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ABSTRACT

Petrophysical well log and core data were integrated in an analysis of the reservoir characteristics of Uzek Well,
Offshore Depobelt, Niger Delta Basin, Nigeria. The study essentially determined reservoir properties such as
lithology, depositional environments, shale volume porosity (@), permeability (K), fluid saturation, net pay
thickness, among others from well logs and cores, which are variables that determine reservoir quality. The original
hydrocarbon-in-place of each reservoir was also evaluated based on mean weighted averages of porosity, water
saturation, gross rock volumes and net-to-gross ratios. The analysis identified four (4) hydrocarbon-bearing
reservoirs (I, P, Q, and R). The Uzek Well sandstone reservoirs were generally coarsening upward sequences with
gradational/transitional basal and sharp upper contacts reflecting sedimentation in high energy environments,
possibly, the shoreface depositional environment. Average permeability values of the reservoirs is above 1000md,
while porosity values ranged between 20-30%, reflecting well sorted coarse grained sandstone reservoirs with
minimal cementation, indicating very excellent reservoir quality. Fluid types defined in the reservoirs on the basis of
neutron/density log signatures were basically water, oil and gas. Low water saturation (12-54) in the reservoirs of
the Uzek Well indicated that the proportion of void spaces occupied by water is low, thus, indicating high
hydrocarbon saturation. Quantitative porosity verification using Pearson Correlation Coefficient and Regression
Equations revealed significant similarity in the porosity values obtained from petrophysical well log and core data.
Plots on scatter diagrams using porosity values derived from petrophysical log and that from core analysis for the
four reservoirs obtained correlation coefficient (r) values of 0.7165, 0.8094, 0.5835, and 0.5025, respectively for
reservoirs |, P, Q, and R, indicating strong linear relationships. Plots of values of water saturation derived from
core analysis and that from petrophysical log for the reservoirs also showed linear trends. Plots of porosity values
against permeability values showed fairly strong linear relationships between the two variablesin all the reservoirs
indicating that Uzek Well reservoirs are permeable and have pores that are in strong communication. The
petrophysical properties of the reservoirsin Uzek Well are enough to permit hydrocarbon production.

Key words: Niger Delta, Reservoirs, Characterization, Hydrboarand Saturation.

INTRODUCTION

1.1Background Statement

A reservoir is a subsurface rock that has effeqgiiwensity and permeability which usually contaimsnenercially
exploitable quantity of hydrocarbon. Reservoir etéerization is undertaken to determine its cajigitib both
store and transmit fluid. Hence, characterizatiealsl with the determination of reservoir propeftiasameters such
as porosity ®), permeability (K), fluid saturation, and Net R&jckness.

Porosity which is a measure of reservoir storagacity is defined as the proportion of the totalkr@olume that is
void and filled with fluids. Porosity is a relativeeasurement and commonly expressed in decimaiéfrat units
or else as a percentage.

Permeability is the capacity of a reservoir roclpamit fluid flow. It is a function of interconneity of the pore
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volume; therefore, a rock is permeable if it haseffective porosity. The fluid saturation is theoportion of the
pore space that is occupied by the particular fléideservoir can either be water saturated (Swhyairocarbon
saturated (1-Sw) depending on the type of fluidahtains. Saturation is a relative measurementcandmonly
expressed in decimal/fractional units or else apeecentage. A good reservoir is one that is comialgrc
productive; it produces enough oil or gas to pagklits investors for the cost of drilling and leaaeprofit.

The improvement of reservoir characterization témhes is one of the most important existing and rging
challenges to geoscientists and engineers. Loggiolgresponses and core data are often used to idfavences
about lithology, depositional environments and diwiontent. These inferences are based on empiricaels
utilizing correlations among tool responses, rockd dluid properties. In many instances, unfortulyatéhe
correlation models cannot be used globally becatisiee influences of factors not fully consideredthe models.
These factors include:

i. The presence of potassium-feldspar, zircon, etsesarroneously high calculated volume porosityaiolinite
of shale from the gamma ray log.

ii. Micro porosity in kaolinite, chert, etc. leads tglhapparent water saturation calculations, and

iii. Siderite, pyrite, barite, and smectite influencesistivity, density, and neutron logs calculations.

