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Abstract

Thirteen Schlumberger Vertical Electrical Soundimgege carried out using the Abem Terrameter SAS1000
Oba and environs of Anambra State, Nigeria in otdeinvestigate the subsurface layering with the aif
defining the aquiferous units within the study dbgaletermining their resistivities, depths andkhiess thereby
providing a scientific basis for identifying areabere boreholes can be sited using a maximum dueteatrode
spacing of 225m. The study area lies between thiu? 00N to 7705 N and longitudes %8 E to 653 E and

is located within the Anambra Basin which is onetted sedimentary basins in Nigeria. The main gdoédg
formation in the study area is Ogwashi-Asaba Fammawhich constitute of sand and lignite. The dattéained
were interpreted and evaluated using One Dimenklatexrpex Version-3 software. The result revedmdr to

six geo-electric units across the study areasti edvealed that the depth to water-bearing foomatinges from
48.3m to 114.2m, thickness of aquifer ranging frd$3m to 122.9m and resistivity values range from
233.60hm-m to 4934ohm-m. Aquifer characteristiasvael from the sounding results such as transnitgsivd
hydraulic conductivity ranged from 0.397imr to 5.594 rthr and 0.0823cm/s to 15.4110cm/s respectively. The
water-table map showed a NW-SE principal groundwiaev direction in the area. From these resulisaih be
seen that at Ogwugwu village in Oba, aquifer thedeof 122.90m presents the best prospect for dvaater in
the study area.

Keywords: Schlumberger array, Apparent resistivity, Watetuated layer, Transmissivity and Hydraulic
Conductivity and Oba

INTRODUCTION

The availability of quality water resources hasafe/been the primary concern of societies in seitdiaand arid
regions. Even in areas of more abundant rainfadl groblem of obtaining an adequate supply of guwlater is
generally becoming more acute due to ever incrgapopulation and industrialization. As a resulttbis,
surface water cannot be dependable throughout ¢ae, ynence, the need to look for other alternatiees
supplement surface water is paramount. Thus, thddvi® made to depend on the largest availablecsoof
quality fresh water which lies underground and tkiseferred to as groundwater. It is the watedHal the
subsurface within the zone of saturation under dstdtic pressure below the water table. The groateiwcan
be in sedimentary terrain where it is less diffi¢al exploit except for its chemical compositioncén also be in
the basement complex terrain where it can be difficult to locate especially in areas underlaindrsystalline
un-fractured or un-weathered rock. In resistivitgasurement, several electrode arrangements atesusk as
Schlumberger, Wenner, Dipole-dipole, etc. Howet@r the purpose of this work, Schlumberger configian
was applied. The array could provide useful infararain solving hydrogeological problems. It measuthe
apparent resistivity of each formation and estabbsa vertical succession of resistivities bendla¢hearth
(Emenike, 2000; Onwuemesi and Egboka006; Anuduet al, 2008; Osejiet al, 2009; Okoroet al, 2010;
Akpoborieet al, 2011; Anakwuba et al., 2014).

Certainly, the study area is situated at Oba towth environs of Idemili South Local Government Aiiea
Anambra State, Nigeria. It lies between latitud®807N- 7°05 N and longitudes ¥8 E- 6°53 E (Fig.1).This
work basically embodied the application of eleettricesistivity method in prospecting for groundwadé Oba
and its environs. Several attempts have been madeoips of individuals, communities, Governmerd anen
industries to site a good water project in Anandiede (Nforet al., 2007, Anakwuba et al., 2014). Most of these
projects were either badly executed or abortiva assult of ignorance, inexperience or incompetemt the
part of the project managers. The choice of a @dei geophysical technique depends on the natitheo
mineral, the surrounding rock, the purpose of syraed the depth requirement, hence vertical etsdtri
sounding is involved.

