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Highlights

9 Seismic, checlshot and well logglata arenalyzedor the reservoicharacterizatioandmodelingof iKOO
Fieldin Niger Delta.

1 Interpretationof the well logs is matchedo the seismic lines to ensutbkat there is gyood correlation
between them.

1 Three different seismic attributes are used to identify high ampliagiens and to perform a comprehensive
structural interpretation of the field.

1 A geological model representing the structural, stratigraphic, lithological, petrophysical features of the
reservoir is constructed and evaluated.
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Abstract

Modelling involves the use of statistical techniques or analogy data to infill theaiatevolume producing
images of the subsurfacéhe nt egr ati on of avail ablwasusedatb aentdy
hydrocarbon prospects army means of interpolation, populate the facies and petrophysical distribution :
the field to define the reservoir properties for regions with missing logging3iatseismic data, cheedhot

data, and aaies of well logsof four wells wereanalyzed and he analysis of the welbgs was performed
usingthe well dataThe synthetic seismogramroduced frormthe well tieswas used to map horizon slic
across the reservoir regioriSour horizons and5 faults includingone growth fault, four major faults, ar
other minor faults, all in the time domain were mapped. Attribute analysescarried out anda 3D static
modelcomprisedof the data from the isochore maps, faults, horizons, seismic attrjtarnidthe various logs
generatedvas built A stochastic methodias alsemployed in populating the facies and petrophysical moc
Two hydrocarborbearing sandgéservoirsS1 and S2) with depth values ranging froh729 to 1929 mvere

mapped The petrofysical analysis gave porosity values ranging from 0.18 to 0.24 across the resand
the permeability values rangdrom 2790 to 565ImD. The water saturatio(S,) of the reservoirdiad an

average value of 50% meservoirS1 and 47% imeservoirS2.The depth structure maps generated showe
anticlinal structuren the centerof the surfacesand the mapped faults with tfeur wells werelocatedin the

anticlinal structure. The reserve estimatetfar stock tank oil initially in place (STOIIP) die reservoirsvas
about 70 mmbbland hegas initiallyin place(GIIP) of the reservoirs rangdtbm 26714 to 63294 mmcf. Th
result of the petrophysical analysis revealed the presence of hydroedrbworable quantities the wells

while the model showed the distribution of these petrophysical parameters across the reservoirs.
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1. Introduction

Understanding reservoir characteristissa crucial factor in quantifying producible hydrocarbons
(Schlumberger, 1989). For reservolmaracterizationthe results obtained from the previous studies
such as regional geology, seismic imagiagd well datanalyses, are all combinebhe information
on the reservoir rockehaviorand the fluid in place obtained from reserwdiaracterizatiorstudies
must be sufficient to build a 3D geological model of the reservoir zone. This model is whieeelaih
and interpretation results are integrated into a consistent understanding of the reservoir

Cosentino (2001) emphasized the relevance of a sound geological model in the overall reliability of a
reservoir study, stating that the static description of therwveise both in terms of geometry and
petrophysical properties, is one of the main controlling factors in determining the field production
performance

The main objective of reservaiharacterizatiostudiessto identify the heterogeneities of the reservoir
rock. These heterogeneities are spatial geological variatiodéferent scaleswhich can modify the

fluid movement inside the reservolk seismic attribute is a measurement derived from seismic data
(Mickaeleet al., 2014). Seismic attributes are mathematical descriptions of the geometry/shape or other
characteristics of a seismic trace over specific time interaal$ theyrevealthe features and patterns

that otherwise could not be detected

Seismic &ributes have been increasingly used in both exploration and resgracacterizatiostudies

and routinely been integrated into the seismic interpretation processes (learyka 999)Further,

the analyses of the attribubé the seismic data cdost the quantity and quality of the data (Herrera
et al., 2006). These attributes enable interpreters to extract more information from the seismic data

The applications of attribute analyses include hydrocarbon play evaluation, prospect identifihtion a
risking, reservoicharacterizationwell planning and field development. There are different classes of
seismic attributes based upon the nature of estimatiothapdoperty of the reservair

