ISSN : 0974 - 7451 Volume 9 | ssue 2

k Snviconmental Science

A Tndéian Journal

—=  Qurrent Research Peaper

ESAIJ, 9(2), 2014 [60-64]

Determination of groundwater potential and strata formation in
|siokolo Nigeria using surface geoelectric sounding

Adrian Ohwofosirai'’, Abaja Jahswillt, Omovo Lilian?, Akpotihwe Philip?
Department of Physics, Delta SateUniver sity Abraka, (NIGERIA)
2Depar tment of Geology, Delta Sate Univer sity Abraka, (NIGERIA)
E-mail : adrian4ist2007@gmail.com

ABSTRACT

A geophysical investigation was carried out in Isiokolo, Nigeria to determine the groundwater potential and the
geological structure of the area. The method employed in this study wasthe Vertical Electrical Sounding (VES) using
the Schlumberger configuration. The obtained data were interpreted by computer iteration process and results
when compared with lithologic log from existing borehol eindicate afour layered formation. Theinterpretation of the
resistivity data indicates that there are four to nine layers in the area under study (Table 2). The top layer shows
diversity of resistivity values ranging from 50Qm to 1600Q22m and can be classified as |oose soil. The thickness of
thislayer differsfrom onelocationto the other ranging from2mto 4m. Theresistivity of the second layer rangesfrom
1790mto 3733Qm and isinterpreted as clayey sand to sandy clay. Kokori has nine layers as the highest number of
layers and Isiokolo 2 station having the least number of layers. Boreholes for potable groundwater are therefore
recommended within the forth layer because of its quality and viability.
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INTRODUCTION

Water isimportant to all human communitiesand
akey factor in determining human settlement. Man
has always attempted to settle closeto placeswhere
natural features of water such as continuousdistribu-
tion of rainfall, lake etc. Though there are other
sources of water; streams, rivers ponds, etc., noneis
as hygienic asgroundwater because groundwater has
an excellent natura microbiological quality and gen-
erally adequate chemical quality for most uses
(Macdonald et al., 2002).

Torevea the mystery of groundwater, adetailed
geophysical and hydro-geol ogica study of understand-
ing of the aquifer typesand their spatial location are
necessary in order to characterizethe hydric zonesin

anarea

The study area Isiokolo is the headquarters of
Ethiope East Local Government Areaof Delta State
Nigeria. This area is bounded by longitude
06°01'028ME and 06°01'883E and latitude
05°39'009" and 05°40*023" of the Greenwich Time
meridian with an average elevation of 15m physio-
graphically, theareaismainly flat and gently undulating
terrain. Groundwater usually occursin unconfined to
confined condition at depth.

Thedectrica resistivity of arock formation limits
theamount of current passing through theformation
when an electric potential is applied. Todd!*? stated
that theresistivity of arock materia whoseresistanceis
R and having across sectional areaA and length | is
expressed as.
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Electricd resistivity method of geophysical survey
happensto bethe most preferred method in ground-
water exploration. The vertical electrical sounding
(VES) isageod ectrical method for measuring vertical
dterationsof eectricd resgtivity. Themethod hasbeen
recogni zed to be more suitablefor hydrogeologica sur-
vey of sedimentary basini*4, Thesimplicity of instru-
mentisareasonfor itswideuseintheareg; fiedlogis-
ticsare easy and straight forward whilethe andysis of
dataislesstediousand economical. Thisisthereason
why many researchers such as|serhien-Emekeme et
a.[, Olowofelaet d.®, Osgi et a % Okolieet d.1",
Tammaneni et al .Y Omosuyi et a. (2007), Batayneh
(2009), Ezeh and Ugwut®, Batayneh et al.l¥l and
Nwankwo® haved | used thismethod for the determi-
nation of aquifer boundary.

This research paper tends to estimate the thick-
ness, depth below sealevel of aquifer as sources of
groundwater using geophysical survey method of elec-
trical resigtivity with theintention of settingup agood
boreholedrilling syseminthelsokoloanditssuburbs.
Thisareaunder investigationisafast growing commu-
nity interms of population and businessactivities, and
thishas agreat effect on the demand of water uses.
Thisiswhy itisimportant to initiate aproper ground-
water resource and exploration program. Therediza-
tion of such aprogram requiresdatafrom geophysica
survey isthereason of suchinvestigation.