It is well recognized that improvements in reservtharacterization will reduce the amount of uneipble
hydrocarbon.

It is worthy to note that the understanding of tiepositional setting of a field is fundamentallypiontant in the
determination of reserves and in the design ofnoyth reservoir management procedures. Sands depadsite
different depositional environments are characteriby different sand body trend, shape, size, aterbgeneity.
This tends to show that the physical charactesstit clastic reservoir rocks reflect the respont@ @omplex
interplay of processes operating in depositionalirenments. Hence, the reconstruction of deposition
environments in clastic successions provides optinfitamework for describing and predicting reserwapiality
distribution. Also, knowledge of depositional emriment of reservoirs through accurate descriptitgrpretation
of wire line logs and core data allows for a bettederstanding of reservoir characteristics andédts quality for
optimal utilization of the embedded resources.

1.2Aim and Objectives of the Study

The aim of this study is to integrate petrophyslogldata with core data to qualify and quantifgenevoirs in order
to assess the production potential of Uzek Welth@Niger Delta. The objectives include:

» Determination of reservoir depth and thicknessdkénwell.

» Knowing the lithology through the identificatiorf sand units from chosen top sand to the last roattmn-
bearing sand, using Gamma Ray Log.

» Facies analysis by classifying reservoir sandstheid depositional environment from the log motifs

* Identification of gas-bearing sands and gas/oitacnfrom density log in combination with the newtrporosity
log.

* Interpretation of porosity logs, porosity data, geimeability data.

» Comparison of the petrophysical log data with theedata.

* Integration of all the available data to evaluate production potential of the well.

1.3Scope of Study

The ambit of this independent study is limited he tnference of reservoir properties, depositi@ralironment(s)
and trend of data of the Uzek Well reservoirs. Msaft Excel will be used in this work for the corgtion of
average net/gross, porosity, and water saturadonoptimum result, core analysis data will be usedompare the
obtained petrophysical log data by using Pearsane@@ion Coefficient and Regression Equation toe#sin their
level of relationships. This work will preclude myaaspects of full petroleum engineering study; heaveit will
tend to accomplish those aspects that can be mandtien the scope of undergraduate study.

1.4 ocation of Study Area
Uzek Well is located in the offshore depobelt af tiger Delta Basin, where thick Late Cenozoic itasequence
of Agbada Formation were deposited in a deltaigifitmarine environment.
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Figure 1 Location map of the Study area

1.5Literature Review

Effective description of reservoirs is the key tficeent reservoir management. Typically, data frearious sources
are utilized to describe reservoir in terms of pgwace, distribution, and geological attributeseSensources include
cores, logs, well test, publications, and productata.

Amafule [1] defined reservoir characterization esmbined efforts aimed at discretizing the reseriwid subunits,
such as layers and grid blocks and assigning vadual pertinent physical properties to these kéoc

Harris [6] emphasized the importance of synergseservoir management and discussed the interplggabgical
and engineering factors in reservoir characteozati

Sneider and King [16] have discussed the integnaifaccore data and log data in formation evaluation

Keelan [7] discussed the variety of measurementopats, characterized certain rock properties aglporosity,
permeability, grain density, and capillary presswed showed how these properties varied with #aogical
factors such as the environment of deposition.

Amafule [2] noted that for enhanced reservoir cbimdzation, macroscopic core data must be intedratith
megascopic log to account for the uncertainties élest at both levels of measurement which mustezegnized
and incorporated in sensitivity studies. They atsiied that the key to enhanced reserves determmaind
improved productivity is not based on the use opieical correlations but it is based on the estdbtient of casual
relationships among core-derived parameters anddoiged attributes. These theoretically corretdtienships can
then be used as input variables to calibrate logariproved reservoir characterization.

Paul [8] explained the role of cut-offs in integratreservoir studies. He revealed that the prihdipaefits of a
properly conditioned set of petrophysical cut-cdfe a more exact characterization of the resewitir a better
synergy between the static and dynamic reservoitetso so that an energy company can more fullyze#he asset
value.
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2.0GEOLOGY OF THE NIGER DELTA

2.1Geological Overview

The Niger Delta is situated in the Gulf of Guin&#g(re 2) and extends throughout the Niger DeltviAce. From
Eocene to the present, the delta has progradethvgesitward, forming depobelts that represent thet motve
portion of the delta at each stage of its develogrf®. These depobelts form one of the largestaggjve deltas in
the world with an area of some 300,000%k#wulke [18], a sediment volume of 500,000 kfh1], and a sediment
thickness of over 10 km in the basin depocenteap|dh [4].

