.16 230 093 220 n.sQ I
) 0.3 849 2.7 175 1,73 950 18I 88 143 355 1.32 338 1.16
3 0.3 920 3.11 202 1.79 846 442 74 205 51 1.28 499 1.36 ‘
] 03 861 3.69 209 198 419 4.04 57 06 646 273 647 1.57
] 1 860  3.83 209 1.79 419 438 57 20 646 215 647 1.62
6 | 710  4.12 216 2 129 -13.1 43 039 124 217 671 1.99
22 733 270 660 231
8 1 515 4.65 227 2.2 51 443 22 172 e
10 1 334 4.87 234 2.79 27 689 I8 756 1707 :,31 ﬂg o
12 1 226  0.83 218 449 21 26.6 17 346 6% 3.2l :1.;9 ok
15 1 127  -5.31 169 4.78 14 8237 14 §86 661 366 : o
20 1 79 -91.1 100 20 8 25 11 632  S24 396 ;l';' -
20 5 79 -17.3 100 8.36 8 22 § 6.32 524 3.8l 219 s
25 5 45 313 62 3.66 5 100 g -5.69 378 4.18 145 -
; 4.47 3 22.1 8 708 272 495 95 5.
. . 2 = . ' 3 252 1 965 158 398 65 11.6
> . 24 Bl B s L g 6 424 140 100 3 11.6
e ) i o i L 205 s 116 13 15.9 9 0.23
5“ . i = 9 3 5 T s S0 @ 268 8 3.65
60 5 9 -100 8 36.4 6 '_451 4 -121 18 217 6 -51.2
i ) A ﬁ A ¥ "hy eg o8 1 I 7 228
60 10 10 -34.1 6 i ; 320 4 -136 10 -11 6 -10
100 10 8 246 5 -40.9 7 i . 161 . 05 5 306
sl B. =¥ - R R L A 145
2010 8 | 7 9 . ST s Be W 3 M8 5 -96
130 20 10 -252 5 - 9 289 7 429 3 36.9 6 -12.7
0 20 9 229 ’ v i 1o -280 §  -509 3 -318 7 -87.7
B0 20 9 Ale ; 1230 a7 12 4195 2399 3 157
W 20 3 27 9 1863 a2e 13 0 6  -634 12 -264
350 20 18 430 I5 pee 71 .205 R 13 22 243 18 -112
400 20 28 -89 21 121 2] 2291 15 1l 22 -187 18 985
400 50 30 -90 21 435 34 102 13 54 32 301 24 51.05
300 50 38 54 30 lﬂz 82 44.5 11 08 45 400 38 660
:E . <3 = H ;2'3 g2 523 100 o
g A];-—?-Currenlluélcclmde NN=Potential Electrode  K=Constant [a- Apparent Resistivity
The (), .00 indicated that chargeabihty 1i:, between 1111.:11‘:35111;% inl‘ -2.63 msec to -
he 44 Ukpo subsurface characterizatio composed of 634 msce. k'lhu hull_um utt ‘m}'c:ahguh:d subsurface
[ﬁl::mp part of the near subsu::facc 1:; tions. The consisted ol a Taver with resistivity ranged from 24 Qm
ﬂppa,: and silty-sand at varine ﬂ?anng from to 194 Qm. while the normalized chargeability is
iy Tesistivity of these top layers :od between range ol 10 msee and 400 msee. The presence
0m101462,0 Qm, while the values of normalize \C presence
1 b

of saturated sandstone deposis at the bottam layer
might be responsible for the approximuie 1o
apparent resistivity and an aby g change h
to positive normalize charpe.! 'y

Y « to 75.6 msce. The

ted of @ layer with
sistivity ranged
he normalized

Jrlffﬁ_.ub“"}' ranged from 0.83 mse
h oF the aquifer system cONSIS
r. *mm"t clay/shale content, and the re

L0 Om to 49.0 Om, while !

.'.

ase inthe
m negative
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Meng, (2015) and Tan and Tan (20)4
layer might be El":.‘i“{:ia;;
indl: at the middle l“?tﬁ "

a clear ol Torleif and
Resistivity values il the top

d chargeability show

The results of normalize
trend of decreasing (negative) values in layers with high y valll i
clay/shale content, anc lower positive valucs when with latertic ifi{lll and silty=-8i ' .
is the main lithological might be attributed 10 clay/shalc while at the by,
attributed to saturated sandstonc, »

coarse material of sandstonc L L
\is is supported by the [indings layer it 18

content at the bottom. T
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neath the surface. The aquiferis

confined at the top by thick layer of impermeable
clay/shale materials. The shallow uncnnﬁ_ned aquifer
can sustain domestic use for a season while the deep

confined aquifer will sustain commercial applications.
The difficulty in drilling through

the thick shale is
discouraging the harnessment of

about 450 mto 500 mbe

the deep confined

- b sl - "11;""'1“ ~ YN i~ N 1{i
seasonal aquer (im o < 3m) 18 recharped by aquifer.
& =5 - - 3 e . ' Y oo L] e
L arocpitation. 1R conlinad aquater s deeply seated at
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