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Predrilling electrical measurements involving Soontaneous Potential (SP), Electrical Resis-
tivity (ER) and Induced Polarization (I P) havebeen carried out at Owulade Estate, Irawoarea,
Lagos, Nigeria to determine the aquifer unit and groundwater quality in the area. A total of
15 points were sounded using the Schlumberger array for Vertical Electrical Sounding with
maximum current electrode separation (AB) of 1.5km. The study has shown the existence of
three aquifer units characterized by varying water quality ranging from saline to very good
quality freshwater. The SP results wer e used to delineate variouslithol ogical unitswithinthe
study area while the integration of IP and ER results show that the low resistivity (0.8-25.9
Ohm-m) sand bed consisting of saline/brackish water are characterized by low | P values ( <
10 mV/V), the sandy clay (22.7-38.9 Ohm-m) and clayey sand (43.3-86.3 Ohm-m) layers
consisting of intermediateto good quality fresh water arecharacterized by high | P values (10-
20 mV/V) while the clean sand formation consisting of very good quality fresh water is
characterized by low IP(< 10 mV/V) and high resistivity (91.5-294 Ohm-m) values. The clay
formationischaracterized by low resistivity (0.8-20 Ohm-m) and very high I P values (20-100
mV/V). The integrated approach has helped in resolving the lithological units aswell asthe
groundwater quality.
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INTRODUCTION

Owulade Estateislocated inthelrawo areaof Lagos Southwest, NigeriaalongtheK etu - Ikorodu
expressway lying between Latitude 6° 30" and 6° 45’ N and L ongitude 3° 20" and 3° 30' E (Figure 1).
Itisazoneof coastal creeksandlagoons(Pugh, 1954; Adeyemi, 1972) whichisencompassed onthe
North and East by the Ogun River and on the south by the lagoon.

Thisareawasreclaimed by sand filling in order to provide land for domestic purposes. The area
is characterized by the non availability of good quality groundwater suitable for domestic and
industrial purposes, though the water table is close to the surface. Of all the boreholes drilled in
thisareaonly two or three have been producing good quality fresh water while others produce poor
guality freshwater with highiron content asexhibited by brown col oration. Other boreholeshavemet
with failurewith drilling terminated within athick plastic clay layer wherein most casesthedrilling
bits used by the hand turners/local drillers get stuck. Virtually all the hand dug wells in this
environment produce saline/brackish water in addition to high iron content thus making the water
unsuitable for domestic purposes. It isobviousthat good quality water source(s) must be found for
theresidentsof thisareaif they areto be saved from the pain of depending on bottled water, or water
supply by privatetanker, with itshigh cost and unknown health hazards. This study wasundertaken
to determine the aguifer units beneath this area, their depth, and the quality of water. The electrical
resistivity method wasadopted for thissurvey. Thismethod hasbeen found suitablefor determining
freshwater bearing formations( Zohdy et al., 1993; Reynolds, 1997; Kilner et al ., 2005; Sumsnovac,
2006; Ayolabi, 2005). In addition to the electrical resistivity measurements, two other e ectrical
measurements were taken simultaneously: Spontaneous Potential (SP) and Induced Polarization
(chargeability). The SPmeasurement providesinformati onabout variationin subsurfaceconductivity
withdepth. Thechargeability measurement hashel pedtoresol vethesimilarity inconductivity values
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Figure 1. Geological mapof Nigeriashowingthestudy area(modified after K ogbe, 1976).
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between low resistivity clay layers and low resistivity saline/brackish water sand formations. An
automated Syscal Junior resistivity meter with multi - range function was used for the survey.

GEOLOGY OF THE STUDY AREA

The study areais located within the western Nigeria coastal creeks and lagoons devel oped by
barrier beaches (Figure 2) associated with sand deposition (Webb and Hills, 1958; Adepelumi and
Olorunfemi, 2000). Original superficial deposits of the survey area were mainly clay/peat while
the Quaternary geology of the study area comprises the Benin Formation (Miocene to recent) and
recent littoral alluvium and lagoon/coastal plain sand deposits (Durotoye, 1975; Longeet al., 1987;
Jones and Hockey, 1964). The aluvia deposit consists mainly of sands (Jones, 1960; Halsted,
1971), Littoral and lagoon sediments formed between two barrier beaches (Adeyemi, 1972) and
coastal plain sands.