2.2Structural Province

The onshore portion of the Niger Delta Provincdefineated by the geology of southern Nigeria andtavestern
Cameroon. The northern boundary is the Benin Feankast-northeast trending hinge line south oftfest Africa
basement massif. The northeastern boundary isedefiy outcrops of the Cretaceous on the AbakalighHand
further east-south-east by the Calabar Flank-aghiimg bordering the adjacent Precambrian.

The offshore boundary of the province is definedh®yCameroon volcanic line to the east, the easteandary of
the Dahomey Basin (the eastern-most West Africansform-fault passive margin) to the west, and tthe-
kilometer sediment thickness contour or the 400@emieathymetric contour in areas where sedimekii@ss is
greater than two kilometers to the south and soeshvirhe province covers 300,000Kand includes the geologic
extent of the Tertiary Niger Delta (Akata-Agbad&}releum System.

2.3Stratigraphy

The Niger Delta Basin covers an area of about T, and is composed of an overall regressive clastioence
that reaches a maximum thickness of 9,000 to 120(®,500 to 39,400 ft). The Niger Delta is dividatb three
formations, representing prograding depositionalefa that are distinguished mostly on the basisarfd-shale
ratios.

The Akata Formation at the base of the delta imafine origin and is composed of thick shale seqeiépotential
source rock), turbidite sand (potential reservimirdeep water), and minor amounts of clay and Béginning in the
Paleocene and through the Recent, the Akata Farm&tirmed during low stands when terrestrial organatter
and clays were transported to deep water areagatbared by low energy conditions and oxygen dkficy

Stacher [22]. The formation underlies the entirkadend is typically over pressured. The approxéwange of the
thickness is about 6,000m.

Deposition of the overlying Agbada Formation, thejon petroleum-bearing unit, began in the Eocené an
continues into the Recent. The formation consié{sacalic siliciclastics over 3,700meters thick aeg@resents the
actual deltaic portion of the sequence. The clasticcumulated in delta-front, delta-topset, andidhdeltaic
environments. The Agbada Formation is overlain gy third formation, the Benin Formation, a contia¢tatest
Eocene to Recent deposit of alluvial and Uppertaba$ain sands that are up to 2,000m thick, Avim[a].

2.4Tectonicsand Structure

The tectonic framework of the continental margiongl the West Coast of equatorial Africa is congdllby
Cretaceous fracture zones expressed as trencheglged in the deep Atlantic. The fracture zongeisl subdivide
the margin into individual basins, and, in Nigeriarm the boundary faults of the Cretaceous Benbakaliki
Trough, which cuts far into the West African shiekhe trough represents a failed arm of a riftlérijunction
associated with the opening of the South Atlatichis region, rifting started in the Late Jurasand persisted into
the Middle Cretaceous, Lehner and De Ruiter [1Bthk region of the Niger Delta, rifting diminishatlogether in
the Late Cretaceous. Figure 3 shows the gross gabeoaphy of the region as well as the relativatiposof the
African and South American plates since rifting deg

After rifting ceased, gravity tectonism became piienary deformational process. Shale mobility ingllignternal
deformation and occurred in response to two pressdsulke [18]. First, shale diapirs formed fronading of
poorly compacted, over-pressured, and prodeltadettid-slope clays (Akata Formation) by the highemsity delta-
front sands (Agbada Formation). Second, slope bilgtaoccurred due to a lack of lateral, basin ehasupport for
the under-compacted delta-slope clays (Akata Faomat For any given depobelts, gravity tectonicsreve
completed before deposition of the Benin Formatiom are expressed in complex structures, inclugimge
diapirs, roll-over anticlines, collapsed growthlfatrests, back-to-back features, and steeply dippilosely spaced
flank faults, Evamy [5]. These faults mostly offsdifferent parts of the Agbada Formation and flatiato
detachment planes near the top of the Akata Foomati
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Figure 3 Paleogeogr aphy showing the opening of the south Atlantic, and development of the region around Niger Delta.