EXPERIMENTAL DETAILS

In carrying out resistivity sounding surveys, elec-
trodes aredigtributed along aline, centred about amid-
point that is consi dered the location of the sounding.
Thee€ ectrode arrangement used in dataacquisitionis
the Schlumberger configuration of electrodes. The
Schlumberger survey involvesthe use of two current
electrodes|abelled A and B, and two potential elec-
trodes M and N placed in line with one another and
centred on somelocation. It isworthy to state that the
potential and current el ectrodes are not placed equi-
distant from oneanother. To acquiretheresistivity data
inthefield, current isintroducedinto theground through
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the current el ectrodes and the potential electrodesare
then used to quantitatively measure thevoltage pattern
(Al&bi etd., 2010). Thegeometricarrangement for this
arrayisshowninFigurel.
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Figure1: Geometricarrangement of the Schlumber ger array
configuration.

L ocation and geological setting

The study areawhich arelsiokoloand environsare
popularly known astheAgbon clanisbounded by lon-
gitude 06°011028"E and 06°01'883"E and latitude
05°39'009" and 05°40*023" of the Greenwich Time
meridian. Theareaisfed by South—West rainfal which
startsinthelast week of June and extendsuntil theend
of September.

Field survey

Theresgtivity soundingsin thisstudy werecarried
out with maximum current el ectrodes separation rang-
ing between 350 and 600 m. Datawere collected with
anABEM 300resistivity meter. Thesurvey lineswere
located a ong existing roads and pathsavoiding physi-
ca obstacleslikebuildingsand fences.

RESULTSAND DISCUSSION

Thedataobta ned from thegeophysicd survey were
initidly interpreted using the conventiona partia curve
matching techniques. From this, the estimation of the
layer resistivity and thickness were obtained, which
serveasadtarting point for computer assisted interpre-
tation (computer iteration).

TABLE 1 and 2 show the summary of the curve
meatching andtheiterated V ESresultsrespectively which
reved stheNo. of layers, thicknessof layers, curvetype,
andtheresgtivity of thevariousVESgaions Thecurve
typesfor thevariouslocationsare prominently AH, Q,
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TABLE 1: summary of curvematching results
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L ocation VES Station No. of layers Resistivity (m) Thickness (m) Curvetype
550 4
10450 375
Isiokolo 1 5 7367 42 AH
3967 78
9200 75
1200 2
Isiokolo 2 3 400 1506 Q
818 200
1600 2
3733 4
Kokori 3 5 3266.6 18 AH
3000 277.2
2261 2170
200 2.1
164 9.6
1140 30
Okpara 4 7 5490 20 AKH
4000 150
2600 588
1 22
TABLE 2: Summary of iterated VESresults
VES Station No. of layers Resistivity (m) Thickness (m) Depth (m) Curvetype
50.0 4.0 4.0
950.0
10.0 14.0
5384.0
19561.0 12.0 26.0
1 8 ) 14.4 40.4 AA
50244.0
10.8 51.2
41109.0
8.0 59.2
2164.0 65 65.7
6491.0 ’ )
12w 20 20
2 4 ’ 2.4 4.4 H
321.0 12.0 16.4
400.0 ) )
1600.0 20 20
3733.0
8711.0 2.0 4.0
3 6 : 2.4 6.4 KH
17422.0
6.7 13.1
21294.0 470 60 1
4238.0 ) ’
1600.0 20 20
3733.0
8711.0 2.0 4.0
3 6 : 2.4 6.4 KH
17422.0
6.7 13.1
21294.0 470 60 1
4238.0 ) )
2100 2.3 2.3
179.0
2.7 5.0
515.0
5.0 10.0
4639.0 30 13.0
4 9 18556.0 ) ) KQ
2.7 15.7
37112.0
371 7.0 23.3
15'9 5.7 29.0
63 2.0 31.0
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Figurel: Apparent resistivity versushalf current electrode
spacing curvefor VES1(ISSOKOLO 1)

i

Figure2: Apparent resistivity versushalf current electrode
spacing curvefor VES2 (ISSOKOLO 2)

Figure3: Apparent resistivity versushalf current electrode
spacing curvefor VES (K okori inland)

AHandAKH asshowninTABLE 1. AA, H, KQand
KH asshownin TABLE 2.

Theinterpretation of theresistivity dataindicates
that therearefour to ninelayersin theareaunder study
(TABLE 2). Thetop layer showsdiversity of resstivity
vauesranging from 50Qm to 1600Qm and canbeclas-
sified asloose soil. Thethickness of thislayer differs
from onelocation to the other ranging from 2mto 4m.
Theresistivity of the second layer rangesfrom 1790Qm
to 3733Qm andisinterpreted as clayey sand to sandy
clay. Thethicknessof thislayer variesfrom 2mto 10m.
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Figure4: Apparent resistivity versushalf current electrode
spacing curvefor VES4 (Okparainland)

Thethird layer has aresistivity range of 327Qm to
87110Omandisanindication of alluvia deposits(fine
sand, coarse grain and gravel). Thereis evidence of
groundwater accumul ation inthislayer. Further com-
parison with closeborehol eindi catesthat groundwater
exist at adepth of 35.5m downward. Thethickness of
thisaguifer rangesfrom 2.4mto 12m. Thisisanindica-
tion of the presence of thick and highly prolific aquifer
zone. Thefourthlayer resgtivity rangesbetween 400Qm
and 17422Qmwhichistypical of sandy clay to sandy
formation. Kokori hasninelayersasthe highest num-
ber of layersand Isiokol o 2 sation having theleast num-
ber of layers. Boreholesfor potable groundwater are
therefore recommended withintheforth layer because
of itsquaity and viability.