This study integrates the seismic attribute analysespeittophysical interpretatiomvhich will help
delineate the subsurface structures thateverablefor the accumulation of hydrocarbon. A sequential
workflow is designed for seismic interpretation and attribute mapping to identify fracture, horizon
coninuity, stratigraphy, facies, and potentbspects. Thgeologic model willpresenta true image

of the reservoir within the subsurface and give an idea of how the petrophysical properties are
distributed spatially within the reservpiralsodetermires the interconnectivity of the reservoirs within

the field

The results othisresearch, which include the petrophysical characteristics of the reservoagénd
geologic modelare no doubt rich enough to be used to estimate the hydrocarbon qualggtantial
in the studiedarea.They will also help enhance our knowledgbouthow to construct a geological
model for future dynamimodelingas a tool for field performance monitoring

1.1.Aim and objectives

This study aims to identify potential hydrocarbon prospects whitiefining andvisualizing the
geological properties acrogke reservoirs present ithe fiKOO field, Niger Delta using seismic
attributes and a 3D static reservoir model
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The objectives of thigrork include:

1 identifyinganddelineatingootential reservoirs and hydrocarbon horizon useful for field
development anthelocation of best productive zones for future wells in the field

1 determiningwhich seismic attribute analyssapplicable tahe KO field;

1 estimatingpetrophysical parameters such as porogigymeability, neto-gross and
hydrocarbon saturation tiiereservoirs in the field

1 determininghe fluid types and contacts in the reservoirs;

1 estimating the pore volume of thgdrocarbon of the reservoirs

1.2.Location and geology of the study area

The KO field is located within the Niger Delta province as shown in Figure 1. It is a shallow offshore
field located in Bayelsatate Nigerig lying at alatitude of 04° 848.606 anda longitude of 05%8'
40523'. The name given to this field and the well headers are fictitious and onlyirvitid work.

Figure 1
The locatiorand base map of the study area.

The Niger Delta region is situated in the Gulf of Guiagealongitudeof 5°E to 8°E ane latitude of

4°N to 6°N. The onshore portion of the Niger Delta Province is delineated by the geology of southern
Nigeria and southwestern Cameroon. The northern boundary is the Beninaffapkdtnortheast
trending hinge linen the south of the West Africa basent massif. The northeastern boundary is
defined by outcrops of the Cretaceous on the Abakaliki High and furthlee east southeast by the
Calabar flanka hinge line bordering the adjacent Precambrian. The offshore boundary of the province
is definedby the Cameroon volcanic line to the east, the eastern boundary of the Ddbasitgyhe
easterAmost West African transforffault passive margin) to the west, and the-kiometersediment
thickness contour or the 406&eter bathymetric contour in areas whtesediment thickness is greater

than twokilometersto the south and southwest (Tuttle et al., 1999)
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The Niger DeltaBasinwas formedn the site of a triplgoint junction related to the opening of the
southernAtlantic starting in the Late Jurassic and continuing into the Cretaceous. The delta proper
began developing in the Eoceltds one of the largest deltas in the world with an area of approximately
300,000km?, a sediment volume of 500,000n3, and a sedanent thickness of over m in the basin
depacenter. The province covers 300,062 and includes the geologic extent of the Tertiary Niger
Delta (Akatd Agbada)petroleum syster{iTuttle et al., 1999)The Niger Deltgrovincecontains only

one identifiedpetroleum system which is referred to as the Tertiary Niger Delta (Akgbmda)
petroleum system

Threemajor lithostratigraphi¢ormations are recognized in the Niger Delta: the Benin, Aghauth

Akata formatios. The Agbaddormationwhichisthema j or o | producing for mat
Complex Basin, is characterized by paralic interbedded sandstone and shale with a thickness of over
3000m (Reijers 1996).These paralic clastics are the truly deltaic portion of the sequence and were
depodted in a few deltdront, deltatopset, and fluviadeltaicenvironments. Songhales of the Agbada
formationwere thought to be the source rockewever Ejedawe et al. (1984) deduced that the main

source rocks of the Niger Delta are the shales of tregafrmation As with the marine shales, the

paralic sequence is present in all depobelts and ranges in agidéBotene tdhe Pleistocene

2. Materials and methodology

The materials used for this study include

9 A 3D seismicdata se{SEGY);

A well header;

A seriesof well logs for the four wells (KO 1, KO 2, KO 3, KO;4)
Well deviation datdASCII);

Checkshotdata;

Petrel 2015oftware.

