
 
 

 

DirectHydrocarbonIndicatorPitfallandSandDevelopmentinD
eepwaterEnvironment-ACaseStudyof‘Oyo-
Dw’FieldNigerDelta,Nigeria 

 

Abstract:Thehighcostofdeepwaterdevelopmentsandthelimitedreachfromoffshoreplatformsrequiresoperatorstohaveagoodunderst

andingofthesanddevelopmentindelineatingreservoirusingDirectHydrocarbonIndicator.Awell“OYO”-

10wasdrilledwithallreservoirlevelspredictedusingAmplitudeasDirectHydrocarbonIndicatoranalysisdrapedonstructuralmaps.Theres

ultscameoutwithpoorsanddevelopmentinthewelldrilledandreservoirsandappearedwetincontrasttotheexpectationofaprolificwell.This

studyshowsthecomplexityofDeepwaterusing“OYO”wellsasacasestudyofwhysanddevelopmentneededtobeinvestigatedbeforeinterp

retingDirecthydrocarbonindicatorsindeepwaterenvironment.A3DseismicdatasetandgeologicaldatafromOML121inDeep-

waterenvironmentofNigerDeltawasanalyzedtoassessandquantifythearchitecturalelementsthatinfluencethecompartmentalizationofd

elineatedreservoirunits.Thekeyaimofthisstudywastoundertakeaseismic‐scalequalitativeandquantitativeanalysisofthesanddevelopme

ntofsuspectedreservoirunitswithinthestudyareainDeep-

waterenvironmentofNigerDeltausingmethodologiesthatcanbeappliedtoothercontinentalmarginsworldwide.Thisstudyinvolvedcalibr

ationofseismic-to-

welltie,determinationofspatialdistributionpatternsofsubmarinechannels;establishmentofhydrocarboncontrol;identificationofvarious

channelreservoirunitsandtrappingmechanismovertheprospectarea.RMSamplitudeextractionwasdonewhichrevealthattherealamplitu

deisfromthemeanderingX2channelturbiditiesreservoirswhilevarianceattributeidentifiedmajorandmicrochannelswithinthestudyarea. 
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1.Introduction 

Indeepwaterexplorationacrucial,andarguablythemostcriticals

ingleissue,iswhetheroilhasbeengenerated,andifithas,whatcanbe

determined,beforemakingcostlydecisions,regardingthequality,

maturity,andtheageofthesourcesuccession[7].Deepwatersedime

ntationisanimportantfactorincurrentoilandgasexplorationHowe

ver,thestudyofitsreservoirarchitecturemodelhaslaggedthatofflu

vial,alluvial,anddeltaicdeposits.[12]Duringthepastdecade,globa

lexplorationindeepwatersettinghassignificantlyincreased,deep

waterremainsanimmaturefrontier.Onlyabout25%ofthediscover

eddeepwaterresourcesaredevelopedandlessthan5%havebeenpro

duced.Mostexplorationactivityhasbeenconcentratedwithinonlyt

hreeareasoftheglobe,withmostofthediscoveredresourcesintheG

ulfofMexico,Brazil,andWestAfrica[9]. 

Themaingoalofhydrocarbonexplorationistorecognizeandde

finebothstructuralandstratigraphicfeaturesthatarecommonlyas

sociatedwithhydrocarbongeneration,deposition,migration,and

entrapment[8].Withthechoicestdeepwateracreagecontinuingto

attractlargesignaturebonusesandwithwellsinsomecasescosting

morethan$US50million,areliablemeansofexploringindeepwat

erisrequired.Whilsttrapgeometrydetailsandreservoirhorizonsc

anbepredictedfromseismicwithincreasingdegreesofconfidence

,nofailproofmethodexistsforremotelypredictingthecompositio

nofreservoirfluidsandgases. 

DHIsareanomaloustypeofseismicamplitudethatmayoccurdu

etothepresenceofhydrocarbons.Theyoccurduetochangeinporef

luids,whichcauseachangeinthebulkrock’selasticproperties.Sei

smicamplitudeattributesmaysignifyreservoirpropertyvariation

stoacertainextent,soseismicamplitudeattributesareusuallyappl

iedtoqualitativelyevaluatereservoirdevelopment[10].Eventho

ughtheDHIanomalieshelpinterpretersmakesmarterdecisionson

prospectevaluation,DHImayalsomisguideexplorationinsevera

lways.Itiswellknownthatseismicamplitudeanomaliescanbecau

sedbyfactorsothercommercialhydrocarbons[6].Someofsuchge

ologicconditionsare:Low-

saturationgas,cleanblockywetsand,low-

velocityshaleormarlandlow-

porositygassandscanbeinterpretedashigh-porosityoilsand. 