2.5Lithology

Lithologies of Cretaceous rocks deposited in whataw the Niger Delta basin can only be extrapdlfitem the
exposed Cretaceous section in the next basin tondntheast--the Anambra Basin (Figures 4 & 5). Fri@
Campanian through the Paleocene, the shorelinecaasave into the Anambra Basin, Hospers [11] ramylin

convergent longshore drift cells that produced-tdeninated deltaic sedimentation during transgoessand river-
dominated sedimentation during regressions, RejjgdF Shallow marine clastics were deposited fartbffshore
and, in the Anambra Basin, are represented by theamCenomanian Asu River Group, Cenomanian-Saaton
Eze-Aku and Awgu Shale, and Campanian/Maastrichtikporo Shale, among others, Nwachukwu, [15], Reije

[19]. The distribution of Late Cretaceous shaledagh the Niger Delta is unknown (Figure 4).
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In the Paleocene, a major transgression referreab tthe Sokoto transgression, Reijers [19] begdh thie Imo
Shale being deposited in the Anambra Basin to ththaast and the Akata Shale in the Niger DeltarBaea to
the southwest (Figure 4). In the Eocene, the doasshape became convexly curvilinear, the longsllift cells
switched to divergent, and sedimentation changdzkiing wave-dominated, Reijers [19]. At this tirdeposition of
paralic sediments began in the Niger Delta Basiper and, as the sediments prograded south, tistlinedbecame
progressively more convex seaward.
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Figure 4 Stratigraphic section of the Anambra Basin from the L ate Cretaceous through the Eocene and time equivalent formationsin the
Niger Delta.

2.6Depaobelts

Deposition of the three formations occurred in eatlthe five off lapping siliciclastics sedimentati cycles that
comprise the Niger DeltaThese cycles (depobelts) are 30-60 kilometers wtegraded southwestward 250
kilometers over oceanic crust into the Gulf of GasinStacher [22] and are defined by synsedimeffaatiing that
occurred in response to variable rates of subsaland sediment supply, Doust and Omatsola [9]. Haglobelt is
a separate unit that corresponds to a break iomabdip of the delta and is bounded landward loywtin faults and
seaward by large counter-regional faults or thewtfiofault of the next seaward belt, Evamy [5], Doasd
Omatsola [9]. Five major depobelts are generalbpgaized, each with its own sedimentation, defoionatand
petroleum history (Fig. 6 &7)

Doust and Omatsola [9] described three depobeitipces based on structure. The northern delta peeyiwhich
overlies relatively shallow basement, has the dldeswth faults that are generally rotational, dyespaced, and
increases their steepness seaward. The central plelvince has depobelts with well-defined struegusuch as
successively deeper rollover crests that shift sedvior any given growth fault. The distal deltayince is the
most structurally complex due to internal gravigtbnics on the modern continental slope.
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Figure 7 Depaobelts recognized in the Niger Delta Province.

2.7Hydrocarbon Source

Much discussion has been made about the sourcefoocgetroleum in the Niger Delta. Possibilitieclinde
variable contributions from the marine shale inéeltled with paralic sandstone in the Agbada Formadind the
marine Akata shale. Based on organic matter cordgadttype, Evamy [5] proposed that both the masihale

(Akata Formation) and the shale interbedded withalga sandstone (Lower Agbada Formation) were therce
rocks for the Niger Delta oils.

However, Stacher [22] proposes that the Akata Fbomds the only source rock volumetrically sigodnt and
whose depth of burial is consistent with the deytthe oil window.

2.8Reservoir Rock

Petroleum in the Niger Delta is produced from s#mus and unconsolidated sands predominantly inAtiteada
Formation. Characteristics of the reservoirs inAgpada Formation are controlled by depositionairemment and
by depth of burial. Known reservoir rocks are E@ctmPliocene in age, and are often stacked Evaingased on
reservoir geometry and quality, Kulke [18] descsiltliee most important reservoir types as point badistributary
channels and coastal barrier bars intermittenttypgusand-filled channels. The grain size of theereoir sandstone
is highly variable with fluvial sandstones tenditagbe coarser than their delta front counterpamtsnt bars fine
upward, and barrier bars tend to have the besh g@ting. Much of this sandstone is nearly uncbdated, some

with a minor component of argillo-silicic cement IKe [18]. Porosity only slowly decreases with depdtause of
the young age of the sediment and the coolnedwealdlta complex.

