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ABSTRACT

In hard rock terrains, groundwater movement, migration, and storage occur through subsurface
fractures.Toassessthefracturesandassociatedwater,theauthorscarriedintegratedgeophysical
investigation with Wenner, GRP, Schlumberger, and Pole-Dipole array in the Indian state. The
resistivitysurveywascarriedoutusingaCRM-500resistivitymeter.Theanalyzedresultsarealso
re-verifiedwiththehelpofIPI2WINsoftware.Initially,lateralandsurfacevariationsofresistivity
wereplottedbyusingWennerandgradientresistivityprofilingarray.Thenthelowresistivitypoints
wereinvestigatedwithSchlumbergerandPole-Dipolearray.Ininterpretation,lowresistivezones
identifiedcorrespondtothepossiblefracturedzones.Theresultsallowedmappingoftheweathering
zoneatdepth12to15m,anddeepfractureliesbelowdepth55.0mdepth.Thepresentstudyvalidates
thattheintegratedgeophysicalsurveyisapowerfulexplorationtechniquetoscrutinizeandidentify
water-bearingfracturesinthehardrockarea.
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1. INTRoDUCTIoN

Groundwaterexplorationinhardrockareasisoftenmorechallenging,soboreholedrillinggenerally
failed. Generally, tube-wells drilled without proper integrated geophysical and hydrogeological
investigationoftencannotyieldgroundwater inhardrocks. Inhardrockterrains,groundwater is
trapped in fractures,cracks,and local rock faults.Thuspotentialgroundwateryieldbankon the
interconnectivityoffracturesandtheirsize.

Goodcontrastbetweentheresistivityoffracturedrocksandundisturbedhardrockisobserved
ifthesefracturesarewater-saturated.Thefracturedzoneshowslowerresistivitythanhardrock’s
(KarousandMares1988).

TheVerticalElectricalSounding(VES)techniqueiswidelyusedinsoftandhardrockareas
to delineate the ground water-bearing hydrogeological formations. The direct-current (D.C.)
resistivity method specifically for a vertical electrical sounding (or Schlumberger sounding) is
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effectivelyemployedingroundwaterinvestigationbecauseofthetechnicalsimplicity,straightforward
interpretation,andruggednatureoftheassociatedinstrumentation.

IncentralDeccanTrapsofcentral India, several typesof researchhavebeensystematically
executedbyusinggeophysical andhydrogeological (Singhal1997;Pawar et al. 2009;Rai et al.
2011;Ratnakumarietal.2012;Raietal.2013)tocharacterizeandfindfractureszones,groundwater
movement,andaquifers.

Schlumberger’ssoundingiswellknownandusedasaverticalsoundingtechniqueforfinding
theresistivityvariationswithdepth.However,itiscomplicatedandunfruitfultooperateresistivity
soundings everywhere without a priori information, especially in hard rock terrains. Because in
hard-rockareas,water-saturatedfracturesarerandomlydistributedbothhorizontallyandvertically.
Soiftheverticalelectricalsoundingisconductedrandomly,withnopriorinput,itmayskipfracture
hencegroundwater.

KeareyandBrooks (1984), andTelfordet al. (1990)havediscussed thegeophysical survey
geometriesandarray.Inthisfollowingintegratedgeophysicalstudy,weusedfourD.C.electrical
surveyarraystoexplorethefractureinhardrockwithminimumambiguity.Recentlymanyresearchers
workedoncompositegeophysical investigation indifferentgeologicalsettings,YadavandSingh
(2007).Correlationsbetweenelectricalresistivityandgeotechnicalparameterswerealsoinvestigated
byDevietal.(2017).

Inthepresentstudy,IntegratedgeophysicaltechniqueswereemployedinRaipur,Chhattisgarh,
India.Thestudyaimstofigureoutthepracticalmeritsanddemeritsofelectricgeophysicalmethods
anddelineatethehardrockterrain’swater-bearingfracturezone.

Inthisstudy,theresistivitysurveyswereexecutedusingAquameterCRM500instrument.The
CRM500isanindigenousmicroprocessor-basedresistivitymeter).TheAquameterCRM500isa
high-powerversion(40Watt),validforawiderangeofresistivities.Thisinstrumentgivesdepth
informationup to600metersbasedonfieldconditions.AquameterCRM500 isasinglebutton
operationsystemthatgivesreliableandin-depthresults,eveninharshfieldconditions.

2. STUDy AREA AND HyDRoGEoLoGy

StudyAreaDuringILTC2018-19,GeophysicalInvestigationwascarriedoutatKamalVihar,Raipur,
andChhattisgarh.ThestudysiteislocatedintoposheetNo.64G/11.Thestudyareafallson21°12’16”
N81°40’2”Elatitudeandlongitudeposition(DMS).TheGoogleearthprosoftwareimage(Figure
1)clearlyshowsthestudypointsonthemap.

2.1 Hydrogeology of the Area
TheChandiformationoftheRaipurgroupistheprincipalgeologicunitexposedinRaipurcity.Its
thicknessvariesfrom103mto136m(Sinhaetal.,2002).ChandiformationcomprisesDeodongaer
shale,sandstone,andlimestone.Limestoneexposedtovariousplacesinthecityiscavernousand
jointed.Deodongaer,amemberofChandiformat֯ion,consistsofthinlylaminatedsiliceousshales
andsandstonethatoverliestheNewarilimestonewithasharpcontact(GSI,2005).TheGunderdehi
formationalsooccursintheRaipurcity,whichcomprisesmainlyNewarimembers(limestone).The
localgeologyisshowninthetable-1.

GroundwateroccursbothinshaleandlimestoneofChandiFormationinthesurroundingareas.
Athickbandoffersconditionsfavorablefortheoccurrenceofgroundwater.Thedugwellstapboth
shale&limestones,whiletheborewellsgenerallytapthelimestone’sdeeperaquifer.Theaverage
depthofwaterlevelinopenwellsrangesfrom6to10mbelowgroundlevel.

2.2. Availability of water Resources
Theregiondelineatedfortheproposednewcity’slocationiswaterbodiesintheformoflakes,ponds,
rivers,andirrigationcanals.WaterfromthethreelakesKumhari,Pirdaon,andKurudcanbetapped
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