=A =4 -4 4 =4

Figure 2 illustrates the workflow of this researafhich was carried using Petrel softwafée quality
checkof the given data is carried out, which involves checking seismic and well log data, viewing the
data format, survey geometgnd making sure they are all from the same field. After the quality and
guantity of thedata setire found to be satisfactory fdretobjective of thestudy,the dataare imported

into the software for interpretation

The SEGY seismic data set used for this study was imported into-dafserd folder. The well data
are loaded into Petrel by first creating a well folder and impottiegwell header which allows the
display of well position on the base map. The well header in the ASCII format contains information on

9 the well name;

91 unique well identifier;

I surface X and surface Y;

1 Kelly bushing (well datum value);
9 total depth (measuredepth).

The well logs (LAS format), the well deviation (ASCII format), and the clebuk data on each well
are imported into the well folder

The method adopted to achieve the highlighted objectives includes the delineation of lithologies and
the identifcation of the reservoirs from the signatures of gamayalogs and resistivity logs. Table 1
lists the available composite logs used in this study. For this research, three tracks named track I, track
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II, and track Il are used in presenting the well [dgack | is a linear scale with 10 standard divisions

of 0.25 inch and is a 0.75 inch span (on which the depth is printed) containing the-gamogs on

a scale in the range of D50 gAPI increasing from left to right. Track Il, on the other hand, is a
logarithmic scale having fowaycle samples containing the induction log in a scale range of 0.2 to 2000

gm. Track 111 is a sporbsityog (@PHI) dndthe demkity tog (RHOBE The e ut r o
scale of the density log ranges from 1.65 to @53, while the neutreporosity is reversed in a scale

range of 0 to 60 m3

. Well log
Qlﬁ;itty %2?&50? —> Data importation |—>| interpretation and
q y correlation

\

Fault picking —>| Attributes generation——>| Seismic to well tie

\

Generation of maps
Mapping of horizons}|—> (time and depth |—>| Reservoir modelling
map3

Figure 2
Integrated workflow ofhereservoircharacterizationf the KO field.
Table 1
The logsutilized in this study.

1 KO 2 KO 3 K

N

Name K

Deviation survey
Caliper
Sonic

Neutron
Density
Resistivity
Check-shot

Key
A Available
X Not available

I To Do Bo Po Do o I»| O

(@]
A
A
A
Gamma ray A
A
A
A
X

X Do o Do o X Do o
X o o Do Do o Do Do

The petrophysical parameters evaluated in this study include volume of shale, ppevsiability,
hydrocarbon saturatipand water saturation

2.1.Volume of shale Vsn)

Gamma ray log is used to estim#tevolume of shale. The relationship betwdle@ magnitude of the
gamma ray andhe shale content may be linear or nonlinear. Tihear gamma rdyclay volume
relationship is useberein:
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w O Q)
wherelgris thegamma ray index defined:as
‘O 0y OY 710OY oY 2

whereGRy is log reading at the depth of interéSRean represents the gamma ray value in a nearby
clean zone, an@RsnaeStands for the gamma ray value in a nearby shaldescribes a linear response
to theshaliness otheclay content

2.2. Porosity (t)

Porosity is the ratio adhepore space in the negservoir rockit is therefore a key factan quantifying
oil and gas reserves.it often representelly « and controlled byhe grain size distribution, packing,
andthe subsequent alteration (e.g. diagenesis)

The porosityof the field is estimatedsingthe density lodased oithe concept of Wylli¢ime average
equation

”

G4 6p % " "o €)

which can be rewritten as

o/ ” C’x d') ” (I) (4)
00 ” d d’) ” "Q

wheret is porosity as derived densjty m eepresents thdensity ofthe matrix (g/cni), } ks bulk
density as derived frothelog, } &tands for thelensity ofthefluid (} £ 1.0g/cn? for thefresh water
muds) and} fndicates thelensity ofthefluid (} £ 1.0g/cn? for thefresh water muds)