MATERIALSAND METHODS

3.1Data Availability

The study was initiated with the collection of dégdectronic copies of the wire line logs and cdega), quality
checks and feedbacks between Ulasi Adaeze Ifechd atal E&P Nig. Ltd. (TEPNG) representative. A aikdd
petrophysical review of the well was subsequentiglartaken based on the wire line logs obtained frimenUzek

well. Guidance was obtained from TEPNG represemtain picking of sand tops and bases and the usetafffs
for determining pay.
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3.2Determination of Lithology from Wire Line Logs

A manual interpretation of lithology of the Uzek Wwevas undertaken using all the logs registeredugh a
systematic approach. The gross lithology was camaied and compared at the same depth, horizontallthe
gamma ray log. The interpretation then continuggjrahorizontally, through the other logs- resigfivsonic, and
density-neutron. At depths where all the logs doorated the same interpretation, the lithology wated and then
compared to cores. At depths where the lithologl ribt corroborate, a ‘feedback’ from one log to tiext was
done by way of log quality checking to correct thismatch.

3.3Estimation of Petrophysical Parameters
Listings of the various reservoir parameters bythiggere also generated during the course of thdystu

3.3.1 Net/Gross

The gross reservoir thickness H, of the Uzek Welbwletermined by looking at tops and bases of ébervoir
sands across the well. The net thickness whidheighickness of the reservoir was determined binahef basis for
non reservoir and reservoir sands using the ganaydog. This was carried out by drawing a shaleslias and
sand baseline on the gamma ray log. The thicknesgsbe shale, fi,e Within the reservoir sands were obtained and
therefore, subtracted from the gross reservoiktigss. Hence, Net reservoir thickness, h = K g.hand Net/Gross

= h/H, was obtained for all the reservoirs in treelk Well.

3.3.2 Shaleand Clay Volume
The minimum of gamma ray was used to compute sirdlene as shown in equation 1.

VCL= (GRog-GRuin)/ (GRuat GRuin)- v evevvee e ernenon. 1

Where,

VCL =Volume of Clay

GRog = Gamma Ray Log reading of formation
GR,n= Gamma Ray Matrix (Clay free zone)
GRyax = Gamma Ray Shale (100% Clay zone)

3.3.3 Porosity

Total porosity was calculated from density-neutimmas shown in the following relationship:
D= (Oma- G) (Oma= 01) e veeernene e e e e 2

Where,

d=porosity derived from density log

Oma =Matrix (or grain) density

&, = bulk density (as measured by the tool and heratedes porosity and grain density)
& = fluid density.

Effective porosity was estimated according to eigna3

@ = {(6ma_ 60)/ (6ma_ §|)} - {V CL* (ama_ Qh)/ (6ma_ §|)} ------ 3

Where,

@, = Effective porosity

Osh = Density of shale

Ve * (Oma— &)/ (0ma— &) = Clay Bound Water
(6ma = 2.65¢g/cc, §= 1.0g/cc, ¢ = 2.6g/cc)

3.3.4 Water Saturation

Archie Equation was used to calculate the watemradbn as shown in equation 4, and the IndondSeration was
used to calculate the effective water saturatioshamvn in equation 5, due to its wide-scale appllitg in the
Niger Delta.

SW="V@RW®D™R).........eeiiiiiiiiiiiiiii e, 4

Swe ="V1/ {(VCLY Rt) + (Pe"/a.RW)}*Rt.......... 5
(a=10,m=16,n=2, Rt 2.5)
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Where,

Rty = Deep resistivity in clay (read from log)

Rt = Deep Resistivity

Rw = Down hole water resistivity

@ = Effective porosity

Sw = water saturation

Swe = Effective water saturation

a= Archie’s exponent

m = cementation factor

n = Saturation exponent, it is the gradient oflthe defined on the plot.

