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Abstract Suites of wire-line logs fom seven(7) wells were relevant datadeperds on its quality. Optimizing reservoir
integratedwith 3D seismic datén order to characterizeservoir managemenand field developmemnequires a model capabid
D_7 and estimate its hydrocarbon volum&stailed seismic realistically predicting thelynamic behaviour in terms of fluid
interpretation wasarried outto determine geologic structures recovery and production rate fdifferent operating conditions.
Seismieto-well tie was done using previously generatedReservoirmodelingand characterizatiofocuseson integrating
synthetic seismogram, and thigs used to pick theeservoir all available geologic data anslibsequeninterpretation that
horizors; time and depth structural mapwere subsequently would aid inunravelingthe nature osubsurface environmemnt
generated. Geostatisticalodels were builusing theSequential Geogatic modés are very useful in estimating reservoir
Indicator Simulationand Sequential Gaussian Simulatiarhich  propertiesand are alsorequred as input to reservoir simulation
resulted in improved distribution of reservoir properties withiprograms which predict the movement ffiids within the
the geolgic cells. Statistical analysis of Porosity,Water reservoirunder various hydrocarbastenarioslit is essential to
saturation and\etto-gross models foithe reservoirrevealed model the reservoir as accurately as possible in order to calculate
porosity values rangng from 18% to 27%, average waterthe reserves and to determai the most effective way of
saturation of 45% and meaNlletto-gross value of 70%. recoveringthe hydrocarbon asconomically as possible (Lucia
Furthermore, thestructural modelshowed a fault assisted and Fogg, 1990;Worthington, 1991;Haldersen and Dasleth,
closure. Finally, volumetric estimationrevealeda STOIIP of 1993).
84Msth The results of this study has shown good hydrocarbofhis study focuses omtegratingwell log and seismiaata to
potential of reservoiD_7. effectively characterize the D_7 eggoir and estimate its
hydrocarbon volumes.
Index Terms Geostatistical, HydrocarbpReservoir, Seismic. ~ Geology of Study Area
| INTRODUCTION The study area falls within the Niger Delta Basin. TReger

Delta Basin is a prograding depositional complex located in

Reservoir modelings animportanttool which aidsin plannin . . . .
vol ngs animp i asinp n9 Southern Nigeria. It is bounded in the West by the Benin flank;

and development - ofdepletion sitegies for hydrocarbon the subsurface continuation of the West Africa shield, in the East

reservoirs However, it isoften associated with uncertainties thahy Calabar flank: the subsurface continuation of the i

| i iption of th i
may lead to inadequate description of the reservoir and -\ by Abakaliki and the pe&bakaliki (Anambra

basin); and to the South by the Atlantic Ocean (Murat, 1972).
sets will help in providing subsurface images that will ai . . . .
P P 9 9 %ue to subsidence and deposition, a succession of transgressive

eological interpretation and ultimately reduce uncertainties . .
9 g P y and regressive sequence advanced seett of the Niger Delta

prediction offield performancelntegrating seismic and well data

Oluwadareet.al, 2017). Moreover successfulintegration of . . . .
( ) ' g Basin (Oomkens, 1974) which resulted in the deposition of
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between 9,000m to 12,000nthick transgressive/regressivePetrophysical Evaluation

sequences similar to the Gulf Coast Tertiary section in the Unite€dlume of Shale The volume of shale within the reservoir was
States of America (Curtis, 1970). Detailed information about thdetermined from the gamma ray log by first calculating the
origin, gemorphology, tectonic setting, structural patterngamma ray index using the equation below:

stratigraphy and depositional environment of the Niger Deligr 888888888888B8UNOAPET T

Basin has been provided by various authors (Reijers, 2011; , i
Where IGR = gamma ray index, GR = gamma ray reading of
Lehner and DdRuiter, 1977; Kulke, 1995; Doust and Omatsola, ] o

the formation, GRin = minimum gamma ray (clean sand),
1990; Stacher, 1995; Mielle et al., 1999; Damuth, 1994,

GRuax= maximum gamma ray (shale). The gamma ray index
Mascleet al.,1973; Short and Stauble, 1967).