Hence, the aim of this study is to use electricapprties of the rocks to obtain the subsurfacermétion of the
study area. This could be ascertained since etattresistivity of the aquiferous unit, overburderaterial,
bedrock and ore bodies show considerable vertaxdtion.
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Fig. 1: Location map of the study asbawing accessibility, drainage pattern and VEf&tpo

GEOLOGY OF THE STUDY AREA

The formations encountered were deposited in thanfiima Basin as a result of marine transgression tha
occurred during the Campanian-Maestrichtian supestaof second sedimentary cycle. The formation that
outcrop in the study area is Ogwashi-Asaba Formati®he Ogwashi-Asaba Formation was deposited en th
Ameki Formation in the Oligoecen-Miocene. By thealpef the Eocene, the Anambra Basin was filled with
mainly continental sediments and there was progi@uaf the Niger Delta southward towards the Caflf
Guinea (Nwajide, 1979). At this stage, the formatid the modern Niger Delta set in. It is well icgied that
Miocene-Recent sediments are the youngest in taggsaphic sequence of southeastern Nigeria, andists of
Benin Formation and marine deltaic deposits ofvalion.

The Ogwashi-Asaba Formation is composed of altergdtands of sandstone and shale. The sandstohe uni
exhibits colours that range from yellow, whitiskedr to reddish brown. It is also mainly ferrugimizand
indurated, although sometimes friable. The bageeftandstone consists of poorly sorted pebblety goarse-
grained sandy particles with mixture of some fiaads(Reyment, 1965).

METHODOLOGY

The basis of the electrical resistivity method ifves the introduction of artificial current intogtyground and the
measurement of potentials in the vicinity of cutriow, hence the determination of an effective p@nt)
resistivity of the sub-surface. The degree to whiwh potential at the surface is affected depepds the size,
location, shape and conductivity of the materiahini the ground. It is therefore possible to obfafiormation
about the subsurface distribution of this matefian the measurements of the electric potentialdarat the
surface (Vingoe, 1972).

The electrical resistivity method was used foritheestigation. A total of thirteen VES stations weurveyed in
the study area. The resistivities of the layersewmeasured using the ABEM SAS 1000 terrameter &l S
2000 Booster. The Schlumberger electrode configardtaving a maximum current electrode spread 6f 20
was used. The apparent resistivity values obtafred the measurement were plotted against halicthreent
electrode spacing on a bi-logarithmic graph in oredetermine the apparent resistivities and tedses of
various layers penetrated. This approach has baged extensively in groundwater exploration (Oemesi
and Egboka2006; Anuduet al, 2008; Osejiet al, 2009; Okorcet al, 2010; Ezeh 2011, Anakwulsh al. 2014,
etc). The curves were interpreted quantitativelyniatching small segments of the field curves usivagrlayer
model curves and the corresponding auxiliary curVee resistivity data were interpreted manuallipggpartial
curve matching method as well as using IXID, a share package for Windows 9x of Interpex Limited.
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RESULTS

Geo-electric section from VES 1-13

This research has provided information on the dapthe groundwater and probably the thicknessefquifer
unit in the study area. This information is goiogbe relevant to the development of an effectivéewscheme
for the area and possibly beyond other areas widebly the formation. Vertical Electrical SoundifigES)
method of Schlumberger array was carried out irtebih areas randomly selected from the study dree.
interpretation of the field data using computetwafe revealed that four to six geo-electric unitse present at
the probe (Fig. 2 and Table 1). The saturated arui zones occur at the sandstone layer as datatrhy the
probe. From the geo-electric sections, one carr itifat the aquifers encountered in the area werimlyna
unconfined aquifers.

A top soil of lateritic nature that occurred withihe area under investigation with relatively higlectrical
resistivity values (37.30-2320 ohm-m) and variddkhess (0.46-1.56 m).

The second geoelectric layer is supposed to belorgandstone with thin clay lenses. It is charéxter by
relatively moderate electrical resistivity valud93-15995 Ohm-m.) and depth ranging from 2.508@@ m.

The third geoelectrical layer can be encounteretth@iminimum and maximum depth of penetration @04~
91.12m. It is considered as the aquiclude (clay aifij belonging to Ogwashi Asaba formation. It is
characterized by electrical resistivity values iiaggdl51 to 19830 Ohm-m .

