
 
 

 

Flood Plain and Channel Sand Reservoir in Deepwater 
Environment - A Case Study of ‘Oyo-Dw’ Field Niger Delta, 
Nigeria 

 

Abstract:The Deepwater environment of the Niger Delta Basin is one of the hydrocarbon exploration frontiers believe to be 

promising and highly prolific if properly harnessed.Someofthereservoirunitsareaffectedbymulti-

scalecompartmentalizationresultingfromstructural,stratigraphicand/ordiageneticprocesses.Reservoircompartmentalizationcanco

mpromisethelateralandverticalconnectivityofothermicroreservoirsthushavingsignificantimpactontheestimationofoil-

inplaceand/orrecoverablereserves,aswellastheplacementofexplorationdevelopmentandproductionwells.A3Dseismicdatasetandg

eologicaldatafromOil Mining License 121inDeep-

waterenvironmentofNigerDeltawasanalyzedtoassessandquantifythearchitecturalelementsthatinfluencethecompartmentalization

ofdelineatedreservoirunits.ThekeyaimofthisstudywastoundertakedelineatethereservoirsandsindeepwaterenvironmentalNigerDel

taasitisapplicabletochannelreservoirsandfloodplain.Thisstudyinvolvedcalibrationofseismic-to-

welltie,determinationofspatialdistributionpatternsofsubmarinechannels;establishmentofhydrocarboncontrol;evaluationoftherese

rvoircompartmentalizationandtrappingmechanismovertheprospectarea.ItisimportanttounderstandthespatialdistributionofSubmar

inechannelsbecausetheyaremadeupofimportantpotentialreservoirstrata.Largechannelswithnumeroussmallerchannelsarelaterally

scatteredacrossthestudyarea.Attributeanalysisrevealedthedegreeofcompartmentalisationwithinthesub-

channelandthesanddevelopmentpatternwithinthechannelsandthefloodplain.Theresultsofthisstudycanprovidesignificantcontributi

onstofurtherhydrocarbonexplorationindeep-

waterareaofNigerDeltaandhenceleadtomorediscoveryandincreaseinthecrudeoilreserve. 
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1. Introduction 

Deep water could literarily mean two different things to 

anyone that comes across it.In geological reference, it could 

mean deepwater system transported through gravity flow 

processin a marine environment. Sea depth more than 500m 

(1640ft) could ordinarily be referred to as deep water 

environment.Concerted effort and processes have been on-

going for over four decades in exploring for 

reservoirslocatedinpresent-daydeepwater, and these have 

resulted into manyprolificdiscoveries.Deep-

waterexplorationintheGulfofMexico,Brazil,andwestAfricaista

rgetingandfindingalargenumberofhydrocarbonpoolsindeep-

watermarine-sandsystems, 

about1/5
th

ofthesereservoirshadbeendevelopedrecently to 

about two decades ago. 

Significant attention has been given to 

Deepwaterchannelsinthepetroleumindustryduringthepastdeca

de,and this is due 

totheimportantdiscoveriesthathavebeenmadeinseveraldeepwa

terbasinsinwhichreservoirperformancewascriticaltodevelopm

entdecisionsandstrategies.However, 

importanceofchannelsassandconduitsforbypasstothebasinfloo

rprobablywasnotfullyappreciateduntilrecently.Ever 

sincelargevolumesofsandwererecognizedtooccurdowndipofm

uddyslopesystems(e.g.,AngolaandthenorthernGulfofMexico[

13].  