DHIsareanomaloustypeofseismicamplitudethatmayoccurdu

etothepresenceofhydrocarbons.Theyoccurduetochangeinporef

luids,whichcauseachangeinthebulkrock’selasticproperties.DH

Isareusedinhydrocarbonexplorationwells,mainlytoreducetheg

eologicalrisks.[13] 

ExamplesofDHIsare: 

BrightSpotswhicharereferredtoasspotswithalocalincreaseof

amplitudeassociatedwithhydrocarbonaccumulations,DimSpot

swhicharecausedbyhighlyconsolidatedsandswithmuchgreater

acousticimpedancethantheoverlyingshale,FlatSpotsthatrepres

entahydrocarboncontactseismicresponsewhereitisapparentlyfl

at,PhaseChangewhichisalsoknownaspolarityreversalandoccur

swhentheoverlyingreservoirhasalowervelocityofthereservoirr

ock.Thiscanoccurwhenapartiallyconsolidatedsandbecomeswe

tandgaschimneythatoccurswhenadefectivelysealedhydrocarbo

nbuildupleaksgasfromadeeperlevelintothesubsurface,whichis

usuallyalongafaultplane.BrightSpotTechnologyisamethoduse

dtodetectoilandgasaccumulatedintrapsbasedonrealamplitude,

whichbecameanimportantorindispensablemeansinoil-

gasexplorationwithgoodresultsinpracticalapplication[1].Theu

seofdirecthydrocarbonindicatorstopredictstructural,lithologic

al,orcombinedtrapsisalsoanecessarythatcanbeusedtosolveexpl

orationproblem[15]. 

“OYO”10wasdrilledonthefieldasanexploratorywellwithinth

eNorthwestblockofthefield,allreservoirlevelswerepredictedusi



 

 

ngDirectHydrocarbonIndicatoranalysisdrapedonstructuralma

ps.Electricloggingandmudloggingdataindicatedhydrocarbonle

velsafterdrilling,however,formationfluidsamplingsuggestther

eservoirsarewetwithtracesofliquidhydrocarbondespitehighgas

readingswithgoodgaschromatographanalysis. 

SeismicDirectHydrocarbonIndicators(DHI)amplitudeanom

alyhasbeenusedasatooltodiscovercommercialhydrocarbonacc

umulationin“OYO”fielduntilthesedays.TheDHIanomaliessuc

has:brightspot,flatspot,polarityreversal,anddimspotarecommo

nlyobservableinfield. 

ThisDHIinadequacyphenomenaindicatethatthereareotherasp

ectsneedtobeaddressedwhenprospectingforhydrocarboninthefie

ld“OYO”field.ThisstudyresultssuggestedthatDHIfeaturesareno

tnecessarilyrelatedtoeconomichydrocarbonaccumulation.In197

0,theseismicamplitudeforthefirsttimewasusedasatooltodirectlyp

redictthehydrocarbonaccumulation.Itwasfoundthathydrocarbon

trapscouldbeassociatedwithbright-

spotamplitudeanomalies.Theseamplitudeanomalies,laterknown

asDirectHydrocarbonIndicators(DHI)weresuccessfullyusedinh

ydrocarbonexplorations.Nevertheless,somedrilledbrightspotssh

oweddryholesinnumerouscases.[14] 

 
Figure1.DeepwaterNigerDeltaStructuralProvincesandPlayTypeCourtesyWeinerandAI2010. 