THEORETICAL BASIS

Threeél ectrical methods, namely, Electrical Resistivity, SpontaneousPotential (SP) and Induced
Polarization (chargeability) were employed for thisinvestigation. The electrical resistivity method
employsan artificial sourceof current whichisintroducedinto the ground through point el ectrodes.
Thepotential ismeasured at theother electrodesinthevicinity of thecurrent flow. Becausethecurrent
ismeasured aswell, itispossibleto determine the effective or apparent resistivity of the subsurface
(Reynolds, 1997). In most rocks, conduction isby way of porefluids acting aselectrolyteswith the
actual mineral grainscontributing very littleto the overall conductivity of therock. Thegeneralized
form of electrode configuration in aresistivity survey isshownin Figure 3.
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Figure2. Geol ogical map of L agos State showingthestudy area(after Jonesand Hockey, 1964).
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For the Schlumberger array used in this survey MN = b and the distance from the current
electrode on either side to the center of the potential electrodeis given as‘a where a =5b, thus,
K is the geometric factor obtained from the field configuration and

2 2
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and
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istheapparent resistivity obtained fromthefieldresistivity data. Thetrueresistivity that conveysthe
geologica meaning of the earth resistivity model is obtained by interpretation techniques.

The induced polarization method is based on an electrochemical reaction of a natura liquid
solution with interfaces of minerals. lons or electrons are caught on the walls of the interior
surfaceof theporesystem of rock, whenanelectricDC or ACfieldisapplied. Thiscreatesanelectric
potential that could be compared with the charging of acar battery (V ogelsang, 1995). The process
of discharging provides the parameters which are measured by IP surveys. For environmental
application, it is important that the saline water prevents induced polarization, since their high
conductivity does not allow for any ion accumulation.

This effect permits the discrimination between saline groundwater and clay with the same
specific resistivity. |P signals disappear when they enter saline water but may be high or remain
steady when going through clay beds (V ogelsang, 1995). Thisimportant criterion was used in this
study to differentiate between low resistivity saline/brackish water sands and low resistivity clay
formations. Thetime domain quantity measured during aninduced polarization survey isknown as
chargeability M, and is defined as (Reynolds, 1997)

1 tig
M == [VOIt (unitis msec) )

where V(t) is the decaying voltage, t. andt,, | isthe start and stop time of the interval and V, isthe
voltage measured before the current isturned off. Alternatively, the chargeability can be presented
as

1 b
V.0 JV(t)at (unitismv/V) (10)

Spontaneous potential (SP) is composed of electrochemica and kinetic potentials. They may
originate from dumped metals or sulfidic ores, which undergo oxidation and reduction processes
or from fast moving gases or liquids. SP can aso be caused by metal casing (Vogelsang, 1995).
Inprinciple, itisvalid that positive SP hintsat increasing salinity/conductivity of the porefluid and
that negative SP may indicate fresh water, provided the clay content remains stable within the
logged depth. In this study, the holes were drilled electrically without boring and variation in
subsurface conductivity relative to the top soil was observed.

METHOD

Thesurvey site coversan areanetwork shownin Figure4. The Schlumberger electrode array for
vertical electrical sounding was adopted for the Electrical Resistivity sounding, Spontaneous
Potential (SP) and Induced Polarization (chargeability). M easurements were taken simultaneously
withthehelp of digital Syscal Junior resistivity equipment. A maximum current el ectrode spacing of
1.5kmwasusedfor thesounding. TheVEScurvesobtained by plotting theapparent resistivity against
the current el ectrode spacing were interpreted by the partial curve matching method (Orellanaand
Mooney, 1966) and computer iteration technique (Vander Vel pen, 1988). A typical exampleof this
curveisgivenin Figure 5. The SP data thus obtained for various el ectrode spacing was plotted on
a semi-logarithm paper to show sequence of lithology beneath the subsurface in terms of layer
conductivity relative to the upper layer/topsoil. The induced polarization mode (chargeability)
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measures the transient decay of the voltage when the transmitted current isturned off. The voltage
isintegrated over anumber of timeinterval swith thetotal integrationtimelimited to 8 sec. Thedata
obtained was superimposed on the SP profile on the same semi-log paper for proper lithological

correlationand differentiation between theconductivesalinewater sand bed and conductiveclay bed
when correlated with the resistivity curves (Figure 6).

RESULTS AND DISCUSSION

Theresults of this study are presented as sounding curves (ER, SP and IP), geoel ectric sections
and isoresistivity maps. The electrical resistivity curves obtained range from five layers HAK,
QHK to eight layers QHKHKH type curves (Figure 5) associated with areas where the subsurface
lithology is intruded with saline and brackish water. The SP and I P curves are shown in Figure 6
wherethe SPvalueswereused to delineatethe subsurfacelithol ogical unitswhich consist of clay and
sandlayersintermsof their relative electrical conductivity. High SPvalueswereencounteredinthe
clay layer asaresult of their absorption potential saswell asinsalinewater sandformationduetohigh
conductivity while low SP values were obtained in the sand layers containing fresh water as this
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Figure5. Typical sounding curvesof VESstations.
generally reduces the amplitude of the SP (Telford et al., 1990).

In saline water sand and clay formationsthe resistivity curveis characterized by low resistivity
values and high SP values making it difficult to differentiate the two lithologies, however the
integration of 1P and ER results (Figures 5 and 6) enabled the low resistivity saline water sand
layers to be differentiated from clay formation as clay layers normally give high 1P amplitudes
whilesand layersgivelow IPvalues. Figure 7 shows geoel ectric sections prepared using theresults
of the resistivity and thickness obtained from the computer iteration.

