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ABSTRACT

Errorsthatemergeaseitherof under/overestimationof depthof investigationin electricalresistivitysurveysmaynot
necessarilybe whollydue to data processingimplementationstructureor field measurementprocedure.A YES
explorationprocedureaimedat determiningthe explorationpotentialityof a newlyacquiredresistivityequipment,
markedhereasT,wascarriedoutusingtheequipment,anolderwell-testedversionof terrameterequipment,andan
adaptivegenerator-poweredassemblage,at threesurveysiteswhosegeophysicalandhydrogeologicparameterswere
wellknown.Theresultobtainedateachsiteforeachof theequipmentwascomparedwiththeknowninformationfor
thesiteandwiththeboreholelogofa functionalboreholeinoneof thesites.Thethennewlyacquiredterrameterwas
foundtoconsistentlyunderestimatedlayerthicknessesanddepthtobasementincomparisontootherequipment.
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INTRODUCTION

Sourcesof error in geophysicalprospectingare mostoften than not attributedto inaccuraciesin takingfield
measurementsor improperhandlingof equipmentOftentimes,inherenterrorsin instrumentsareseldomconsidered
dueto thebeliefthatanythingne3wlymade,whichareveryneatlyandattractivelypackaged,especiallyfromhighly
technologicallysophisticatedsocieties,areperfect.Althoughmostof thetime,equipmentmanufacturedthereare to
highprecision,yetoftentimes,equipmentsentout,mostespeciallyto developingcountries,maynotbeto thesame
standardandqualityasexpected,andarethereforepronetohavingsystemerrors.

A terrameterT, was investigatedto determineits levelof accuracyand suitabilityfor takingfield readings.The
interpretedresultof itsdatawascomparedwithsimilarresultsobtainedwithanolderwell-testedversionof terrameter
equipment,andan arrangementof an electricitygenerator-poweredsystemcomprisingof an electricitygenerator,a
digitalvoltmeter,a digitalammetersetfroma digitalmultimeterPM2522,connectingwires,andfourcopperelectrodes.
Thiswasalsocomparedwiththeboreholelogvalueobtainedfroma productiveboreholedrilledbyMessrsPreussagat
theJamm'avillageintheKubanniriverbasin.Thetestsiteforthetetrametersandthealternativearangementisthesite
ofthementionedproductiveborehole.Forthethreesetsofinstruments,thenormalSchlumbergerarraywasused.

FIELDTESTAREA

Thefieldtestareais thelocationof a productiveboreholedrilledintheJama'avillageintheKubanniRiverBasin.The
basinwaschosenonthegroundthata lotof workhadbeenundertakenwithinthebasinby numerousresearchers.
Thereis thereforeanabundanceofgeologicandgeoelectricinformationonthebasin.Thebasinoccupiesthecentreof
the South-Easternsectorof theZariasheet(No 102SW.) of the 1:50,000sheetordinancesseriesof the Nigeria
ordinancessurveymaps.It is approximatelyboundedby latitudes1 1°4'25"Nand 1 1°10'45"N;and longitudes
r36'56"E and7°44'27"E(Shemang,1990).Thebasinhasanaverageareaofabout150km(Egbeifo,1978).It lieson
a plateauwitha heightofabout570mabovesealevel,andhasa dendriticdrainagepattern.Thebasiniselongatedin
theNW-SEdirection(fig.1),beingthedirectionof dominantfaultingandjointingin thebasementcomplexof Nigeria
(McCurry,1970).

Akpoborie(1972)suggestedthatthepresenceof jointsandfracturespredominantlycontrolthe flowof underground
, waterinthebasin.Ososami(1968)foundthatthedepthtobedrockinthebasinvaryinthicknessfromlessthan1m,to
about30 m. Egbeifo(1978)establishedthat thedepthto watertableat variouslocationswithinthe basinranges
between3 m and10m. Olugbemiro(1985)estimatedthedepthto basementaroundJama'aKubannivillagein the
basintobeabout36m.ThiswascorroboratedbytheboreholedrillingworkdonebyMessrspreussagNigeriaLimited
in 1985.Recentgeophysicalworkin thebasementincludethatof Bajeh(1992),whoconducteda groundmagnetic
surveyof thebasin,andestimatedthedepthto basementto bebetween0 m and50 m.Makinde(1996),usingthe
,Schlumbergerarrayanda variantof thetwo-electrodemethod,establishedthedepthto basementwithinthebasinto
bebetween1.3mand50m.
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Rg. 1:BasementGeologyMapofKubanniRiverBasin(AfterEgbeifo,1978)



FIELDINVESTIGATION

VerticalElectricalSounding(VES)is a geophysicalmethodusedfordepthprofilingandexploration.Theparameterof
interestis thevariationof resistivity,p withdepth,whichby implicationenunciatesthevariationofconductivity,crwith
depth.Theundergroundis madeupof layersof apparentlyinhomogeneousmedia.Earthelectricalresistivityprofiling
instrumentsnormallymeasurethe apparentresistivity,psof the earthmedia.Theapparentresistivityhasa direct
bearingontheconductivityofthefluidcontainedintheporesofthelayersofearthintheareaunderinvestigation.

