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Abstract

Inadequate potable water supply remains one of the challenges of residents of F ederal Housing
Estate, Lugbe, Abuja, Nigeria. The groundwater potential of the area was investigated using vertical
electrical sounding (VES) method. A total number of 40 VES points were used for the investigation
using Schlumberger array and the data obtained were analysed using curve matching and computer
iteration techniques. The data revealed both a 3-layer (H-Curve) and 4-layer (HA-curve) for the area.
In the 3-layer system, the apparent resistivity of the first layer ranged from 63 Qmto 658 Qm witha
corresponding thickness of 0.8 to 2.1 m. The second layer has apparent resistivity varying from 29 to
726 Qm with a corresponding thickness range of 3.0 to 21.7 m while the third layer has resistivity
values ranging from 96 to 6769 Qm to an infinite depth. For the four layered model curves, the first
layers resistivity ranged from 37 to 1087 Qm, with a corresponding thickness range of 0.5 to 2.4 m.
The resistivity of the second layers ranged between 28 to 2453 Qm with a corresponding thickness
range of 1.4 m to 15.3 m. The resistivity of the third layer ranged from 25 to 2441 Qm and a
corresponding thickness range of 7.3 to 37.3 m respectively. The forth layer has a resistivity value
ranging from 69 to 6820 Qm and an infinite depth. An integration of the isopach and isoresistivity
maps for both the 3 and 4 layer model curves indicates that the northern parts of the study area have
low apparent resistivity values and thick overburden which implies good groundwater potential
while the southern portion has higher resistivity values and shallow overburden, an indication of poor
groundwater potential. Future boreholes in the area should reached an effective depth of 45 to 65 m
and the borehole be supervised by a certified hydrogeologist‘for optimum groundwater yields.
Pumping test should be carried out in order to ascertain the size and type of submersible pump to
install.
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Surface water where available are sometimes
seasonal and prone to contamination either as a
result o.f urbanization or other human factors
(Olasehinde er al., 2015). The need to explore
the groundwater quantitatively as a better
alternative and to supplement the shortage in the
daily water supply in estate, especially during
the dry season cannot be overemphasised. The
present study evaluates the groundwater
potential in Federal Housing Estate Lugbe using
electrical resistivity methods. This is necessary
in order to ascertain the availability of the
groundwater in the area for domestic,
irrigational and industrial purposes.
Furthermore, pre-drilling geophysical
survey using electrical resistivity method was
employed in this study to determine the
groundwater potentials in the area because it is
efficient and cost-effective. In electrical
resistivity method, artificially generated electric
current are introduced into the ground and the
resulting potential difference are measured at
the surface. It is based on the measuremgnt (_)f
the electrical resistivity of the ground whlc_h is
dependent primarily on the porosity, fracturing,
degree of saturation and the salinity of the pore

water. Electrical resistivity method has been

used successfully by many workers to evaluate

groundwater potential in different parts of tl;e
basement complex rocks (Amadi, 2009;
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Olorunfemi and Fasuyi, 1993). Although the
electrical resistivity method will never r-cpldcc
test drilling for quantifying aquifer yield, it has
reduced the cost and time of drilling abortive
borcholes. The basement complex terrain has
many challenges as regards to groundwater
potential evaluation and it explains why well
yield in basement complex is lower than well
yield in sedimentary terrain (Adesida and
Omosuyi, 2005; Faleye and Omosuyi, 2011;
Olasehinde and Bayewu, 2011). The application
of this method enables us to determine the
aquiferous uhits, aquifer thickness and depths to
bedrock as well as identificaion of fluid
migration pathways such as fractures, faults and
joints (Amadi, 2010; Omeje et al.,2013).

The search for better living conditions has
made it very difficult to control the influx of both
skilled and unskilled people in and out of
Federal Housing Estate Lugbe, Abuja. This has
exerted undue pressure on the water supply and
drainage system in the area. The tap water no
longer runs while the drainage system now
serves as dumpsites for solid wastes. The
determination and characterization of
groundwater potential in Federal Housing
Estate Lugbe, Abuja is important because it will
unravel the nature of the subsurface geology and
lithostratigraphy in the area. This information is
useful in order to avoid drilling of abortive
boreholes as currently experienced in the area,
hence the need for the present study.