We were able to delineate clearly the low resistivity clay layer and low resistivity saline/
brackish water sand formation with the aid of P results. Generally areas with low resistivity clay
formation exhibits high IP value as clay formation inhibits easy flow of electrons through it due
to its non-permeable nature. This leads to charge build up around the formation hence high
measurable | P values (= 20 mV/V). In saline/brackish water sand formation the resistivity islow
due to high conductivity nature of the fluid; however, the high permeability nature of sand allows
easy flow of electrons through the formation resulting in low measurable IP value (usually < 10
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Figure 6. IPand SP curvesfor VES 7 and 10.

mV/V). Inaregionwithminor clay (sandy clay/clayey sand layer) thelPvalueliesbetween 10—-20
mV/V andresistivity rangesfrom 23—-88 Ohm-m. In clean sand formation thel|Pwasgenerally low
(<10 mV/V) whiletheresistivity valueis generally high (> 90 Ohm-m) (Figure 6).

Inorder todeterminethewater quality of thevariousaquifer unitsidentified withinthestudy area,
the approach of Zohdy et al. (1993) wasintegrated with our deductionsfrom resistivity, | P, and SP
results. These hel ped us group the groundwater quality within the sand formation into three groups
within the study area. Group oneischaracterized by low resistivity (0.8 —25.9 Ohm-m) and low |P
value (< 10mV/V) containing saline/brackishwater. Thesecond layer ischaracterized by resistivity
valueof between 23—-39 Ohm-mand 43—86 Ohm-mwith | Pof between 10and 20 mV/V. Thewater
quality variesfrom poor (23—39 Ohm-m) to intermediate (43—86 Ohm-m) quality. Thethird group
ischaracterized by ahighresistivity value(90—240 Ohm-m) andlow | Pvalue(< 10mV/V) consisting
of good to very good water quality.

Tounderstand the hydrostratigraphy and water quality at variousdepthswithinthestudy area, the
isoresistivity map was superimposed on the lithology of the area at various depths (Figure 8).

Atadepthof 4m, agreater portion of thestudy areaisunderlainby alow resistivity sandformation.
The water quality varies from saline to very good. At the central portion the water quality isvery
good while at the south, east and western portionsthe water quality variesfrom salineto poor. The
northern portion is characterized by intermediate quality.
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Figure7. Geoelectric sections.

At adepth of 10 m the study areais underlain by alow resistivity clay formation. At 50 m the
subsurface is characterized by clay except for small region within the south and eastern portions
of the study area that are characterized by clayey sand with intermediate water quality.

At 100m, thesubsurfaceischaracterized by clay, clayey sand and sand (Figure8). Thecentral and
northern portions are characterized by a sand formation consisting of aquifer units of good to very
good quality fresh water while the western and eastern portion is characterized by clayey sand of
intermediate water quality. Groundwater development should focus on the central and northern
portion of this area.

The subsurface lithologies at 150 and 200 m are almost similar. At 150 m, the subsurface is
characterized by clay and clayey sandformation except for thecentral portionwheresand containing
very goodwater quality wasdelineated. At 200 m clay and clayey sand are predominant; however the
central and southern eastern sectionsare characterized by sandformation of very good water quality.
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At230m, thegreater percentageof theareaisunderlain by sand having very good quality freshwater
(Figure 8).

At 10 and 50 m where the subsurface is predominantly clay probably explains why most of the
borehol e development in this areawas met with failure. Observations at 4m depth explain why the
majority of the hand dug wells have saline to poor water quality.

Two major regions suitable for sustainable groundwater development have been identified. At
100 m, the central and northern regions present a good area for groundwater development while
at 230 m, the central, southern and southwestern regions present good area for groundwater
development. Figure 9 is an overview of how lithology changes with depth

CONCLUSION

In thisstudy, predrilling el ectrical measurements were undertaken in the Irawo area of 1korodu,
Lagosto determinethe aquifer unitsand groundwater quality. The study reveal sthree aquifer units
with varying groundwater quality. Groundwater development for the exploration of good to very
good quality groundwater can be undertaken at a depth of 100 m within the central and northern
region and at 230 m depth within the central, south and southwestern portion of the study area.
Analysisof theintegrated datafrom Electrical Resistivity, Spontaneous Potential (SP) and Induced
Polarization data (I1P) has helped to clearly delineate various lithological units and groundwater
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quality. IPresponsewas used to differentiate between low resistivity clay and low resistivity saline/
brackishwater sandformation. A proper geophysical survey beforedrilling of water boreholesinthis
areaisnecessary to avoid boreholefailure as depth of occurrence of good quality groundwater and
the thickness of overlying clay materials vary from location to location.
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