2.3. Permeability K)

This is a measure of the capacity of a rock pore system to transmit fluid. It is usually detéymireed
porosity logs and sometimes the com@sobvious control on permeability is porosity. The larger the
poresare the broader the pathways for fluidw are Permeability, unlike the porosity, is a dynamic
propertyandmusteitherbe measured dynamically beinferred

The method oWyllie and Rose (1950) fothe computation of permeability utilizes the following
equations:

U ¢unmnT3xEOO (medium gravity oil) ©)

VO X IT3XEOO (dry gas) (6)

whereK is permeability in millidarcies representporosity, Swirr indicates thavater saturation of a
zone at irreducible water saturati@wirr can becalculatedusing thebelowequation

YONQI I 'Ognmm @)

whereF denotes théormation factorand is expressed in:
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"0 G %ol (8)

wherea represents thrtuosity factomndmis thecementation factom andm are constantequal to
0.62 and 2.15 respectively

The permeabilityof the formation derived fronthe wireline logs is restricted to hydrocarbon bearing
zones onlyThe correlation function used ftne estimationof the permeability wageneratedy the
least square metha@sshown below

The crossplot of the permeabilit versus the total porositPERMFversusPHIT) is defined as:

O voga&arwd X W@V 9)

2.4. Saturation

Water saturationfS,) is estimatedy the total porosity and the resistivity log (Archie, 1942). It is the
volume of water contained in the porelume of the rock. The remainder of the pore volume is, by
definition, occupied by hydrocarbons. Water saturation is controlled by grain size and comyarsition
smallerpores can more strongly bind water to them. In addition, clays can also bindtiuagerocks
that arerich in clay and have small pores have high water saturafioa.ocks that argoor inclay

and have large pores have the potential to have high hydrocarbon saturation.

YO Y ¥ 00 O%° (Archie, 1942) (10

wherelLD is thetrue resistivity of the formatigrandR, denotes thavater resistivity

The hydrocarbon saturation is the volumettu pore space occupied by hydrocarbons and can be
calculated ap Y.

Seismic to well tie is done to matthe events on well log to the specific seismic reflections. To
enhance the display of the structural featurestlambydrocarbon potential of the fielthe analysis of

the seismic attributess carried out using one surface attribute and two volume attsibieh are

cosire of phase, amplitude, and variance method. Fault mapppegfirmedon the vertical seismic

display across the whole seismic volume. Horizons are maapttrackedand converted to surfaces

to obtain the time structure maps. The time structure maps are converted to depth structure maps using
the checkshot data provided

Reservoimodelingis divided into static modeling (geological modeling) and dynamic modelimg (f
simulation) In this study, we onlyakethe static reservoir modeisto accountA staticmodel, also
referred to as a geological modshows the heterogeneity of a formatidghat is, the porosity
distribution, permeability distributiorandthe fecies distribution. It is important to note that the static
model does ngbrovidethe flow pattern of the fluid in the subsurface

Building a static reservoir model involves the integration of various static datadatingthewell
data containing theorosity logs (density, neutrpand sonic logs)the permeability logs (from the
porosity log), thefacies cutoff (based dhelithologies presenth the gammaay),and thenetto-gross
ratio (N/G) and saturation (from the resistivity and porositys), then,the logs are upscaled and used
to populate facies and petrophysical variations in the.frelgatic model can be grouped mainly into
the structural model, stratigraphic mad®id lithological/property model

Structural modeling consist# defining the shapehe volume andthe structural complexity of the
studied domainThe primarycomponents are the major horizons #refaults recognized from seismic
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picking and timeto-depth conversion (Mickaelet al., 2014). They contribute to thketeton of the
geological gridthe isochore maps, seismic horizons, faaliglseismic attributes are used in building
the skeleton of the geological grid

Under the lithological/property modeling, we consider the facies and petrophysical moeldicies

model is useful in the estimation of sediments and understanding of the sedimentary environment. The
facies model is computed using the upscaled well logs. The fagiaadnetto-grossratio are used to
provideuseful informatiorfor characterizingttefacies

When the well logs are upscaled, they can be used in deterministic and stochemstiling
Deterministic techniques are typically used when denseadegaailable that is,many wellsandwell

and seismidata If no logs are available, deterministic methods cannot be aisddnly unconditional
stochastic methods and interactive dravdngapplicableStochastic techniques are oftgpliedunder

the conditions where sparse da@present. These methodoguce a possible result and can be used
to produce multiple equally probable realizations