 

RegionalSetting/GeologicalContext: 

TheNigerDeltaofNigeriaislocatedonthecentralWestAfrican

coastwithintheGulfofGuineaandisboundedtothewestbyBenina

ndtotheeastbyCameroon.TheislandsofSãoTomé&Príncipeliet

othesouth.TheNigerDeltadeepoffshoreareamayarbitrarilybesu

bdividedintowesternandeasterncomponentsbyalinerunningalo

ngthemaindistributariesoftheNigerRiverandextendingitinasou

th-

westerndirectionintotheAtlanticbasin.TheNigerDeltaBasinisr

ankedasoneofthemostprolificdeltaicsystemsintheworldwithres

pecttohydrocarbonaccumulationsorreserves[5] 

TheNigerDeltadeepoffshorebasincanbedividedintoseveralh

ydrocarbonsplaysegmentsofdifferinghabitatstyles.Thestudyar

eaissituatedinthewesternpartoftheoffshoreNigerDelta,withint

heboundaryofcollapsedcrestandshalediapirplaysegments.Diap

irsandnormalfaultsaretheresultofgravitytectonicprocessesdriv

enbysedimentloadingoccurringduringprogradationofthehuge

NigerDeltasedimentarysuccessionontomarinemobileandunder

-compactedshalesduringlateCretaceous–

Paleogene(mobileshales). 

Theintermediatediapirsandfaultingzonearecontainedwithint

heinnerextensionalprovinceonthecontinentalshelf,characterise

dbybothbasinwarddipping,regionalandcounter-

regionalgrowthfaults,andtheexternaldomainatthelowerslope;a

detachmentfoldzonepassingbasinwardtoafoldandthrustbelt. 

TheTertiaryreservoirsoftheNigerdeltaoffshoreareturbidites

depositedwithintheshaleproneAkataformation,andtheyareofM

iocenetoPlioceneinage.Turbiditereservoirsarechargedbyhydro

carbonsexpelledmainlybyearlyTertiarymobileshales. 

2.LocationoftheStudyArea 

TheOyoFieldislocatedoffshoreNigerDeltainOML120appro

ximately75kmfromtheNigeriancoastatanaveragewaterdepthof

about350m.TheOilMiningLicense(OML)120isboundedinthen

orthbyAgip'sOML125,westbyEsso'sOML133,southbyOML1

21andontheeastbyCavendish'sOML110andChevron'sOML89.

OML-120isaneight-

sidedelongatedblockwithatotalareaof910.05km
2
.Waterdepthr

angesfrom200mto900m,increasingfromtheNEtowardstheSW

corner. 

ThefieldwasdiscoveredwithOyo-

1,thefirstwelldrilledinthefieldin1995andfollowedbyOyo-2,-

3&-4drilledbetween2006and2007.Oyo-2and-



 

 

3foundoil/gasintheOyoWestarea,whileOyo-

4appraisedtheOyocentraldiscovery.Oyo-5and-

6weredrilledasproducersintoT1AreservoirinOyoCentralandO

yoWestrespectivelyduring2008and2009.OyoFarEastisyettobe

tested.AlsothedeeperMioceneprospectsinOML120remainlarg

elyuntested.ThisOMLiswithintheNigerDeltadepositionalsyste

m,thedeepwaterplaytypesdrilledwerequitedifferentthananythi

ngknownontheNigerianshelfononshore. 

 
Figure2.MapofNigerDeltaShowingthestudyarea. 

 

3.MaterialsandMethodology 

AvailableDatainclude,3DSeismicdata,Checkshotforthewell

s,deviationsurveys,welllogsinlasfileformatandbiostratigraphy

data.Petrelinterpretationsoftwarewasusedforthiswork. 

Intrareservoirshalyintervalshavealsobeenproventobeeffecti

vesourcerocks.Trapformationintheareaismainlyduetodiapirup

liftincombinationwithstratigraphiccomponents.(Figure3)Turb

iditedepositsonlapsynsedimentarygrowingdiapirsanddrapethe

mwhensedimentationcancompensatetopographicrelief,withch

annellobesystemscontinuingthedowndipflankofthediapir.Maj

orsedimentthicknessisrecordedwithininter-

diapirdepocenters,indicatingpondingeffectwithinthisportionof

theslope.Genesisofmajorclasticsedimentfairways,bywhichtur

biditesedimentsaredistributedthroughoutthecontinentalslopeto

thebasinplain,arelikelylinkedtorecurrentcollapsesoftheshelfm

argin.Shelfmargindisequilibriumandcollapsephenomenaaretri

ggeredbyphasesofrapidprogradationoccurringduringthefalling

limbofrelativesealevelchange. 



 
 

 

 
Figure3.ArbitraryLineshowingOyoNW,Oyofield&prospectswithShaleDiapirIntrusions. 

 
Figure4.PlotofCheckshotversusDepthplotOYO7and1X. 



 

 

 
Figure5.SyntheticSeismogramGeneration. 

 
Figure6.Welltopstoseismicmatch. 

