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Abstract

3D seismic data, check shot data and suite of wedis from four wells were
analyzed with Petrel software for the formation dwation and reservoir
characterization of OTIGWE field. The methods adept involved delineation of
lithology from the gamma ray log, identification akservoirs from the resistivity log,
well correlation, determination of petrophysical pameters, horizon and fault
mapping, time to depth conversion, attribute anatysand reserve estimation. Two
reservoirs A and B were mapped. From the petropbgkianalysis, porosity range of
reservoir “A” is 31.48 - 77.47% and reservoir “B”si 18.20 - 33.86% and their
permeability values range from 15 - 80md and fror8-640md respectively. The Sw
values for the reservoir ranges from 32 - 96% inetistudy field while the volume of
shale ranges from 17 - 82% across the reservoir “@&id 49% in reservoir “B”. Four
horizons and eight faults were mapped. The Deptsteucture maps generated showed
an anticlinal structure at the North eastern partf ¢he surfaces dipping towards the
western direction. The reserve estimates of all thells were calculated with OTIG
2having the highest value of 9,279,053.3Immbls. Thesultsofthe petrophysical
analysisrevealedthepresenceoflargevolumeofhydroceuibthereservoirsforcommerci
al exploitation.

Keywords: Formation evaluation, reservoir, lithologies, pptrgsical, Seismic Attributes.

1.0 Introduction

The prolific demand for hydrocarbon produsisce the 20th century prompted intensifiedl@ation for oil and gas
accumulation in reservoir rocks. This led to aneastve study of the Niger Delta depocenters afteyng while of non-

productive search in the Cretaceous sedimentseoB#nue Trough [1]. Petroleum in the Niger De#fgproduced from
sandstones and unconsolidated sands predominariiye iAgbada Formation. Recognized known reservotks are of
Eocene to Pliocene in age, and are oftacket, ranging in thickness from less than 1%emdb 10% having greater
than 45 meters thickness [2]. Based on resergemmetry and quality, the lateral variation reservoir thickness is
strongly controlled by growth faults; with the resars thickening towards the fault within the dotimown block [3].

In order to avert any loss or wastage of resouticese is the need to use a technologically and @oaally viable and

detailed geophysical survey method to propeahd adequately characterize formation Idgp and delineate
reservoirs. This ensures that the porpgiermeability, water saturation and hydroocarbpotentials of the
reservoirs are accurately ascertain for maximyphogation and exploitation of oil and gas.

Hence, in this work, 3D seismic reflectiomtal were integrated with well logs so ascharacterize the various
reservoir units in OTIGWE field using petrgglital analysis and seismic attributes fronmge ray log, resistivity
log, well correlation, horizon and fault mapgitime to depth conversion, attribute analyst$ reserve estimation.

2.0 Location and Geological Setting of the Study Area

The study area lies offshore Niger Delta in southdigeria with an area of about 42.84 km2. The Nigelta is situated in
the Gulf of
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Guinea on the West Coast of Central Africa. Itdsated in the southern part of Nigeria within ledi¢gs 4 OON to €
OO0Nandlongitudes3o o8 to9o OCEandboundedintheEastandWestbytheCalabarandBerksftapectively
[4].IntheSouthitisboundedbytheGulfofGuineaandintbetNbytheolder(Cretaceous)
tectonicelementsofAnambraBasin,Abakalikiupliftsdrehfikposyncline(Fig.1).ltisone
oftheworld’slargestDeltawiththesubaerialportionadwgabout75,000km2andextending
morethan300kmfromtheapextomouth. Theregressivewddagssticsediments,whichit
comprises,hasmaximumthicknessofabout12km.ltbuiltistmihe AtlanticOceanfrom the Niger—Benueriverwhishthemain
sediments  supplier [1].  ThestructureandstratigraphpfNigerDeltaarecontrolledbytheinterplayofsedimsnismply
andsubsidence.lmportantinfluencesonsedimentaryratebeenecstaticsealevelchanges and climatic ieasat the
hinterland. Subsidence hasbeen controlled largéhgbyinitial basementmorphologyanddifferentialseditt@ading
onunstableshale.Hence,itssequenceis extensivelyaffectedbysyn-sedimentaryandpost-
sedimentaryfaultsassociatedwithsourcerock strustarel lithology types favourablefor the generatiaccumulation and
retention of hydrocarbonoverconsiderabledistanoesgtrike. ThismakesthisDeltaprolificintermsof
hydrocarbonoccurrence[4].