Occasionally, the fourth geoelectric layer can heoeintered at the relatively high electrical régitst values
ranging from 1538 to 363930hm-m, which may belafted to the presence of dry sandstone. The dépkiso
layer ranges from 35.36 — 181.30m within the staba.

Below this layer is the water saturated sandstdmehhas resistivity value ranging from 233.6@18840hm-m
with depth range of 48.36 — 114.20m and it is ttespective aquifer unit. This layer also have adsaof lignite
at about two location. The last layer whose botteas not reached has a very high resistivity vatuge of 149
— 31240 Ohm-m and it is interpreted as lignite.
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Fig.2eptesentative Sounding curves within the study
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Table 1a: Summary of Interpreted VES I- 8

VES NO Layer App. Resistivity 2m) ;I'mhl)ckness (Dn?)pth Lithology
1 1 564.2 1.42 1.42 Top soil (Laterite)
2 8174 1.26 2.68 Sandstone
3 546.5 25.52 28.2 Clayey sand
4 29916 63.9 92.1 Dry sandstone
5 3078 Base not Reached Water saturated sandstope
2 1 204.7 1.19 1.19 Top soil (Laterite)
2 3541 4.02 5.21 Sandstone
3 748.2 7.39 12.6 Clayey sand
4 18180 385 51.1 Dry Sandstone
5 3326 61.5 112.6 Water saturated sandstope
6 31241 Base not Reached Lignite
3 1 194.8 0.6 0.6 Top soil (Laterite)
2 607.3 1.92 2.5 Sandstone
3 151.1 2.2 4.7 Clayey sand
4 13199 82.3 87 Dry sandstone
5 2834 38 125 Water saturated sandstope
6 10121 Base not Reached Lignite
4 1 1961 0.77 0.77 Top soil (Laterite)
2 13370 1.85 2.62 Sandstone
3 839.4 5.89 8.51 Clayey sand
4 24089 66.9 89.5 Sandstone
5 3752 Base not Reached Water saturated sandstope
5 1 362.5 0.78 0.78 Top soil (Laterite)
2 525.7 4.02 4.8 Sandstone
3 409 5.94 10.74 Clayey sand
4 4256 42.86 53.6 Sandstone
5 233.6 66.5 89.9 Water saturated sandstope
6 149 Base not Reached Clayey sand
6 1 749 0.46 0.46 Top soil (Laterite)
2 1600 2.34 2.8 Dry sandstone
3 456.1 5.29 8.09 Clayey sand
4 18391 77.71 85.8 Dry sandstone
5 3528 66.8 152.6 Water saturated sandstope
6 78584 Base not Reached Lignite
7 1 480.7 0.8 0.8 Top soil (Laterite)
2 226.1 231 3.11 Clayey sand
3 19830 55.29 58.4 Dry Sandstone
4 1538 122.9 181.3 Water saturated sandstope
5 34980 Base not Reached Lignite
8 1 105.1 0.89 0.89 Top soil (Laterite)
2 821.1 4.22 5.11 Dry Sandstone
3 329.9 7.56 12.67 Clayey sand
4 10856 101.53 114.00 Dry Sandstone
5 3666 Base not Reached Water saturated sandstope
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Table 1b: Summary of Interpreted VES 9- 13

VES NO Layer App. Resistivity 2m) Thickness (m) Depth (m) Lithology
9 1 77.2 0.89 0.89 Top soil (Laterite)
2 4360 2.64 3.53 Sandstone
3 136.0.00 11.68 15.21 Clayey sand
4 15143 50.19 65.4 Sandstone
5 3346 65.6 131 Water saturated sandstone
6 81001 - ???? Lignite
10 1 2320 1.31 1.31 Top soil (Laterite)
2 11195 5.56 6.87 Sandstone
3 1547 8.37 15.24 Clayey sand
4 9410 35.24 50.48 Sandstone
5 4934 56.52 107 Water saturated sandstong
6 1947 - ???? Lignite
11 1 45.2 1.36 1.56 Top soil (Laterite)
2 15995 46.74 48.36 Sandstone
3 3887 42.38 91.12 Water saturated sandstong
4 36393 - ???? Lignite
12 1 37.3 1.06 1.06 Top soil (Laterite)
2 1566 1.75 2.81 Sandstone
3 83.4 2.39 5.2 Clayey sand
4 3176 30.16 35.36 Sandstone
5 103 50.68 86.04 Clayey sand
6 1105 - ???? Water saturated sandstong
13 1 643.1 1.12 1.12 Top soil (Laterite)
2 103.5 0.98 2.18 Clayey sand
3 9187 25.8 65.18 Dry Sandstone
4 3678 45.02 110.2 Water saturated sandstong
5 22219 - ???? Lignite