Objectiveofwelltoseismictieistocorrelatethegeologicalinfor

mationinthewelllogdatawiththeseismicinformation.Thewellto

seismictiefocusedonthetargetedintervalandsyntheticseismogra

musedasthecorrelationtooltotiegeologicalinformationtoaccura

tedepth[11] 

Checkshotsurveysareusedtocorrectthevelocitiesobtainedbyt

heintegrationofthesonicintervaltransittimes.Theadjustedsonic

wasthenusedfortranslationofsurfaceseismictimetodepthandint

hecalculationofformationacousticimpedancenecessaryfortheg

enerationofasyntheticseismogramandeventuallyseismictowell

tiewasdone.Thecheckshotgenerallyfollowthesametrendindicat

ingthattherearenosignificantlateralvariationsinseismicvelociti

esacrossthefieldevenifdepthofacquisitioninWell10wasshallow

erthanthatoftheoffsetwell7. 



 
 

 

 
Figure7.Seismicsectionwithflatevents(DHI)observedatalllevels. 

Althoughmostreflectionsmarkunconformitiesand/ortimesur

faces,fluidcontactswithinporouspermeablerocksprovideacoust

icimpedancecontrastthatcutacrossthebedding.Thesearerespon

sibleforflatspots,oneofthemostimportanthydrocarbonaccumul

ationindicators.Acousticimpedancecontrastscanbecausedbych

emicalorphasechanges.Flatspotswerevisibleontheseismicsecti

on (Figure 

7)however,theresultafterdrillingprovedthattheflatspotscouldb

eduetosomereasonsorderthanhydrocarbonaccumulation. 

 
Figure8.Interpretedhorizon3amplitudeextractionwiththeresultantwelllogwithpoorsanddevelopment. 

Hydrocarbonaccumulationsaresometimesrevealeddirectlyo

ntrue-

amplitudeseismicsectionsbylocalizedzonesofanomalousstron

greflectionsknownasbrightspots.Thesehighamplitudereflectio

nseventsareattributabletothelargereflectionatthetopandbottom

ofgaszoneswithinhydrocarbonreservoir.Incontrastasshowninfi

gurethesanddevelopmentcameoutpoorafterdrillingdespitehigh

amplitudeobservedonthehorizons. 

4.ResultsandDiscussions 

Twomajorreservoirunitswereobservedinthestudyarea;thece

ntralpartnamedasX2-

Channelcompartmentwhichisthecentralportionofthefieldandth

eNorthWestblock.TheX2Channelcompartmentischaracterized

bymeaderingchannelwhichturbiditesreservoirs.Alloilandgaspr

oducerwellswereobservedtobelocatedinthiswhichserveasoffse

twells:Well1,2,3,and7arelocatedwithintheX2-



 

 

ChannelreservoirswhereasWell1Xwaslocatedonthefloodplain attheNorthwestpartoftheblock. (Figure9) 

 
Figure9.X2ChannelshowingproducingwellswithinthechannelsOYO10locatedontheFloodplain. 



 

 

 
Figure10.Diapirandfaultingzoneastrapingmechanism. 

 

TheTertiaryreservoirsoftheNigerdeltaoffshoreareturbidites

depositedwithintheshaleproneAkataformation,andtheyareofM

iocenetoPlioceneinage.Turbiditereservoirsarechargedbyhydro

carbonsexpelledmainlybyearlyTertiarymobileshales.Intrarese

rvoirshalyintervalshavealsobeenproventobeeffectivesourcero

cks.Majorsedimentthicknessisrecordedwithininter-

diapirdepocenters,indicatingpondingeffectwithinthisportionof

theslope.Genesisofmajorclasticsedimentfairways,bywhichtur

biditesedimentsaredistributedthroughoutthecontinentalslopeto

thebasinplain,arelikelylinkedtorecurrentcollapsesoftheshelfm

argin.Shelfmargindisequilibriumandcollapsephenomenaaretri

ggeredbyphasesofrapidprogradationoccurringduringthefalling

limbofrelativesealevelchange. 

Diapirsandnormalfaultsaretheresultsofgravitytectonicproce

ssesdrivenbysedimentloadingoccurringduringprogradationoft

hehugeNigerDeltasedimentarysuccessionontomarinemobilea

ndunder-compactedshalesduringlateCretaceous–

Paleogene(mobileshales). 