In conductingthe fieldinvestigation,usewasmadeof a terrameterT - the instrumentwhoseperformancewasin
doubt,anolderversionof terrameter,andanalternativeYESinstrumentpackageconsistingofanelectricitygenerator,
a digitalvoltmeter,a digitalammeterset froma digitalmultimeterPM 2522,connectingwires,and four copper
electrodes.Thesesets,whichhadprovedto produceaccurateresultswasusedto givethestandardsetof readings
againstwhichthereadingsfromtheterrameterTwascomparedinorderto beableto detectthelevelof inaccuracyin
theterrameter.

TheSchlumbergerarraywasemployedincarryingouttheinvestigationusingthethreesetsofequipment.Inusingthe
alternativeYESinstrumentpackage,twoof thecopperelectrodeswereusedascurrentelectrodes,whiletheothertwo
servedas the potentialelectrodes.ElectriccurrentI, measuredwiththe digitalammeter,wasdrivenintotheearth
throughthecurrentelectrodes,whilethepotentialdevelopedintheearthdueto theinteractionbetweenthecurrentand
theearthstructurewasfedintothedigitalvoltmeterthroughthepotentialelectrodes.

IncarryingoutthefieldinvestigationusingthenormalSchlumbergerarray,foreachcombinationof potentialelectrode
spacingMN,and currentelectrodespacingAB, whichgave a measurablevalueof the potentialdeveloped,a
configurationK-factorwascalculated.Thiswasusedalongsidethemeasuredvalueof I andVtoobtaintheresistance,
Rand subsequentJytheapparentresistivitypsforthatfieldobservation.Theterrameterreadinggivesthedirectvalue
ofR.Theapplicablegeneralfieldequationinallthecasesisgivenas:

ps = KR ................................................... (1)

whereR = VII

The configurationfactor,K wascalculatedusing

K =,,[:;;- ~]HOHHOHHHHOHHOHHH (2)

The computedapparentresistivitywas plottedagainstY2AB ona bi-Iogarithmicscale.

RESULTS

Figure2 showstheYES1 plotobtainedovertheselectedlocationusingtheterrameterT; fig.3 showstheYES2 plot
obtainedoverthesamelocationusingtheassembledYESequipment;fig.4 showstheYES3 plotobtainedoverthe
locationusingtheolderversionofterrameter;andfig.5 showstheboreholelog(BHL)fortheproductiveboreholeatthe
selectedlocationintheJama'aKubannivillage.

AninterpretationoftheYEScurvesshowsthefollowing:

TheaboverepresentstheaveragevaluesobtainedusingtheterrameterT, theassembledYESequipment,andthe
olderversionof the terrameter.Thethicknessshownis the totaldepthfromthe earthsurfaceto the baseof the
identifiedlayer.

Layer Boreholelog BHL YES 1 :::::: %error VES2 :::::: %error VES3 :::::: %error

Thickness(m) p(Om) h(m) wrtBHL p(Om)h(m) wrtBHL p(Om) h(m) wrtBHL

1. 9.0 116 7.4 17.78 72 8.0 11.11 72 8.2 11.11

2. 18.0 69 13.8 23.33 26 17.5 2.77 26 17.5 2.77

3. 36.0 617 31.5 12.50 191 36.0 0.00 191 36.2 0.00

4. 00 988 00 1827 00 1827 00
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Fig.5:GeologicalWell-logobtainedby preussagNig.Ltd.at Jama'aKubanni(afterOlugbemiro,1985)
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CONCLUSION

Fromtheinterpretedresultobtained,andshowninthetable,it isevidentthatthereisgrosserrorin theresultobtained
usingtheterrameter1. TheterrameterT wasobservedto havecontributederrorsrangingfrom12.5%to 23.33%into
the layerthicknessesof theearthmediaunderinvestigation.ResultobtainedoverVES2 andVES3 showthatthe
arrangedequipmentusedandtheolderversionof terrametergavealmostthesameresultaswhatwasgivenby the
boreholelogobtainedovertheJama'avillageboreholedrilledbyMessrspreusagNig.Ltd.Thiswasin linewiththe
VESplotsoffigs3 and4 obtainedoverthesamesurveyareausingthealternativeequipmentandtheolderterrameter.

Thisthereforesuggeststhatforanynewlyintroducedequipment,it is necessaryto conductequipmenttestovera site
havingadequategeophysicalinformation,andagainstinformationcollectedusingalreadytestedandtrustedequipment
to avoidembarrassingdeliveryfailureto clients,under-or over-estimationof projectvaluation,andsometimesan
outrightdisappointingdryhole.
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