Correlation of the I nterpreted Geo-electric Sections

Figure 3a shows a regional correlation of geo-glesections (VES 4, 1, 10 and 13) along N-S diogctThe
topsoil is relatively thin in most places. The topsesistivity value was found to vary between 56@hm-m to
2,320 Ohm-m, while its thickness ranges betweeidr.t 1.42m. The water saturated sandstone is\@ubéo

be characterized by resistivity varying between/8,@hm-m and 4,934 Ohm-m with considerable thicknes
ranging from about 45.02m to 111m. The geo-electicrelation along NW-SE crosses four (4) VES
comprising VES 3, 5, 10 and 12 (Fig. 3a); the tdgsaelatively thin within the area. The aquifesunits here
have thickness value of about 36.3 to 113.96m with resistivity range of 233.6 to 4934 Ohm-m. Galhg,

the aquiferous units in Fig.3 are continuous.
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Water table map

The water table is the plane which forms the upp@rface of the zone of groundwater saturation in an
unconfined aquifer. The level of the water tableastrolled partly by topography, the nature of tiear surface
rock and climatic condition. Thus, the depth to tihye of the aquifer (water table) deduced fromdhe-electric
section was subtracted from the topographic elenatieasured from the mean sea level to get waitr veith
respect to mean sea-level (Table 2). The differest®wed areas with negative and positive valuasve to

the mean sea level. The values were contoured ssifeg-32 software to give water table map (Fig.F4pm

the map, the groundwater flow direction is northwssutheast (NW-SE) within the study area.
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Table 2: Water table relative to mean sea level

VES No Elevation (m) Depth to water (m) Watertable w.r.t MSL (m)
1 150.15 92.10 58.05

2 48.05 51.10 -3.05

3 30.03 87.00 -56.97
4 96.10 89.00 7.10

5 90.09 89.90 0.19

6 102.10 85.80 16.30

7 18.02 58.40 -40.38

8 36.04 114.20 -78.16

9 168.17 65.40 102.77

10 90.09 50.48 39.61

11 60.06 48.30 11.76

12 138.14 86.04 52.10

13 114.11 65.18 48.93

6U481F 6953

TooiN X3
G Flow Direction o Blkm THON

Scale

Fig.4: Watertablepnwith reference to MSL (Contour Interval~10m)
The relationship between the watertable and topdyravas studied by drawing cross section AB on ktaibée
map as well as the relative cross section on theg@phy map that runs through Oba-Aboji and Qeaifi
NW-SE direction (Figs. 4 and 5).
The two cross sections were superimposed (Fign@)the blue curve represents the watertable whieréd
curve is for the topography. The cross section AuBs through Oba-Aboji and Oraifite which shows an
intersection point as the watertable elevationsgeghe topographic surface. It shows that sumeter body is
expected at this point, and this happens to beildRmer.
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Aquifer Parameters

Knowledge of hydraulic conductivity and transmidisivs essential for the determination of naturaltev flow
through an aquifer. Attempts have been made to@ngeophysical methods in order to reduce the atafun
hydrogeological observations and the resulting.ddsé of layer thickness, as derived from the priiation of
resistivity sounding data and hydraulic conducyigidlculated on the basis of VES data led to theutation of

aquifer transmiss

ivity. This method has been agdig many authors (Niwas and De Lima, 2003; Dhakaté

Singh, 2005; Onwuemesi and Egboka, 2006; Edvet, 2006; Soupiost al.. 2007; Okoroet al..2010; Ezeh