Fig.1:IndexMapoftheNigerDeltaShowingProvinceOutline,BoimgbtructuralFeaturesand Minimum Petroleum SystdtarA
[5]

3.0 Methods of Study

The methods of study include structural intergien, seismic attributes and
petrophysicalanalysis.Theywereadoptedusingdelioeatiithologies,identificationofreservoirunitsandlentification of oil
and gas zones from the log signatures of gamma ragistivitylogs and combination ofneutron/densigd.
Faultmappingwas also doneon the vertical seismic splay
acrossthewholeseismicvolume.Seismictowelltiewastbonatcheventsonwelllogsto
thespecificseismicreflectionswiththeaidofcheckdHotizonsweremapped,auto-tracked and convertedto facasto
obtainthetime structuremaps. Thetime structure mapswere convertedtodepthstructuremapsusing
thecheckshotdataprovided.Moreover,seismicattribute analysis
wascarriedoutusingtwosurfaceattributestimemapwhel@perloop areaand interval average in order thamce the
hydrocarbon potential of the field and delineates meservoirs that maybehidden through structuegdsr
Thedataobtainedwereappliedintoempiricalformuladtoegethepetrophysicalproperties

of the mapped reservoir units delineated on thell wéogs. The reservoir units whichwere
identifiedthroughtheuseoftheelectrofaciessignatuess furthercharacterizedquantitatively to deciphe
petrophysicalparameters, volume of shale, ftionafactor, porosity, water saturation and peaivility.
Thepetrophysicalanalysisbeganwiththeidentificatfoegervoirs (sandbodies)withinthe AgbadaFormaticesent in the well
by observing intervals where the gamma ray readitively low values (i.e. deflects tothe left). €rh
fluidcontactwasdeterminedusing the resistivitylogshydrocarbonis moreresistivethan water.
Theparametersdeducedfromtheanalysisofgammaray polasity,nettogross,volumeof
shale,formationfactor,irreduciblewatersaturatioggdriocarbonsaturation,watersaturationand hydrocanane volume were
used to effectively quantify the reservoirs imterof the hydrocarbonpore-volume and Hydrocarbeplace.
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4.0  Theoretical analysis

4.1 Gamma Ray Index

The gamma ray log was used to determining the garagnandex using the formula according to [6]:

ler = (GR.oc —GRun)/(GRwax “GRuin) (1.1)

Where,lcr = gamma ray indeXxGR o = gamma ray reading of formation from log

GRyin = minimum gamma ray (clean sar@Ryax = maximum gamma ray (shale)

Volume of Shale

The volume of shale was calculated by applyinggdiama ray index in the appropriate volume of skeglgation according
to [7] for tertiary rocks:

Vgn = 0.083[237 %GR _ 1 0] (1.2)
Where, Vg, =volume of shale |ggr = gamma ray index.
Porosity

The computation of porosity was done in stagesfitlse involved the use of the Wyllie equation tstimate the density
derived porosity ¢p), and then the neutron-density porosity.(), was estimated using the neutrdn )X porosity coupled
with the density derived porosity.

The Wyllie equation for density derived porositygigen as:

$o = (Umax Co)/(Cmax Lhuid) (1.3)

where: . =density of rock matrix = 2.65 g/c6, = bulk density from log

Lauia = density of fluid occupying pore spaces (0.74déc@as, 0.9g/cc for oil and 1.1 g/cc for water).

The Neutron — Density porosity could be calculatsd

dnp = (dn + dp)/2  for oil and water column (1.4)

bno = (20p* dn)/3  for gas bearing zones (1.5)

Formation Factor

This was achieved using the Humble equation:

F=ad (1.6)

Where, F = formation factor, @ = porosity m = esation factor = 2.15

Formation Water Resistivity (Qm)

Using the Archie’s equation that related the foiorafactor (F) to the resistivity of a formation HD0% water saturation
(R,) and the resistivity of formation water (R the resistivity of the formation water was estted as:

Ry = RJ/F 1.7)

Water Saturation

Determination of the water saturation for the uated zone was achieved using the Archie (1942)tiequgiven below.