It has been discovered that Deep-

watermarinesandstonesare 

oftenprolificreservoirswheretheyoccur.Theycommonlycontai

noilfieldsbecauseoftheinterfingeringofgravity-

flowsandstoneswithsource rocks that are marine in 

nature[14].TheinterfingeringoftheUpperJurassicsubmarinefan

softheUKNorthSeawiththeKimmeridgeClayFormationsourcer

ockis a practical example that occurs in 

theprovince,e.g.,theMagnusandClaymorefields.Deep-

marinesandstoneshas been found out to exhibit reservoir 

quality that 

isamongthebestofthevarioussedimentaryenvironmentsthatco

mprisereservoirs, petrophysical qualities such 

asporosities,permeabilities,andnet-to-

grossratiosaretypicallyhigh.In some 

unfavorableconditions,deep-waterreservoir 

sandstonesmaybepondedandstackedverticallyintoverythick,sa

nd-

richintervals,examplesofthiscanbefindBonga,AgbamiandErha

ofNigeria. 

A rangeofsedimenttypesfromvery fine particle: clay-

tocoarse and gravel-

sizeparticlesthatincludebothterrigenousandorganic 

materialdeposits are representation of Floodplain 

sediments.Theimportanceoffloodplainsedimentsisdouble 

fold.First,thesedepositsrepresenteconomicallyimportantreserv

oirsofoil,naturalgas,andwater,andincludesignificantcoalreserv

es.Also,floodplainsedimentsrevealdetailedrecordsgeologicpro

cessesandcontinentalenvironments that happened in the past 

and also going on currently.[4]. 

Channels may be braided or meandering,this often leads to 

the development of a belt in which sands deposited by the 

channels will accumulate[8] 
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2. RegionalSetting/GeologicalContext 

TheNigerDeltalies 

aboveatriplejunctionofGulfofGuineaTranslationZone,SouthA

tlanticspreadingridgesystemandBenueTroughand this 

ceasedtospreadfurther aftershort-livedsubductionepisode[1, 

18]. 

The Basin wasformedduringthePrecambrianbybuild-up of 

sedimentsoveracrustaltractestablishedbyriftfaulting[17].The 

Niger Delta area and the connecting basins are also located in 

a tectonically active region and are exposed to pre/post 

deformation, gravity tectonism is responsible for primary 

deformation[15]. Most active is shale tectonism where 

gravity-driven fold and thrust belts are widely developed 

[7].TheNigerDeltaBasinisconfinedbytheBeninAxisLinetothen

orthwestandtheCretaceousridgesontheAbakalikihightothenort

heastwhiletheCameroonVolcaniclinemarkstheeasternoffshore

extentofthebasin[16]. 
The Tertiary reservoirs of the Niger delta offshore are 

turbidites deposited within the shale prone Akata formation, 

and they are of Miocene to Pliocene in age. Turbidite 

reservoirs are charged by hydrocarbons expelled mainly by 

early Tertiary mobile shales. Intra reservoir shaly intervals 

have also been proven to be effective source rocks. Trap 

formation in area of study is mainly due to diapir uplift in 

combination with stratigraphic components. Turbidite 

deposits onlapsynsedimentary growing diapirs and drape then 

when sedimentation can compensate topographic relief, with 

channel lobe systems continuing the downdipflank of the 

diapir. Major sediment thickness is recorded within inter-

diapir depocenters, indicating ponding effect within this 

portion of the slope. Genesis of major clastic sediment 

fairways, by which turbidite sediments are distributed 

throughout the continental slope to the basin plain, are likely 

linked to recurrent collapses of the shelf margin. Shelf 

margin disequilibrium and collapse phenomena are triggered 

by phases of rapid progradation occurring during the falling 

limb of relative sea level change. 

The overall sequence architecture corresponds to the long-

term evolution of the Niger delta offshore sedimentary basin, 

with more distal basin plain / lower slope facies overlaid by 

prograding middle to upper slope successions. The 

Middle/Upper Miocene succession is constituted by poorly 

confined and ponded depositional lobes deposited in the 

inter-diapir areas, rapidly shaling out on diapir flanks. In 

contrast, the Late Miocene/Pliocene succession is 

characterised by the occurrence of more confined 

upper/middle slope channel complexes trending NE-SW. The 

sandstone reservoirs, of sandstones and shales intercalations 

in quick succession within the Agbada formation account for 

oil and gas production in the delta[11]. There may be 

uncertainties in the extent of the Niger Delta but the 

sedimentary environments in the Niger Delta is heterogenous 

in nature indicating that it is s mix of fluvial, tidal, and wave-

related deposits and landforms.[2] 