2011;etc.).
Thus, using the ¢

oncept of Dar-zarrouk paramet®tiwfis and Sighal (1981), the aquifer parametech sis

hydraulic conductivity (I§), transmissivity (F), aquifer resistivity and aquifer thickness webtained from
interpreted VES data (Table 3).
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Table 4.16: Aquifer parameters calculated from \fESult

VESNO b (m) p (ohm) R (Ohm-m) S (Ohn) Kc(cm/s) Tc (nf/hr)
1 132.9 3078 639916 0.06754 1.1696 2.4316
2 61.5 3326 204549 0.01849 1.0823 0.6657
3 38 2834 107692 0.01341 1.2703 0.4827
4 110.5 3752 791672 0.05624 0.9595 2.0245
5 36.3 233.6 8479.68 0.15539 15.411 5.5942
6 66.8 3428 228990 0.01949 1.0502 0.7015
7 122.9 1538 189020 0.07991 2.3407 2.8767
8 86 3666 681143 0.05068 0.982 1.8245
9 65.6 3346 219498 0.01961 1.0759 0.7058
10 56.52 4934 278870 0.01146 0.7296 0.4124
11 42.76 3887 166441 0.01102 0.9262 0.3966
12 113.96 1105 236426 0.19363 3.2579 6.9706
13 45.02 3678 165584 0.01224 0.9788 0.4407
DISCUSSION

Geoelectric investigation for groundwater in Obal ats environs was done using the Vertical Eleatric
Sounding (VES) technique. Thirteen vertical eleetrisoundings data were acquired within the locatio the
study area. Borehole data were also acquired. fitlattesistivity methods are frequently used aggtigation

tool in groundwater exploration to obtain, detadlisout the location, depth and apparent resistigitythe
subsurface layers. Schlumberger Vertical Electrigaunding (VES) measurements were conducted using a
portable ABEM SAS1000 instrument. The acquired datzer a wide range of resisitvity values from 3ifrmrem

to more than 24419 ohm-m, which generally reflélogsvariation of resistivity within the study area.

The result of the vertical electrical sounding &nel lithologic logs from boreholes in the studyaareveal four

to six geo-electric layers. The sandstone unitslegiths ranging from 48.36m to 114.20m constithie t
aquiferous unit. The northern part of the studyadnas depth to water table ranging from 51.10m ritsba
Owerri Road Oba to 92.10m at Isu-Umuabu Oba. Thetive high depth in these areas may be due to the
influence of elevation. The resistivity valuestioé water saturated layers vary between 23316and 3572-

m. The low resistivity values of the water satudagyers in Ezele-Oba and Ogwugwu-Oba could betduke
influence of shale intercalations in the sandstamis.

In the southern part of the study area extendingfOraifite, Ogwugwu-Oba and Ezele-Oba, depth ttewa
table ranges from 48.36 to 114.20m. The resistivitijues of the water saturated layers vary betwld€i)-m

and 4939€-m. The high resistivity values of these layers rbaydue to the predominance of the sandstone units
and availability of fresh groundwater (Emenike, @D0

The water table map shows théite groundwater flow direction is SE-NW within tls¢udy area which
corresponds to the surface water flow directiothefstudy area.

CONCLUSION

Interpretation of vertical electrical sounding ahe litho log of boreholes in the study area hagerbused to
determine depth to aquiferous layers and infeoldgies in the area. Generally, depth to watertabtée study
area ranges from 48.3m at southern part to 114tZFuaeale-Oba (central part). Hence, the depth texalle in
the study area varies only with differences in atmn. Also, the depth to water table decreases towdres t
southwestern part of the study area.
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The principal groundwater flow direction is Soutkie#o Northwest (SE-NW) within the study arékhe
transmissivity calculated from VES result rangeenfr 0.397rffhr to 5.594 rithr while the hydraulic
conductivity varies from 0.0823cm/s to 15.4110cwithin the study area.

The results obtained in this study compared favuyravith the work carried out by Okeke (2008), who
estimated the depth to watertable in oba townngedrom 52.67m to 93.51m.
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