Theintermediatediapirsandfaultingzonearecontainedwithint

heinnerextensionalprovinceonthecontinentalshelf,characterise

dbybothbasinwarddipping,regionalandcounter-

regionalgrowthfaults,andtheexternaldomainatthelowerslope;a

detachmentfoldzonepassingbasinwardtoafoldandthrustbelt. 

5.Traps 

Trapevaluationisfundamentalintheanalysisofaprospectanda

nimportantpartinanysuccessfuloilandgasexplorationorresourc

eassessmentprogram.Atrapcanbedefinedasanygeometricarran

gementofrock,regardlessoforigin,thatpermitssignificantaccum

ulationofoilandgas,orbothinthesubsurface.[4] 

ItwaswellobservedthatthemajortrappingformationoftheX2

ChannelreservoirswherealltheOilproducerswerelocatedismain

lyduetodiapirupliftincombinationwithstratigraphiccomponent

s. 

(Figure11)Turbiditedepositsonlapsynsedimentarygrowingdia

pirsanddrapethemwhensedimentationcancompensatetopograp

hicrelief,withchannellobesystemscontinuingthedowndipflank

ofthediapir.Whileonthefloodplain,thefaultingpatternformedth

estructuralpattern.Itwasalsoobservedthatthereallclosuresareag

ainsttheshalediapirswheretheclosuresinthefloodplainwherewe

ll10waslocatedisagainstthefault’ssfractures. 

Displacementsarenotreallyobservedonthefaultsformingtrap

swhichsuggestthattheymightbefracturesandnotdeep-

seatedfaults. 
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Figure11.X2ChannelTrapMechanism. 

6.AmplitudeAnalysis 

Seismic attribute analysis is significant in interpretation for 

oil and gas exploration and exploitation for both stratigraphic 

and structural interpretation [3]. These attributes are derived 



 

 

from seismic data to better understand the physical properties 

of sedimentary strata [2] 

RMSamplitudeextractedthatcoversX2channelreservoirunits

whichencounteredwells1,2,3and7aswellasthelocationofwell1

0wasdoneusing-60/+60msand-

30/+30ms.Theamplitudeextractionwasdonetocovertheentirere

servoirsinthestudyarea.Theresultofthisshowsbettersanddevelo

pmentwithintheX2Channelreservoirwhichisconspicuouslyabs

entonwelllocationarea(Figure12).Ingeneral,bettersanddevelop

mentisobservedwithintheX2channelwhichisturbiditereservoir

sandprogressivelyreducedtowardsthesouthernpartofthestudyb

utnotveryvisibleintheNorthWestareawhereWell10waslocated. 

 
Figure12.RMSAmplitudemapshowingX2sanddevelopment(-30/+30ms). 

 

7.Conclusions 

Thestudyshowsthatarebothstructuralandstratigraphictrapsw

iththestudyarea.Themajoroilproducersinthestudyarea(X2chan

nel)aremainlyturbiditereservoirswithgoodsanddevelopment. 

ItwasobservedfromRMSamplitudeextractionthatthissandre

vealsthetrueamplitudewhichisbecauseofthehydrocarbonconte

ntofthereservoirs.Theinitialamplitudeanomalyobservedonwell

10couldhavebeencausedbyfactorsotherthancommercialhydroc

arbonslikelow-

velocityshalesincethesanddevelopmentintheareaispooraccordi

ngtoMikeForrest. 

8.Recommendations 

Morestudiesshouldbecarriedouttoestablishifthereareotherh

ydrocarbonbearingsandsotherthantheturbiditechannelreservoi

rinthearea. 

Indeepwaterenvironment,sanddevelopmentstudiesshouldbe

carriedoutfirstbeforeamplitudeextractionanalysistoensurethatt

heamplitudeobservedcorrespondtothereservoirsand.Thegeolo

gyoftheareavis-à-

visenvironmentofdepositionshouldbewellstudiedtoaidtheinter

pretationforhydrocarbonaccumulation. 

EventhoughtheDHIanomalieshelpinterpretersmakesmarter

decisionsonprospectevaluation,DHImayalsomisguideexplorat

ioninseveralwaysasobservedinthisstudytherefore,itisveryimpo

rtanttohaveasystematicandconsistentworkprocesstointerpreta

ndriskseismicamplitudeanomaliesandthereshouldbemultiplep

ositiveanomalycharacteristicstohaveahighprobabilityofgeolog

icsuccess. 
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