Because of the sparse well data, the sequentislator simulationwhich is a stochastic technigls
usedin this study

The petrophysicamodel rest solely onthe use of well data for reservaiharacterizationThe well
data also consist of logsd showthe porosity, permeabilifyand water saturation distribution across
the reservoir. The Gaussian random function simulaostgqchastic methody used to gnerate a
modelof each property using the upscaled well logs comployatie petrophysical evaluation

Finally, the hydrocarbon pore volume éstimated and the wlumesare calculated in thevolume
calculationprocess step using Petsbftware; hey areestimated within zones and segments. The
contacts defined are usedthsinput to thevolume calculatiomprocess

Formulas utilized by Petrel software for volume computationex@seessed hy

0Q066 Qa6 AEO (12)
D0E1 DQBEAOWET €1 QO (12
06 0 wéD £ 10@ & 0 dYE (13
060 0@ & 10R & 6 6YQ (14)
YUYO O'GD6 O dEE 06 O @EAQ YO (15)
"0'0'0006 O @AQ 06 0 WEE  Yi (16)
YQomé 0 QF BEANYD 00 © "0¢ (17)
YQ0Eé U QNGIOO®QON Qo 0Q (18)

where Bo represents oiformation volume factqrBg is gas formation volume factpRs indicates

solution gasto-oil ratio, Rv denotes &porizedoil-to-gas ratiop RecFois adl recovery factoy RecFg

represents @ recovery factoiGIIP stands for gas initiallyn place, andHCPV is hydrocarbon pore
volume.
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3. Results and discussion

3.1. Lithology delineation and well correlation

The generastratigraphy of the four wells in the KO field shows an alternating sequence of sand and
shale layers. Nine reservoirs were delineated and correlated across the foof K@ll§, KO 2, KO
3,andKO 4 in the KO field based on the motif of the ganmanglog. However, this project focused on

the characterizatiowof reservoirsS1 and S2

ReservoirS1 ranges frona depthof 3495m to a depth o8616 m. At this level, well KO 3 has no
resistivity readingsoit can bestated that it is saturateither with vater orwith hydrocarbos. Wells
KO 1 and KO 2 appear to be saturated with gasand water as seen from tti®ssplot of theneutron
log versus thelensity logwhile well KO 4 is saturated with ail

ReservoirS2ranges fronadepthof 3728mto a depth 08901m. At thislevel, wellKO 3 is saturated
with gas while wellsKO 1 and KO 2 appear to be saturated with gasand water similar to reservoir
S1 Well KO 4 can be considere¢a bewet or completely saturated with water

3.2. Well loginterpretation

The nterpretatiorof the well logswas carried out using the gammagy logs for lithology delineation
and thedeep induction logito determine thdluid type based othe crosslot of theresistivity and
neutrondensity for fluid contactThe gammaay log motif trendwas separated into sand and shale
units based on their API unit readings. A cutoff was set &tP10a reading largethan 70API indicats
theshale while a readindowerthan 70API den@ssand.The intercalatiorof thesand and shale usit
was therefore spotted across all the wells with similar log signatineshale unit appeared to be
laterally extensivewhile the sand unit had appreciable thickness across the wells. The gayiog
motif trend was also applied reservoirS2 so ago interpret its environment of deposition (EOD). It
was observed that there was an increase in the gammasponsewhich depicts a fining upward
sequence with a sharp base alongrefour wells. This suggests that resern®fis becomingich in
clay upwards and may be interpreted as a fluvial, tidal channel

The hydrocarbotbearing sands were identified withe aid of the deep induction log and gamrag,
andsands withe high resistivity response were picked out as resesvicrossplot of the neutrothog
versus thedensity log revealed that the reservoirs were saturated with gasarall water showing
where each of them terminates

3.3. Well correlation

Correlation exercise was carried out witthie givenwells of the field tqorovidea better understanding
about the geology of the area anddentify the horizontal sand packages that were deposited at the
same time within the field. The wells were correlated alonghtrthwesi southeast direction. From

the correlation section shown in Figuse it is concludedthat the shale layers thin out along the
northwest southeast direction