3. Location of the Study Area 

Only one petroleum system is identified with the Niger 

Delta Basin[9, 3] and this is referred to as here as the 

TertiaryNigerDelta(Akata–

Agbada)PetroleumSystem.Theoverall 

maximumextentofthepetroleumsystemmatcheswiththebounda

riesoftheprovince while 

theminimumextentofthesystemisdemarcatedbythearealextent

offieldsandcontainsknownproperties. 

TheOyo-DWFieldislocatedwithin the deepwater 

environment of 

theNigerDeltainOML120approximately75kmfromthecoastlin

e within the range of deepwater classification on the world 

map.TheOilMiningLicenseisboundedinthenorthbyAgip'sOM

L125,westbyEsso'sOML133,southbyOML121andontheeastb

yCavendish'sOML110andChevron'sOML89.OML-

120isaneight-

sidedelongatedblockwithatotalareaof910.05km2.Waterdepthr

angesfrom200mto900m,increasingfromtheNEtowardstheSW

corner. 

ThefieldwasdiscoveredwithOyo-

1,thefirstwelldrilledinthefieldin1995andfollowedbyOyo-2,-

3&-4drilledbetween2006and2007.Oyo-2and-

3foundoil/gasintheOyoWestarea,whileOyo-

4appraisedtheOyocentraldiscovery.Oyo-5and-

6weredrilledasproducersintoT1AreservoirinOyoCentralandO

yoWestrespectivelyduring2008and2009.OyoFarEastisyettobe

tested.Also,thedeeperMioceneprospectsinOML120remainlarg

elyuntested. 
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Figure 1. location and base maps of oyo field in niger delta. 

4. Flat Events 

FlateventsareknowntobeDirectHydrocarbonIndicatorsandcouldbeseenhereatalmostalllevelsofthehorizonpickedforthestudies.

There is an always a close to horizontal positive reflections because of positive impedance contrast on the seismic data 

whenever a fluid contact such Gas/Oil, Gas/Water or Oil/Water is present in hydrocarbon reservoir. Whenever this occurs, it is 

termed a flat spot, and this is known to be a direct hydrocarbon indicator. This may appear tilted sometimes because of 

overlying velocity, but they may be unseen when data resolution is insufficient. However, Flat Spots are among the best 

hydrocarbon indicators. At other times, features such as porosity or cementation changes may produce flat spot not associated 

with current fluid contact but with former horizontal reflector.It is easy to recognize Flat spots reflections from the 

hydrocarbon-water contact because of their non-conformable flatness, the signs are always positive [5]. 

5. Statement of Problem 

OYO10wasdrilledonthefieldasanexploratorywellwithintheNorthwestblockofthefieldonthefloodplainincontrasttoexistingwells

onthefieldthatweredrilledwithinthechannelreservoirs.AllreservoirlevelswerepredictedusingDirectHydrocarbonIndicatoranalysis

drapedonstructuralmaps.Electricloggingandmudloggingdataindicatedhydrocarbonlevelsafterdrilling,however,formationfluidsa

mplingsuggestthereservoirsarewetwithtracesofliquidhydrocarbondespitehighgasreadingswithgoodgaschromatographanalysis.T

hisnecessitatedinvestigationintopossibilityofreservoircompartmentalization,sanddevelopmentandestablishmentoffloodplaindrill

ingofwellincontrasttodrillingwithinreservoirchannelsonthefield. 

 
Figure 2. Predrill anplitude map extraction and Oyo 10 well log. 
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Predrilldataandstudyshowalotofpositiveindicationsthatthel

ocationwouldbeproductive.FlateventswhichwereDirecthydroc

arbonindicatorsmatcheshighamplitudewhichalsosupportsthefa

ctthatdrillingwilldetecthydrocarbonbearingsands. 