. METHODOLOGY ) )
tertiary rock equation

Seismic (3D cube) and welfheaders, deviation, logs, and L o .
Vshale TBTYPDO 1N € B0z OOY p éeéé Equation2

was then used tcalculate thesolume of shale using the Laov

checkshot) data sets from seven (7) weliss used for this ) o )
) ) Porosity: The total porosity gives the ratio of pore volume to the
research study. They were interpreted andyaed using the

] _total volume of the reservoir. It was evaluatesingWy | | i e 6
Petrel softwareA detailed research methodology workflow is ]
o equation.
shown in Fig.1. e e A
. . n ? B " 8888888 %WNOAOEI |
Data Quality checkand Importation
Where” is thematrix density " is formation bulk density

The data sets werguality checked to ensure they were in the _ _ _
right format and theimported into thePetrelsoftware platform and” s fluid density.
(Table 1) Effective Porosity: This was obtained using the equation below;

Well Log Interpretation and Correlation " " p w BBBBBLES %WNOAOEI |

The lithology was delineatedsing thegamma ray logwhich ~Wheren s effective porosityy is total porosity ando is
ranges from 0 API to 150 API. The shale formations have higielume of shale

radioactive contents, thus deflecting to the right of the baselif®ater Saturaton: ~ Thi s was esti mated
While the sandormationsdeflect to the left of the baselinEhe ~ €quation;

reservoirwasalsocorrelated across seven (7) wells Y Y 700 '0O%08 € é é é éé . Equations

Seismic Interpretation Where, S = water saturation, \R= water resistivity and ILD=

Prominent geologic structures such as faults were identifigdie resistivity

across the seismic sectioGeological fault interpretation was Permeability: This refers to the movement of fluid within the

doneon bothinline and cross lire The check shot data was usednterconnected pore spaces and was obtained using the eguation

to generatea synthetic seismograrfor well-to-seismictie (Fig. . n e e A
0 Cqum-— 8888888 w%WNOAGQEI I

3). The synthetic seismograrfurther aided inpicking the top YU

horizon of D_7 reservoir omoth inline and cross lire The Where,K = permeability » = porosityand™Y0 = irreducible

mappedhorizonwas therusedto generate a structural time map water saturation.

Two-Way Time(TWT) was plotted againstrue Vertical Depth Geostatic Reservoir Modeling

(TVD) usinga polynomialfunctionof second ordefFig. 2). The Reservoir modeling workflow proceeds in stag@sch consist

equationgeneratedwas subsequentlyused to build a velocity of structural modeling,facies modetig and petrophysical

modelfor convertingthe time structural map to depth structuramodelirg.

map.
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Table 1: Data file type andtheir formats

No. | DATA DATA CATEGORY DATA FORMAT (FILE TYPE)

1 Well Well headers Well heads (**)
Well paths/deviations Well path/deviation (ASCII) (**)
Well logs Well log (ASCII) (**)
Checkshot Checkshot (ASCII}**)

2 Well tops Well tops (ASCII) (**)

3 3D Seismic Horizon Seismic data in (SEGY)

( wml LOG m\u\> Q\l ISMIC I)AIA )
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Fig. 1: Research Methodology Workflow
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Fig. 3: Well-to-seismictie of reservoir D_7
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Structural Modeling relationships andthis was used to populatethe
This is the first step in building geostaticmodel. Structural geocellular model of the ¥ reservoir.
modeling comprisesof fault modelirg, pillar gridding, and A Petrophysical Modelling The purpose gbetrophysical
layering. modeling is to distributproperties between the wells so
A Fault Modeling: This involves the definition of faults in thatit realistically preserves the reservoir heterogeneity
the geological model that form the basis for generation and matches the well daféhis comprises of porosity
of the 3D grid. netto-gross, volume of shale and water saturation
A Pillar Gridding: Gridding involves creatin of gridded models.
surface from seismic interpretation, structh maps Reservoir Volumetric Estimation
and faults. This was done usintpe equation below;
A Layering: This involves building stratigraphic horizons,v vy ‘00 " 88a888 0on 6 GKQE ¢