Four well tops were created in the stratigraphy folder: S1 TOP, S1 BASE, S2 TOP, and S2 BASE.
These well tops were later usidgenerate isochore points and then isochore thickness maps using the

isochore interpolation method. These isochore maps were used in the stratigraphy modeling of the
reservoirs
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Figure 3

The lithologicalcorrelation section of KO field frothe northwest southeast direction

3.4. Petrophysical analysis

In this study, reservarS1 and S@%ereevaluatedn terms ofthickness, volume of shale, porosigt
to-gross ratio permeability, water saturatipand hydrocarbon saturatiothe resuk are presented in
Table 2 andFigure 4depictsthe relationship between the permeability #metotal porosity used for
the permeability estimatian

Table 2

Summary of petrophysical evaluatiofireservois S1 and S2n KO wells.

Reservoir

Well Reservoir Top depth  Bottom thickness  PHIE PERM N/G Hydroca_rbon
Name (m) depth (m) (m) (mD) saturation

S1 3556 3606 50 0.24 5651 0.92 0.60
KO 1

S2 3750 3847 97 0.21 4159 0.94 0.71

S1 3537 3658 121 0.21 4804 0.89 0.39
KO 2

S2 3799 3901 102 0.20 3821 0.92 0.32

S1 3580 3630 50 0.20 3775 0.89 N/A
KO 3

S2 3764 3870 106 0.18 2790 0.91 0.57

S1 3559 3612 53 0.20 3542 0.95 0.51
KO 4

S2 3840 3924 84 0.20 3633 0.94 0.07
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Figure 4
The croslot of the permeabilityversus theotal porosity.

The thicknes®f reservoirS1ranges fronb0 to121m with a good porosity and permeability value of
20%i 24% and 35425651 mD respectively. The water saturation ¢4051%) within this zone reflects
a good hydrocarbon accumulation within the reservoir aret#-grossratioranging from 896 95%

The thickness afeservoirS2ranges from 840 106 m with a good porosity and permeability value of
18%i 21% and 27904159 mD respectively. Thenetto-grossratio ranges from 9%i 94% similar to
reservoirS1, while the water sattation (2%6i 68%) within this zone reflects a good hydrocarbon
accumulation within the reservoir except at well KO 4 whicbeen to be wet with water saturation
valueof 93%

3.5. Seismic to well tie

Following the creation of well tops in the resenzone, gismic to well tie wagarried out using the
checkshot datdor well KO 4, the despiked sonic log (generated from the sonic log), and the density

log.
The seismic to well tie involves two main processesic calibration and the synthetic genenati

The soniccalibration was carriedut using the checkhot and despiked sonic lofjwell KO 4, setting

the datum ashe marine datum since the seismic datare acquired swallow offshore. The sonic
calibration track displays the knee potheresidual driftthecalibrated sonicdhesonic logthe quality
controlinterval velocity,theinput interval velocitytheinput average velocitygndthe input two-way
traveltime (TWT) picked. Further editing was carried on the knee pamd the cabratedtimer depth
relationship (TDR generated in the sonic calibration was used for the synthetic generation alongside a
deterministic waveleih thezerophase. At the zerphase wavelet, the maximum amplitude coincides
with the spike of the reflectpand the pattern of the wavelet becomes symmetrical

The synthetic generation displays the input log (density thg)reflection coefficienbg (RClog), the
left seismic referencethe synthetic seismogranthe right seismic referenceand thewavelet as
illustratedin Figureb.
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Figure 5

Synthetic seismogram generated from well KO 4.

From the seismito well tie, we inferredthat the seismiseismogram well matched tegntheticone
The peak of the seism@zismograngred) correlates with thpeak of the synthetic seismogram (red)
while the trough of the seismiseismograniblue) relates tathe trough of the synthetic seismogram
(blue). The well tops fall directly on a particular event to be interpreted