Despiteallpositivenessinthepredrillstudiesandindicatorsofh

ydrocarbonthatwerecarefullyanalyzed, 

theresulthoweverdidnotmatchthepredrillstudies.Thesandispoo

rlydevelopedtohaveallowedaccumulationofhydrocarboninco

mmercialquantity.Theresistivityvaluesareextremelylowcomp

aredtoresistivityrecordedonproducingwellswithinthefield,Den

sity/Neutronlogsdidnotindicatethepresenceofhydrocarbonofc

ommercialquantity,whilefluidsamplingreveals90%ofwaterins

upposedreservoirs. 

6. Materials and Methodology 

AvailableDatainclude,3DSeismicdata,Checkshotforthewell

s,deviationsurveys,welllogsinlasfileformatandbiostratigraphy

data.Petrelversion2018 

7. Results and Discussions 

It is quite possible fordifferent lithologies of sedimentary 

rocks to be form at different locations sincedepositional 

environments vary from place to place geographically. The 

term Chronostratigraphyrepresent both stratigraphy concept 

and timing principle of rocks in geological history of the 

earth.Chronostratigraphy correlation ties rocks that were 

formed during the same time in history although may be of 

different petrologies.[10] 

Thechronostratigraphiccorrelationdonerevealthatallthewell

sthatproducedhydrocarboninthestudyareafallwithinthetwocha

nnelsthatwereidentifiedaschannelX1andX2whereasthewellbei

ngconsideredislocatedoutsidethesetwochannelsonfloodplain. 

 
Figure3. ShowingChronostratigraphic correlation. Comment [UoK9]: ref. to fig.3  
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Figure4. CompartmentalisedChannel. 

UsingVarianceseismicattributes,itisequallyobservedthatma

jorchannelsX1andX2aremadeupofothermicrochannelssothere

arechannelswithinthemajorchannelsasseeninfigure4. 

 
Figure5. TimeMapwithChannelPolygon. 

Timemapwas superimposedontheChannelpolygon (Figure 

5), 

contourscanbeseenclosingagainsttheshalediapirwhereasthesa

methingcouldnotbesaidaboutthefloodplainwhereOYO10isloc

ated.Inaddition,bothstructuralandstratigraphictrapscouldbesee

ninplaywithinthechannelreservoirbutonthefloodplainwhereO

YO10islocated,samecouldnotbementioned.Thecontoursalongt

hefaultplaneareconstantdepictedthatthediscontinuitiesmaybef
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racturesandprobablynotfaultswithremarkabledisplacements. 

 
Figure6. Seismiccrosssectionofwell3withinthechannelreservoirsand. 

Figure6.showsOYO3welllocatedwithintheChannelX2andw

ashydrocarbonbearing.OYO1and7whichwerebothproducingat

asustainableratewerebothlocatedwithinchannelsandreservoiri

ntheTopMioceneage.TheT1AsandandT1Bweredemarcatedwi

thawell-definedfluid contact. That is 

GasOilContact(GOC)andWaterOilContact(WOC)(Fig.7.)Am

plitudeanomalyalsosupportedthefindings.i.e.highamplitudeisa

ssociatedwithchannelssand.

 
Figure7. OYO-1and7locatedwithintheChannelSandCourtesyAlliedEnergy 
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Figure8.LithostratigraphicCorrelationshowingChannelsonseismic. 

Marine sandstone systems from Deepwater environment 

may often be tough to characterized in the subsurface and the 

major challenge is trying to differentiate between sheet 

sandstones and channel reservoirs. Deep-

watermarinesandstonesystemscanbedifficulttocharacterizeint

hesubsurface.Thebasicproblemisintryingtodifferentiatesheets

andstonesfromchannelcomplexes.Sheetsandstonesarecharacte

risticallywellconnectedlaterallyandcanbeveryprolific, 

whereas large-

scalereservoirconnectivityofchannelcomplexescanbe very 

good,wheretheyhavemergedintoconnectedbodies,or could be 

none productive where they are isolated during deposition. 