zones, and layerinto the 3D grid For this study,
Where;

horizonswere defined using seismic surfaces as input )
o _ . 7758= Area constant in acres/ft.
data. Zonation is the process of creating the different
A = Areaof payzone,
zones from theurfaces. )
h = Pay thickness,
Up scaling of Well Logs i
o _ . _ Sy = water saturation,
This is the processf grid coarsening enabled loglculation of
_ ) _ _ _ _ - N/G = Net-to-gross
effective flow properties using analytical (arithmetic, geometric ) _
_ _ _ _ ) Bo = Oil formationvolumefactor
harmonic aveages) and numerical simulatioithe properties )
@ = porosity

I1l.  RESULTS AND DISCUSSIONS
water saturation, ndb-gross, and facies typ@hese properties )
Reservoir Geology

included in the scalap procesdor this studywere porosity,

were scaled up using arithmetic averaging. 8atjal indicator .
D_7 reservoir was correlated across the seven (7) wells (25, 3,

simulation andsequential Gaussian simulationreemployed to . L
60, 65, 2, 58 and 35 respectively) along the dip direction (SE)

estimate values for cells between wells . . . .
(Fig. 4). This was done using both gamma ray and resistivity

Property Modelin
pery ng logs. Hydrocarbon bearing intervalsé fluid type (oil, gas or

This is the process of assigningetrophysical propertie® grid ) . ) L .
water) wereidentified usingresistivity, neutron and density logs.

cells The layer geometry given to the grid during Iayering‘_he correlation panel showed the sands thinning with

follows the stratigraphyof the model area. These proses are i i ) .
presence of shale intercalations towards ttedirection. This is

therefore dependent on the geometry of the existing grid. When o ) )
probably an indication of shorefa sands prograding into

interpolating between data points, Petrel software propagates | - . . .
marine; a characteristic afeltaic environments (Fig. 5 and. 6)

roperty values along the grithyers. Property modeling
Property g griay pery ® Reservoirtops and bases were delineatsihg GR, neutron and

density logqTable2).

i ) _ o ~ Structural Interpretation
A Facies Modeling This is a means of distributing ) )
_ _ _ _ From the study it was revealed that tieservoir las arollover
discrete facies throughout the model grid. In this study, = .
anticlinestructurewith dip closure to th&astandWestbounded
facie modeling was done using the sequential indicator
by growth faults to theNorth and North-west located on the

divided into two separate processésiciesand Petrophysical

Modeling

simulation algorithm. Two majdiacies typeshale and . . ,
footwall of the major growth fat. The regional growth fault is

sand)were defined on the basis of reservoir property . . .
an elongate Eastest trending falt that assistethe reservoiin

trappinghydrocarbon
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Table 2 Tops, Bases, Contacts and Petrophysical Information of Reservoir D_7

Wells | Top [ Bottom | OWC Thickness (ft) | Pay Thickness (ft) | NTG 1] Sw
(ft.) | (ft) (ft)
Well | 7579| 7746 167 0.82 0.21 0.99
25
Well | 7570| 7700 130 0.47 0.15 0.79
03
Well 7628 7724 96 0.64 0.21 0.99
60
Well | 7313| 7365 7326 52 13 0.65 0.21 0.66
65
Well | 7382| 7460 7406 78 24 0.38 0.13 0.54
02
Well 7270 7331 7329 61 59 0.53 0.18 0.38
58
Well | 7308| 7373 7378 65 70 0.39 0.16 0.42
35
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ZL50ED
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Fig. 4 Base map showing crosgction of the correlated wells
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Fig. 6. Correlated well section (wells 65, 2, 58 and 35) showing top and base of reservoir
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A major fault trending NW-SE was identified with several The Netto-Gross Model