3.6. Structural interpretation

The variance (edge method) ahdcosine ofthephase seismic volume atitk surface attributes were
respectivelyused forthe structural mapping. The 3D time slice of the variance revealed that the field
wasfaulted while the faults were picked on thdinesat an interval of 1@n using the cosine of phase
seismic attributes as seen in Figure 6. Fifteen fault sticks were mapped across the seismic gection. It
seen inthe fault framework that the wells are located within some of the interpreted fabith
suggest that the fault sengas a trap to prevettiefurther migration of hydrocarbon within the field.
Normal faults, antithetic fault@nd growth faul were identified within the fieldwhich is typical of

Niger Delta. The faults were laball&T1to FT15 and ran in thevest eastdirection

A total of four horizons were mapped on the interpretation window of the inline and crossline using an
interval of 10 m, two for each reservoir (the top and the base). The horizons were mapped based on the
reflection point where the well tops fall on the seismic section. Most of the well tops fell in between a
peak and a trough; thus, a zeressing signal feature was used for mapping alongside a seeded 2D
autotracking tool for places with clear reflect®and a manual interpretation tool for areas with chaotic
reflections

Mapping of horizons further revealed some of the structures on the section; structures such as a
collapsed crest and rollover anticline (seen in Figure 7) were identified gedhen, which is also
very typical of the Niger Delta Agbada formation
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Figure 6
Fault picking ortheinterpretation window using the variance and cosine of phase attributes.
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Figure 7

Horizon mapping across inline 5727.

3.7. Time to depth conversion

Faults and surface maps (generated from the horizons) which wbesTMWT needed to be converted
to true vertical depth (TVD) so that a proper depth estimation couldnteede This conversion was
performedby generating aelation between thdepthandtime plotting the cheekhot data(depth
against timepnwell KO 4. The Petresoftwarefunction window (Figure 8) was used to plot the graph
and generate a suitable equatithiis equation wathenused to convert each of the faults and surface
maps to dejn by employing the lookup function and calculator
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Figure 8
The relationship between thegthandtime generated using cheshkot dataon well KO 4.

The relationship between the depth and t{@eersus TWT picked) generatém the least square
methodis given by:

W CCHCTTHPOPP MBI MNP @ T (19

4. Generationof structural maps

The structural time map was generated for reses@&firand S2 (Figures 9 and 10 respectively) from

the seismic horizon using the convergent interpolation method. Both reservoir maps were observed to
have an anticlinal structure whi¢avorsthe accumulation and retention of hydrocarbon provttiad

thereis a seal
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Figure 9

The ime structural mapf the top ofreservoir S1.
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Figure 10
The ime structural mapf the top ofreservoir S2.

The time map of reservoir S1 shows an elevation legend with the aalogadicating the shallowest
part of the reservaiwhile the purplecolor denotingthe deepest part of the reservoir. The contoured
time value ranges fro@700to 3420ms.

Similarly, the time map of reservoir $lisplaysan elevation legend with the orangagor indicating
the shallowest part of the reseryairile the purplecolor denotingthe deepest part of the reservoir.
The contoured time value ranges from 2760 to 3850

According to the depth maps seen in Figures 11 and 12, thereowmdsagreemenbetween the
structural time maps and the structural depth maps, indicating that the depth time equation used for
converting the time map wasitable Thedepth of theeservoirsvaswithin acontourof 3330to 4350

m. The structural depth maps alsdan anticlinal structure with the major faults oriented in the same
direction as that of the major faults on the time maps. The structural depthhathfsultassisted
closure; these faults act as a seal to prethexfurther migration of hydrocarbaen
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Figure 11

The depttstructural mamwf the top ofreservoir S1.
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Figure 12
The depttstructural mamwf the top ofreservoir S2.

4.1 Attributes analyses

In order to confirm the presence of hydrocarbon in the identified structures and to identify stratigraphic
traps which are not shown on the depth structure maps, attributes analyses were carried out (Abe and
Olowokere, 2013)Root mean square (RMS) amplitude attributes computed for the horizon tops
revealed high amplitude areas as seen in FglBeand 14. Low amplitude areas were also spotted
around well KO 4 through the RMS amplitude time slica Atvalue ofi 3084.00 (Figure 15) close to

the top of resrvoir S2, affirming the wettesareaspottedin the resistivity log and thaigh-water
saturatiorcalculated bythe petrophysical evaluation
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Figure 13
TheRMS amplitude mapf reservoir S1.

Figure 14
The RMS amplitude mapf reservoir S2.