S = (F X R)/Ry (1.8)

But, F = R/Ry (1.9
Thus,

S¥= RJ/Rr (1.10)

Where, § = water saturation of the uninvaded zone

R, = resistivity of formation at 100% water saturatidR = true formation resistivity

Hydrocarbon Saturation

This was obtained directly by subtracting the petage water saturation from 100.

Thus: §,=1-80r §, %= 100 - G% (1.11)

Where, §, is the hydrocarbon saturation (expressed as tidragr as percentage).

Resistivity Index

This was estimated using the ratio of formatiom tresistivity (R to resistivity of formation at 100% saturationo)R

| = R/R, (1.12)

Where,| is the resistivity index. Whehis equal to unity, it implies that the reservairat one hundred percent (100%) water
saturation. The higher the valuelpthe greater the percentage of hydrocarbon saorat

Bulk Volume Water

Bulk volume of water (BVW) was estimated as thedoat of water saturation {pof the uninvaded zone and porosity(J
D)-

Thus,

BVW = S, x Q\p (1.13)

Where, & p = neutron-density porosity.
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Hydrocarbon Pore Volume

The hydrocarbon pore volume (HCPV) is the fractiéithe reservoir volume occupied by hydrocarboris Was calculated
as the product of neutron-density porosity and bgarbon saturation as shown below:

HCPV =@, x(1-9) (1.14)

HCPV = Gp X (S)

Irreducible Water Saturation

The irreducible water saturation was calculatedgitiie following relationship:

Suir = (F/2000%7 (1.15)

Where, i = irreducible water saturation, F = formation &act Permeability

This was based on the relationship between pertitgalgorosity, and irreducible water saturatiorheT relationship is
expressed as:

Koil = [(250 x (@\.0)’)/Swir]® (1.16)
Vg, Total

This is the total volume of shale represented @espah factor within a well. It is calculated by:
Average \, x Gross thickness (2.17)

Net Thickness

This is the column of the reservoir that is occdpiy reservoir formation (e.g. sand) only and esisle of non-reservoir
formations (e.g. shale). It is calculated by:

Gross Thickness —\/Total (1.18)

Net to Gross Ratio

This is the ratio between the net reservoir thisknend the gross reservoir thickness. Howeverims®f hydrocarbon pay,
it could be calculated as the ratio between theagtthickness and the gross pay thickness.

NTG = Net thickness + Gross Thickness (1.19)

Effective Porosity

This is the porosity of the interconnected porecepalt assumes the absence of shale from thevo#sdt can be calculated
using the following relationship:

Defrective = (1 — Vamace) * dno (1.20)

Storage Volume

This is the capacity to store hydrocarbon in theereoir. The storage volume is always higher thenhydrocarbon pore
volume within a well because the net pay zone ¢tusive of the grain matrix whereas, the grain iRas absent in the
hydrocarbon pore volume computation as only thedgatbon in the pore spaces is calculated for,

Storage Volume #y.p * Net Pay Thickness (1.22)

Volume of Oil Resources

This is the volume of oil resources per unit aara field. It could be used to estimate oil resamieime in the field.

Volume of Oil Resources = (7758*h*HCPV)/B (1.22)

Where h = net pay oil, B= Formation oil volume factor = 1.2 bbls/STB

Volume of Gas Resources

This is the volume of gas resources per unit ateefield. It could be used to estimate gas reseoleme in the field.
Volume of Gas Resources = (43560 * h * HCP\))/B (1.23)

Where h = net pay gas, 4B Formation gas volume factor = 0.005 cuft/scf

Volume of Oil Originally in Place

Oil originally in place is computed with the follavg equation:

OOIP = Volume of Oil Resources * Area covered Hy oi (1.24)

Here, recovery factors have not been applied. Vbisme could be calculated directly from the voluofeoil resources
contour map. The area of the map occupied by oitailsulated sectionally with respect to the contouervals. The
individual area is then multiplied by the individwantour value to get the individual volumes. Hipaall the individual
volumes are added to get the total volume of cibueces in the field which is equivalent to theuwné of oil in place. The
unit here is stock tank barrels.