syntheticfaults (Fig. 7). The closure within this reservowas The net paywasdeduced from the net to gross distributidhe
observed to bdault assistedand serves as a seareventing netto-grossmodeldepicts highest net to gross ratio of #8296,
further migration othe hydrocarbor(Fig. 8and9). andlowest net to gross value of 25%45%. Due to thepoor net
Stratigraphic Interpretation and Depositioral Environment to-gross ratioof thereservoir in well 25 and 60production may
The well logs and facie modelshowed gpredominantly deltaic not be economical enough. Howevarells 35, 2, 58may be
(paralic facieskomprising ofshordace barrier bar and channel good producing wdk due to high neto-gross ratiogFig. 14)
sand depicted bya coarseningipwardgamma rayog signature  This only gives an idea about the producing capabilities of the
This was further corroborated Wgteral continuity of thesand wells penetrating the reservoirSinal decisionsshould not be
package; typical of shorefacédeposits. The facies model based on this alone.

indicatesabundance ofhoreface sand deposits in theuth  Fluid Contact and Volumetric Estimation

easternpart of the reservoifFig. 10) The gammaray log also The hydrocarbon contact was delineated from the well logs
showsthatthe sangackags are thicker in the west and thimst (gamma, resistivity and densiheutron). The densigeutron
eastward which is suggestive ofshelf to slope depositional log revealed OHwater contact QWC), no Gasoil contact was
environment. The shale distribution on the model suggests thatl@sserved since the logs showed tlia¢ reservoir is an oll
large scale flooding occurred during transgression reservoir withno gasWells 65, 02, 58, and 3badfluid contacs
Reservoir Thicknes at 7326ft, 7406ft, 7329ft, and 7378ft respectivélpwever, fuid
Reservoir D_7 waslelineated in well 25 at depth interval of contactsin wells 25, 03, and 60 could not beffectively
(75797746ft), well 03 at (7570F700) well 60 at (7628 724ft), determinedbecause the resistivity logs were not availablend
well 65 at (73137365ft), well 02 at (73872460ft), well 58 at the densityneutron logs hd poor signalsHydrocarbon volume
(72707331ft), and well 35 a{73087373ft). This information was calculated andtock tank oil initially in place (STOIIP)

was used to gamate the thickness (isocharep) Theisochore value of 84Mstlhwas obtaineds shown in Table 3.

mapshows thathe reservoir is thicken the West and thins out IV CONCLUSION

towards the EagFig. 11). The integration of all available data (geophysical, geological,
Petrophysical Interpretation petrophysical) h& led to the building of a consistegécstatic
This was done to generatiee water saturation ndel, porosity model of the reservoir which camsed infield development
model and the néb-gross model. planning and maglsoserve asnput into a 3D dynamic reservoir
Water Saturation Model simulation model. The reservoir characterization has led to

This shows water saturation distribution withiine reservoito  detailed description and understanding of the resewlbich is
rangefrom 38% to 99%Wells 25 and 60 showed the higlie very important in developing arffieient reservoir management
water saturation, while weB8 hadthe lowest wadr saturation strategy.Well logs used for tis study includes Gammaray,
of 38% (Fig. 12). Resistivity, Neutron andensi logs. The seismic interpretation
Porosity Model of Reservoir showeda highly faulted closure for hydrocash entrapment and
Porositydistributionranges from 13% to 27%. This indicates thaaccumulation. Petrophysical analysisevealed good reservoir
reservoir D_7 has good porositfor accumulation of properties. Volumetric estimation showed good and
hydrocarbon (Fig. 13). economically viable hydrocarbon yield The depgitional
environment suggests a deltaic environment due to the presence
of progradingshore sandsind channesand intercalated with

shales.
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Fig. 7a: Seismic section showing the faults and resefvoiizon
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Fig. 7b: Smic section showing reservoir D_7 horizon
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Fig. 8 Structural depth map for reservoir Top

Fig. 9: Structural depth map for reservoir Base
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Fig. 10 Facies distribution map
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tion

Fig. 12: Water saturation model Fig. 13: Porosity model

Fig 12

Fig. 14: Netto-gross model
Fig. 15: Oil-water contact map
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