Materials and Methods
Study Area Description

Abuja, the Federal Capital Territory was
created in 1978, following the decision to
relocate the Nigerian Capital from Lagos in the
southern coastal area to a more central location
within Nigeria, devoid of dominant of any of the
major ethnic groups (Igbo, Yoruba and Hausa).
Lugbe lies in the north-eastern part of Abuja
between longitude 71945 E to 72300 E and
latitude 8'5730' N to 90015 N (Fig. 1). The
study area falls within sheet 207, Kuje NE on a
scale of 1:50,000. Lugbe is about 21km from the
city centre and it is accessible through major and
minor roads.



Fig. 1: Location Map of Lugbe, Abuja

Physiography of the Area
" Hills occur as clusters and long ranges all
over the Federal Capital Territory. The
topography of the study area is varied with the
highest elevations found in the northeast where
the plain is at elevation of about 460m above sea
level. The lowest part of the area is the southern
part (Sabon-Lugbe) where the elevation is about
350m above sea level. The study area records its
highest temperature (37°C) during the dry
season months (November-March) while the
lowest temperature of about 27°C occurs during
the rainy season The annual total rainfall is in the
range of 1100 mm to 1600 mm (Eduvie ef al.,
2003; Dan-Hassan,2013; Ofodile, 2002).

Geology of the Study Area

The geology of Abuja (Fig. 2) has been
described by many workers, including Ajibade
(1976), Grant (1978), McCurry (1985) and
Ajibade and Woakes (1983). It is underlain by
Precambrian rocks of the Nigerian Basement
Complex which cover about 85 % of the land
mass while the cretaceous sedimentary rocks
belonging to the Bida Basin covers the
remaining 15 % (Fig. 2). The geological
mapping carried out in Federal Housing Estate

Lugbe revealed two main lithologic units:
migmatite-gneiss and course grained to
porphyritic biotite-hornblende granite. The
migmatite gneiss dominates the eastern part of
the study area while the porphyritic biotite-
hornblende granite occupied the western portion
of the study area (Fig. 3).

Pre-drilling Geophysical Investigation

A total spread of 165 m was covered with
maximum current electrode separation (AB/2)
of 82.5 m. An ABEM SAS 1000 Terrameter was
used for the electrical resistivity survey.
Schlumberger electrode configuration was used
for the pre-drilling geophysical survey. The
array consists of 2 current (C, and C,) and 2
potential (P, and P,) electrodes (F ig 4). It works
under the principles of the wider the current
electrodes, the deeper the current penetration
(Olasehinde and Awojobi, 2004). The
interpretation of the field data using WinResist
and IpI2win Computer softwares as well as
curve matching method were used to obtain the
apparent resistivity values (Annor et al., 1990;
Edet and Okereke, 1997 Amadi, 2008;
Akintorinwa and Adeusi, 2009).
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Fig. 2: Geological Map of Abuja (Nigerian Geological Survey Agency, 2004)
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Fig. 3: Geological Map of Lugbe Housing Estate, Abuja
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Results and Discussion materials shows great potential for groundw;tcr g
Two categories of model curve types were  exploitation (Ako, 1996). The regolith are a
identified in the study area. The firstcategoryis  product of weathering which induces the
those with three layers which represent 55% of ~ geological materials to be porous and
VES curves (Fig. 5) while the second category  permeable, which qualifies thempa 'ta"
consists of four layers, representing 45% of the  since they can store and transmit gro:n(;?vz]t: iS;

sounded points within the study area (Fig. 6).  economic quantity (A :
& : ; m :
I'he geoelectric sections of the study area show  etal.,2012). v (Amadietal., 2012; Momoh

that the subsurface lithology of the area is not
uniformly distributed. Area with thick regolith

Fig. 4: Schlumberger Array



175

Fig 5: Geoelectric Sections for 3 Layer System

Fig. 6: Geoelectric System for 4 Layer System
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The geoelectric sections with the 3 la}fer
show laterite, mottled zone, rcgolilhs/sap.rohth
and basement rock as the lithologies (Fig. 5)
while the the four layer curves shows laterite,
molted zones, regoliths/saprolith, fractured
basement and fresh basement rocks (Fig. 6). The
subsurface lithology varies from place to place
within the study area and the finding conforms
to the work done other researchers (Mbonu et
al., 1991; Olorunfemi and Okakune, 1992;
Ikpokonte, 2010; Aiyegbusi and Akujieze,
2010; Amadieral., 2013, Omeji et al., 2013).