Volume of Gas Originally in Place

This is calculated the same way as that of oilinally in place from the volume of gas resourcesteor map. The unit here
is standard cubic feet.

GOIP = Volume of Gas Resources * Area covered sy ga (1.25)

Direct Measurement of Hydrocarbon in Place

The hydrocarbon originally in place could also benputed directly using the average value for thepag thicknesses,
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average hydrocarbon saturations and average ppx@dites and substituted in the following equations

OOIP = (7758*A*hi*Sniy* dn-p)/0o (1.26)
OGIP = (43560*Aadh gadSn(gasf” On-p)/bg (1.27)
A.i= Area occupied by oil #s= Area occupied by gas
h.i= Average height of oil column hgas= Average height of gas column

Sh(iy = Hydrocarbon saturation (oil columnyss)=Hydrocarbon saturation (gas)

5.0 Results and Discussion

The results were obtained from thedifferent studiesmethods made. Eight reservoirswere
mappedoutusinggammaraylog,resistivitylog,Neutrorepityloganddensitylog. Gamma
raylogwhichisalithologylogwasusedforlithologicdifémtiationbetweensandandshale
whileresistivitylogwasusedtodelineatehydrocarboningaone.NeutronandDensitylogs were used to ddkéned and gas
contact as depleted in well correlated OTIG 2, OMG OTIG9andOTIG7wellsintheNorthwest-
Southwestdirection(Fig2).EightfaultslabelledF1, F2F4,F5,F6,F7andF8werealsomappedoutfromthe
faultinterpretationandhorizon mappingon the seissaiction (Fig. 3).

The Petrophysicallnterpretation of field was domesddl on the analysis. Two hydrocarbon bearing zdnasd B were
identified for the petrophysicalinterpretation wpsthe obtained petrophysical parameters in tablel.

Table 1:PetrophysicalParametersObtained

v v v v v v v v v v v v v v v

26.77 0.49 49.00  18.6980 018 238 04168 41.68 65 04163 4168  0.2214 2214 05832 11.00
49.13 0.82 82.00 149008 014 4076 03773 3.1 8 03713 uNnB 01 1194 0.6227 9.00
18.20 0.49 45.00 203033 0.20 21 01113 1.13 540 09606 96.06  0.2220 220 0.03% 200
53.59 0.17 17.00  13.0874 013 1567 01575 1575 18 06879 6879 00534 53 031 4.00
26.32 0.49 49.00  18.6664 018 2442 01097 10.97 63 0328 3218 0225 225 06712 12.00
3148 0.29 2900 13142 0.13 519 01584 15.84 15 04557 4557 0.1006 1006 0.5443 7.00
33.86 0.49 49.00  19.2461 019 73 01105 1105 309 0339 B9 024 2240 0.6461 12.00
4 0.17 1700 13.0874 013 5067 01575 1575 18 06879 6879 00534 334 03121 4.00,
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Fig. 2:Wellcorrelation panel showingthe mappedreservoirs.
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6.0  Seismic TimeStructural Maps

Timestructuralmapofhorizonswerecontoured. Theconeluesonthestructuremaprange

from2700mto3100mforkl Theeightfaultsonthemapexistonaprominentclosureatth
NorthEasternpartofthemapanddippingtowardsthewgstettiig.4).Also,Horizonkd
haseightfaultsonthemapandaprominentclosureexisézahtralpartofthemap.Thecontour values on thectsirel map range
from 2750 m to 3180 m. (Fig. 5).

Thecontour configurations areindicative of an diméd structurethat is favourable in trappingoilgad.

TimeStructuralMapof Horizongl showsthatthecontourvaluesonthestructuremaprange 2&00mto 3200mwith eight faults
andaprominent closure at thecentral part of thefhp.contour configuration is also indicative afanticlinal structure that
is favourablein trappingoilandgas.
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Fig. 4: Time structural map of horizon 1 Fig. 5: Time structural map of horizon 2
ThedepthstructuralmapofhorizonH  hascontourvaluesrangefrom2280mto2550m. T hereisaivariiadepthwithinthestudy
locationwhichisduetothestructuraldeformation. ThezeghtfaultsandwithprominentclosureattheNortheagi@tofthestudyar
eadipping towards theWestern direction and ideimigffour viable hydrocarbonwells (Fig. 6).
ThedepthstructuremapofhorizopHhascontourvaluesrangefrom2340mto2580m.Thereis iaticar in depth within the study
location due to the structural deformation that has
occurredinthearea.Eightfaultswithprominentclosutestasternandcentralpartofthe studyarea were dédite The area has
ananticlinal closure favourableto existence of bygdrbonreservoirs (Fig. 7).