Thestudyrevealsthatthepresencebothstructuralandstratigrap

hicbarriers.Forthestructuraltrapsarecreatedbydiapiricstructure

sresultinginintensestratigraphiccompartmentalizationoftheres

ervoirs.Stratigraphicfeaturessuchaschannelsalsotendstocreate

stratigraphiccompartment(s)atthesouthofX-

2reservoir.Thesecompartmentscreatetrapsforhydrocarbonacc

umulationandwerethereforeidentifiedanddelineatedduringthes

tudy. 

TheX-

2reservoirisPlioceneinage.Thisintervalwaspenetratedbyallthe

OYOwells.Atthenorthofthisinterval,thereservoirwasencounter

edbyOYO-10.Atthesouth,OYO-1,-7,-2and-

3encounteredtheX-2sandwithinaNE-

SWtrendingmeanderingchannel.OtherreservoirssuchasU-1,-

2,-3,-4,-5,-6,-7and-

8areoldertomiddleMioceneinagewereencounteredbyonlyOY

O-10. 

ThecontemporaryslopeandoutershelfoftheNigerDeltaarech

aracterizedbyfault-

boundedsedimentarydepocentresandinterveningshalediapirs.

TheshalestructuresweredefinedbyLateMiocenetime,perhapsin

rejoindertolateralshalewithdrawalfrombeneaththeprogressing

deltaicload,jointlywithcompressionalupliftandfoldingofpro-

deltalayers.DuringPlioceneandPleistocenetime,thesestructure

swereconcealedbytheprogradingdelta,andextensionalgrowthf

aultingcommenced[6] 

TheX-

2ischaracterizedbystructuralandstratigraphiccompartmentaliz

ation.AttheNorth,TheX-2reservoirinOYO-

10isstructurallycompartmentalizedbythefaultstructureagainstt

heshalediapirs.Thisthereforedefinesthestructuraltrapwithinthe

reservoir.OYO-

10penetratedtheflankofthestructure.Atthesouth,theX-

2reservoirisstratigraphicallycompartmentalized,asthereservoi

rswereencounteredbyOYO-2,-3,-1and-7withintheNE-

SWtrendingmeanderingchannel.Withinthechannelaxis,higher

netsandispresentattheOYO-1andOYO-

7areaattheeastofthechannelandlowernetsandwasobservedatthe

OYO-2andOYO-

3areaatthewestofthechannel.Thesanddevelopmentisbetterwith

inthechannelsandthisfavoraccommodationofhydrocarbonwhic

hestablishesthefactthatthechannelsandsarebetterreservoirswit

hinthisblock. 

It looks like OYO 10 well narrowly missed the channel 

which could have increased the chances of the prospect just 

like other producing well on other channels (figure 8). The 

horizon was mapped with an arbitrary line taken SE-NW 

across the seismic section (Figure 9). It was duly observed 

that the supposed channel seen on the seismic does not 

actually exist when variance attributes was run across same 
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section as seen on. This is because the chaotic signatures that 

normally characterize channel reservoir was never observed 

on the variance attributes, instead, the area is characterized 

by structural traps resulting from the faults. 

 
Figure9.MappingofhorizonthroughOYO10Channel. 

8. Recommendation 

Withjustonewellwithinthenorthwestpartoftheblockwhichfal

lswithinthefloodplainofthefield,itmaynotbeconclusivethathyd

rocarbonincommercialquantitycanonlybefoundinthechannelre

servoirsandsofthefieldaloneandnotinthefloodplain.Therefore,

morestudiesshouldbecarriedouttotargettheOYO-

10stratigraphy/structureandthechannelsandandtogivecredence

tothisclaim. 
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