Isoresistivity and Isopach maps of a three
layer model curves

From the isopach map of regolit'h

thickness for three layered curves (Fig. 7), it can
be established that the northern portion of the
area shows deep/thick overburden/regolith
thickness, while south-western portion shows
shallow overburden. This corresponds to the
isoresistivity map, as the shallow overburden
materials are seen around the ridge which shows
lower resistivity values. The thicker the
overburden materials the better chance for
groundwater storage and this implies that the
northern sector correspond to groundwater
recharge zone while the southern portion are
areas of groundwater discharge. The average
thickness of regolith/overburden materials for
the three layered curve is about 1 Im.
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Fig. 7: Isopach map of regolith thickness for three layered model curves

The isoresistivity map of the three layer
model curves indicates that the resistivity value
is lower at the northern portion of the area
compared o the southern portion of the area
(Fig. 8). From the countour map the area with
higher resistivity values indicate presence of no
water or conducting materials while lower
resistiviy values are indicative of a thick

overburden. For the 3 layer system, the
weathered/fractured zone is the second layer
which is regarded as the regolith aquifer zone
(Amadi et al., 2015b; Olasehinde e al., 2016). It
is characterized by low resistivity values (high
conductivity) compared to the first and third
layers as illustrated in Figure 9.
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Fig. 8: Isoresistivity map of three layered model curves
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Isoresistivity and Isopach maps for four

layer model curves
For the four layer model curves, the

l‘c'golith/overburden layer 18 represented in the
third layer. The isoresistivity map c_>f the four
layer curves shows low resistivity of the

l‘egolith/overburden layer at the .eastem ;;d
western part of the study area (Fig. 10)- 1he

Current Elecirode Distance (AB/2) [m]

e for 3 layer system inthe area |

north-central and sourthern portion of the area
are indicative of moderate to high resistivity
values. These implies that the eastern and wester
parts of the area holds greater potential for
groundwater storage than the north-central and
southern portions. The result agrees with the
isoresistivity map of three layer curves (Fig. 9).
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Fig.10: Isoresistivity map of regolith layer for 4 layer model curves

The isopach map of regoliths/overburden
thickness for the four layer curves shows a
shallow thickness of the regoliths at the eastern
and extreme western portions (Fig. 11). The
northern and central portions of the area are
indicative of thicker regoliths materials. The
higher overburden/regolith thickness favours
groundwater storage. The thicker the regoliths
layer, the higher the groundwater potential. The

average thickness of regoliths for the four layer
model curves is about 22m. Generally the four
layer model curves from the study area indicate
a fair depth to basement rock. In a basement
complex terrain, studies have shown that the
deeper the depth to bedrock, the higher the
groundwater potential and it is in agreement
with Figure 10.

Fig. 11: Isopach map of regolith thickness of 4 layer mode]
el curveg




Conclusion

The present g ' :
frousiidien Study investigates the
e potential of Federal Housing
“state, ugbe, Abuja, Nigeria usi s
Electrical Soundi 2 Pt

ing of the Electrical Resistivi

method. The study b e
. _ Y became necessary d
increase n i Pl A
_ Population of the area and the
Incessant water scarcity experienced by the
occupants of the estate. A total number of 40
\ ES points were conducted and the data
obtained were analysed through curve matching
and computer softwares. The area comprises of
both 3 layer gnd 4 layer system. The 3 layers
were predominantly H-type curve while the 4
]ay'er system was mainly HA-curve type and are
typical of the basement complex terrain. The
ﬁeId .da.ta_, geoelectric section, isopach and
1soresistivity maps of both the 3 and 4 layer
model curves show that the northern parts of the
study area correspond to recharge zone while the
southern portion correspond to discharge zone.
A total drill depth of 45 to 65 m was
recommended for optimum groundwater yields
in the area.

Reference
Adesida, A. and Omosuyi, G.0. (2005).