The Depth structural map of horizorgHand Hy show the same trend and harboursufficient hydracaFourwells
weredelineated in eachcase.
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Fig.6:Depth surfacemapof horizon 1 Fig. 7:Depth surfacemap of horizon 2

Twotime surface attributes maps weregenerated. Taesaterval average and upper loopmaps. Theseearedout to
delineate new reservoirs that maybehiddenfrom strakt traps. Theupper loop area and intervalavemdeaction maps
forhorizonl and 2, and the OTIG 2, OTIG7, OTIG9 @G 11 wells in Fig. 8 — 11.

Theupper loop attributes map generated shows dbpighin and aroundthe fourwells which also coiesitb high amplitude
anomalygenerated from the interval averageextnactiaps forthe horizons,thereby validatingotherjtetations.
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Fig. 8:Interval AverageExtraction from Horizon 1 THorlzon 2.
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Fig. 10: UpperLoop Extraction Map ofHorizon 1 Fig.11: UpperLoop Extraction Map ofHorizon 2
SandAisthedeepestofthe hydrocarbonbearing sawdiissstentacrossthewellswithgross
thicknessvaryingfrom31.48mto77.47m.Theresistiviggoowsthatallthewellsareina
hydrocarbonbearingzone.lthasanettogrossratioof@itOTIG11andOTIG7and
0.1inOTIG2andOTIGY.Thisreservoirisalsocharactenizdthporosity valueof0.13and
watersaturationvaluesrangingfrom37.73%t068.79%thithighestvalueinOTIG11land
OTIG7andlowestvalueinOTIG2.Thehydrocarbonporevoliangesfrom4%to9%with highest in OTIG2.
SandBistheshallowestofthehydrocarbonbearingsasaldticonsistentacrossthewells
withgrossthicknessvaryingfrom18.20mto33.86m. Thstasiylogshowsthatallthewells are ina hydrocardmraring zone. It
has a net to gross ratio of 0.22 in all the wellkis reservoiris alsocharacterized with a porosityeranging from0.18
t00.20, with highest  value inOTIG11watersaturatmoesrangingfrom32.28%t096.06%withthehighestvaluein
OTIG11.Thehydrocarbonporevolumerangesfrom2%to128highestvalueinOTIG7 and OTIG 9.

7.0  Conclusion

Theformationevaluationandreservoircharacterizafioi¢éGWEfieldrevealedthatthetwo
majorlithologicalunitsintheareatobesandandshalenficinalstructurewasobservedon
thedepthmapintheNortheasternpartofthestudyareandjfmwardsthewesternpart.Eight faults labeled R4, 3, F3, F4, F5,
F6, F7 and F8 were continuous across the field. The
structuraldispositionofthefourhorizonsmappedcoupidtthegoodreservoirparameters obtainedfromthewell
greatlyfavourtheaccumulationofhydrocarbon.Theirdéaverage
andupperloopextractionfromthehorizonrevealedhigHaug®andbrightspotareasonand around the strubiigiits. Two
reservoirsA andB were mappedout. The petrophysiaffais gave porosity values of reservoir “A” ramgjifrom 31.48-
77.47% and reservoir “B” ranging from 18.20 - 33@@&cross the reservoir. The permeability valueseservoir “A”
ranging from 15-80md and reservoir “B” ranging fr&d8-540md. The Swvalues for the reservoir rangemfB7.73 —
41.68% in OTIG 2, 35.39 — 68.79% in OTIG 7, 32.285:57% in OTIG 9 and 68.79 — 96.06% in OTIG 11eTolume of
shaleranges from 17 - 82% across the reservoirddd 49% in reservoir “B”. The result of original @i place for all the
wells calculatedshowsthatOTIG2hasthehighestvaludy2{79,053.3mmbls.Inconclusion,the results of theisrsic
interpretation and petrophysicalanalysis show tirateservoirs under consideration havegoodprospect
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