CONCLUSION

Theapplication of vertical eectric sounding (VES)
techniquehasprovided detail ed information onthethick-
nessand hydroe ectrica characterigticsof theaguiferin
the study area. Analysis of thedataindicatethat water
bearing formation existinthethirdlayer withinthearea
under study with thicknessranging from2.4mto 12m.
Boreholesfor good drinking water and water scheme
arerecommended to bedrilled to thethird layer of the
different locations. The presence of thick and highly
prolific aguiferous zone assuresthe area of adequate
water resource. Thisstudy will no doubt guidethebore-
hole program of the state capital and provideadditiona
databasefor groundwater devel opment and utilization
in the area. Boreholes for potable groundwater are
thereforerecommended withintheforth layer because
of itsquaity and viability.

e Snoivonmental Science

Hn Tndéan g%wumé



64

Current Research Pope e

[1]

[2]

[3]

[4]

[5]

[6]

Determination of groundwater potential and strata formation in Isiokolo Nigeria using

REFERENCES

A.A.Alabi, R.Bello, A.S.Ogungbe, H.O.Oyerinde;
Determination of groundwater potential in Lagos
State University, Ojo; using geoelectric methods
(vertical electrical sounding and horizontal profil-
ing), Rep. Opin., 2(5), 68-75 (2010).
A.T.Batayneh, E.A.Elawadi, N.S.Al-Arifi; Use of
geoelectrical technique for detecting subsurface
fresh and saline water: A case study of the eastern
Gulf of Aqgaba coastal aquifer, Jordan J. Coastal
Res., 26(6), 1079-1084 (2010).

C.C.Ezeh, GZ.Ugwu; Geoelectrical sounding for
estimating groundwater potential in NsukkaL.GA.
Enugu State, Nigeria, Int.J.Phys.Sc., 5(5), 415-420
(2010).

R.E.Iserhien-Emekeme, E.A.Atakpo,
O.L.Emekeme, O.Anomohanran; Geoel ectric sur-
vey for ground water in Agbede, Etsako West
L.GA., Edo State, Adv. Nat. Appl. Sc. Res., 2(1),
65-72 (2004).

PMcDonald, R.A.Edwards, J.F.D.Greenhalgh;
Animal Nutrition. 6th Edition. Longman, London
and New York., 543 (2002).

L.I.Nwankwo; 2D resistivity survey for ground-
water exploration in a hard rock terrain: A case
study of MAGDAS observatory, UNILORIN, Ni-
geria,Asian J.Earth Sci., DOI: 10.3923/ages.2011,
(2011).

ESAIJ, 9(2) 2014

[7]

8]

[9]

E.E.Okolie, J.E.A.Osemeikhian, M.B.Asokhig;
Estimate of groundwater in parts of Niger Delta
Areaof Nigeriausing geoelectric method, J. Appl.
Sci. Environ. Manag., 9(1), 31-37 (2005).
J.A.Olowofela, V.0.Jolaosho, B.S.Badmus; Mea-
suring the electrical resistivity of the earth using a
fabricated resistivity meter, Eur. J. Phys., 26, 501-
515 (2005).

J.0.0sgji, M.B.Asokhia, E.C.Okalie; Determina
tion of groundwater potential in Obiaruku and envi-
rons using surface geoelectric sounding. Environ-
mentalist, 26, 301-308 (2006).

[10] J.0.0sgji, E.A.Atakpo, E.C.Okolie; Geoelectric

investigation of the aquifer characteristics and
groundwater potential in Kwale, Delta State, Nige-
ria, J. Appl. Sci. Environ. Manage., 9, 157-160
(2005).

[11] K.R.Tammaneni, D.S.Hanuman, J.G.Malisethy;

Siteinvestigationsfor theidentification of aground-
water source for Sullurupeta, Andrha Pradesh, In-
dia, IAEG Publication, 36 (2006).

[12] D.K.Todd; Groundwater Hydrology, 2nd Edition,

John Wiley & Sons, New York, (2004).

Snoivonmental Science

A Tudéan Journal