Geoelectric Investigation of Bedrock
Structures in the Minicampus of the
Federal University of Technology, Akure,
Sowthwestern Nigeria, and the
Geotechnical Significance. Nigerian
Journal of Pure and Applied. Physics. 4,
32-40.
Aiyegbusi, M.N. and Akujieze, C.N. (2010).
Aspect of Geophysical Exploration for
Groundwater using VES in Delta North
District. Journal of African Sciences, 7(2),
61-68.
Ajibade, A.C. (1976). Proterozoic Cru.stal
Development in the Pan-African Regime
of Nigeria. In C. A. Kogbe (Ed.). Geollagy
of Nigeria (pp- 57-63). Jos, Rock View
Ltd.
Ajibade, A.C. and Woakes JB (1983).
Structural Relationship in Schist Belt§ of
Northwestern Nigeria. In PO. Oluy_lde,
w.C. Mbonu, A.E. Ogezi, L.G. Egbumwe,
A.C. Ajibade and A.C. Umejln(Eds.).
Precambrian Geology of .Nfgerza, (pp.
103-110). Kaduna, Geological Survey of

Nigeria. ;
intori 0. J., and Adeusi, F. A. (2009).
GihsrEr of Geophysical and

Integration phy
Geotechnical Investigations for a

_/ 119

Proposed Lecture Room Complex at the
Federal University of Technology, Akure,
SW, Nigeria. Ozean Journal of Applied
Sciences 2(3),241-254.

Ako, B. D. (1996). An Integration of
Geophysical and Geological Data in
Damsite Investigation- The Case of Opa
Dam. Journal of Mining and Geology, 13
(1), 1-6.

Amadi, A. N. (2008). Assessment of
Groundwater Potential of parts of Owerri,
Southeastern Nigeria. Journal of Science,
Education and Technology, 1(2), 176 —
1IR3,

Amadi, A. N. (2009). Evaluation of Aquifer
Characteristics in Southern part of Imo
State, Southeastern Nigeria. Nigerian
Journal of Technological Research, 4(1),
12-26.

Amadi A. N. (2010). Hydrogeological and
geophysical study of Bosso area of Minna,
Northcentral Nigeria. Bayero Journal of
Physics and Mathematical Sciences (1):
74-83.

Amadi, A. N., Olasehinde, P. I., Okoye, N. O.,
Momoh, O. L. and Dan-Hassan, M. A.
(2012). Hydrogeophysical exploration for
groundwater potential in Kataeregi,
North-Central Nigeria. International
Journal of Scientific Research, 2(1), 9 —
17

Amadi, A. N., Ameh, M. 1, Idris-Nda, A,
Okoye, N. O. and Ejiofor, C. 1. (2013).
Geological and Geophysical
Investigation of Groundwater in parts of
Paiko, Sheet 185, North-Central Nigeria.
International Journal of Engineering
Research and Development, 6(1), 1 -8.

Amadi A.N., Olasehinde P.I., Jimoh M.O.,
Okoye N.O. and Aminu T. (2015a).
Integrated Hydrogeological and
Hydrogeophysical Exploration for
Groundwater in parts of Gidan-Kwano
and Gidan-Mangoro, North-central
Nigeria. Universal Journal of
Geoscience, 3(1): 34 — 38, 2015, doi:

10.13189/ujg.2015.030104.

Amadi, A. N., Olasehinde, P. 1., Ameh, 1. M.,
Okunlola, 1. A. and Dan-Hassan, M. A.
(2015b). Investigating the groundwater
potential at the Boys Hostel, Bosso
Campus, Federal University of
Technology Minna, using electrical
resistivity method. Water Resources,
Journal of the Nigerian Association of

Hydrogeolagists, 25(1&2),92-107.




180\

Annor, A. E., Olaschinde, P. 1. and Pal, P. C,
(1990). Basement Fracture Patterns in the
Control of Water Channels - An example
from Central Nigena. Journal of Mining
Geology 26(1), 5-11. ‘

Dan-hassan, M A (2013). Some Aspect of
Hydrogeology of FCT, Abuja, Nigeria. An
Unpublished Ph.D. Thesis, Federal
University of Technology, Minna,
Nigeria.

Edet, A.E. and Okereke, C.S. (1997).
Assessment of Hydrogeological
Conditions in Basement Aquifers of the
Precambrian Oban Massif, Southeastern
Nigeria. Journal of Applied Geophysics,
36,95-204.

Eduvie, M.O., Olabode, T. and Yaya, O.O.
(2003). Assessment of Groundwater
Potentials of Abuja Environs. 29th WEDC
International Conference Abuja, Nigeria,
2003 towards the millennium
development goals, 185-187.

Faleye, E. T., and Omosuyi, G. O. (2011).
Geophysical and Geotechnical
Characterisation of Foundation Beds at
Kuchiyaku, Kuje Area, Abuja, Nigeria.
Journal of Emerging Trends in
Engineering and Applied Sciences, 2(5),
864-870. Retrieved from http://www.
jetaes.scholarlinkresearch.org.

Ikpokonte, A.E. (2010). Assessment of

Groundwater Potential of Crystalline

Aquifer for Gidanwaya and its Environs,

scuthern Part of Kaduna State, Northwest

Nigeria. Journal of African Earth Science,

%), 66-71.

i, P.D.C., Ebeniro, J.O., Ofoegbu, C.O.

+nd Ekine, A.S. (1991). Geoelectrical

5-unding for the Determination of

Aquifer Characteristics in Part of

 ‘muahia Area of Nigeria. Journal o

Geophy:ies, 56,284-291. :

Mc-Curry, P. (1985). The Geology of the
Precambrian to Lower Paleozoic Rocks of
Northern Nigeria. A review, In C. A,
Fogbe /+:d.), Geology of Nigeria, (pp. 15-
29). Lazos, Elizabethan publishers.

Momoh, O. I.., Amadi, A. N., Abdulfatai, I. A.,
Oman: v Y. A., Onoduku, U. S. and
Ona’. . (2012). Exploration of
grou .-vater within the Mariam
Babuirs. i <tirls Science Secondary
Schooi * 1ra, Northcentral Nigeria

Mbc

using Schlumberger vertical elccrtrical
sounding techniques. Journal of Science,
Technology, Mathematics and Education,
8(3),21-32.

Offodile, M. E. (2002). Groundwater study and
development in Nigeria. Mecon Geology
and Engineering Service Limited, Jos,
Nigeria, (2" Ed.), 239-244.

Olaschinde, P.I. and Awojobi, M.O. (2004).
Geological and Geophysical Evidences of
a North South Fracture System, East and
West of the Upper Gwiara River in Central
Nigeria. Water Resources, 15,33-38.

Olaschinde, P.I. and Bayewu, 0.0. (2011).
Evaluation of Electrical Resistivity
Anisotropy in Geological Mapping: A
Case Study of Odo Ara, West Central
Nigeria. African Journal of
Environmental Science and Technology,
5(7), 553-566.

Olasehinde, P. 1., Amadi, A. N, Idris-Nda, A.,
Katu, M. J., Unuevho, C. 1. and Jimoh M.
0. (2015). Aquifers Characterization in
Agaie, North-Central Nigeria using
Electrical Resistivity Method and
Borehole Lithologs, American Journal of
Environmental Protection, 3(3), 60 — 66,
doi:10.12691/env-3-3-1.

Olasehinde, P. I., Amadi, A. N., Enwedo, E. O,
Dan-Hassan, M. A. and Okunlola, 1. A.
(2016). Assessing the Groundwater
Potential in Wuye District, Federal
Capital Territory, Abuja, Nigeria.
Development Journal of Science and
Technology Research, 5(1),67—-78.

Olorunfemi, M.O. and Fasuyi, S.A. (1993).
Aquifer types and
Geoelectrical/Hydrogeologic
Characteristics of the Central Basement
Terrain of Nigerian. Journal of African
Earth Science, 16,309-317.

Olorunfemi, M.O. and Okakune, E.T. (1992).
Hydrogeological and Geological
Significant of Geoelectrical Survey of lle-
Ife. Nigerian Journal of Mining and
Geology, 28(1),221-222.

Omeje, M., Husin, W., Noorddin, 1., Oha, L.A.,
Onwuka, O.S., Ugwuoke, P.E. and
Meludu, O. (2013). Geoelectrical
Investigation of Aquifer Problems in Gosa
Area of Abuja, Northcentral, Nigeria.
Internationa‘ Journal of Physical
Sciences, 8(13), 549-559.