3.3.5 Net Pay

A porosity cut-off of 10% was used along with alshalume cut-off of 51% to define the quality tietreservoir
rock. Water saturation, Sw, cut-off value of 60%swaed to define pay. The reservoirs were defiyetthd porosity
greater than 10% and shale volume less than 51#4hEmet pay, if the water saturation within teearvoir is less
than 60%, it is considered to contain hydrocarbon.

3.4Hydrocarbons-in-place Volumes
The original hydrocarbon-in-place of each reserwas evaluated using deterministic approach. This ased on
mean weighted averages of porosity, water saturagimss rock volumes and net-to-gross ratios.

3.5Cores
Cores were used as a reference to compare witlithbéogy interpreted from the wire line logs. Ceressentially
gave proper understanding of wire line logs andripled an interpreter that recorded real subsutftteaogies.

3.6Cross-Plots

In this study, three types of well log cross-plo&tween two variables were done and the resulenigs of points
were used to define the relationships between dhiables. The cross-plots include:

i. Cross-plots of compatible logs measuring the saanarpeter such as the porosity logs, that is, newdemsity
cross-plot.

ii. Cross-plots of incompatible logs that do not meashe same parameter, such as a plot of gammagedysa
neutron values.

iii. Cross-plots of core sample values against log gakiech as porosity core values against petropdiysarosity
values.

RESULTSAND INTERPRETATION

4.1Log Characteristics of the Uzek Well Reservoirs

All available electrical logs (gamma, resistivitygutron, density, and sonic) for the Uzek wellhe area of study
were examined. They show that the reservoirs was#yeidentified on the logs. The gamma ray logvehithe Uzek
reservoir sandstone as a low gamma ray readinglatétrcalated siltstones, mudstones, and shaljngarshow as
minor deflections within the sandstone unit.

The resistivity log is generally characterized leyatively higher resistivities opposite the sandstdhan the
subjacent and superjacent shales. This may berirapaflection of the sandstone’s contained flairocarbons.
But even in these cases of relatively high reststs; it may be that the readings are lower thaay twould be if it
were not for the resistivity reduction due to tlegence of clays. In cases where there are tightented sandstone
streaks within the porous sandstone, the resigtreiadings are abnormally high, while the heten@isandstones
and shaly partings are shown as low resistivitgliregs.

On the neutron-density curve, the gross Uzek vaillstone ideally shows increasing density porosityes, and
decreasing neutron porosity values. This depicts lgearing effect superimposed on the lithology affas
evidenced by the divergence of the two curves. Atsoor influence on the separation of the two carivelicates
oil-bearing reservoir. The following figure showa axample of the electrical log responses to thekUazell

sandstone lithology.
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Figure 8 Electrical log responsesto the Uzek sandstone lithology

4.2Definition of Reservoir Boundaries, Hydrocarbon Types, and Trend of Data

The reservoir zones were qualitatively identifiexing the log signatures by way of eliminating thale beds and
compact beds. Beds with high gamma ray, low resigtilow density, and high neutron readings intikchshale
and were thus eliminated. The reservoir zones aks@ quantitatively identified by clay volume, psitg, and fluid
content determinations through the use of somerrapequations already mentioned. Based on thétgtiize and
guantitative interpretations, twenty (20) resersaiere identified and labeled A to T. After carbfapplying water
saturation cut-off value of 60% to define net playr (4) hydrocarbon-bearing reservoirs were edditified and
located within depths 3159.557m to 3230.118m, 388N to 3822.649m, 3849.624m to 3954.780m, and .5600
to 4045.763m of the Uzek Well. These reservoirsevi@beled reservoir I, P, Q, and R respectively.

The hydrocarbon types were defined in these regsrbased on the evidence drawn from the neutrmisitielog
signatures at their corresponding depths. A seiparaf the neutron and density log with the neutimmndeflecting

to the right and density log to the left indicatgab. A balloon shape also typified gas while theking together of
the two curves indicated oil in the reservoirs.

The trend of data of Uzek Well sandstones wereriaftas coarsening upward sequence based on tishdpg in
its sandstone bodies. Uzek sandstone beds arenélfshape with gradational/transitional basal @cinand sharp
upper contact. Also, since grain size variations ased in sedimentology as an indicator of deositi

environment, Uzek well sandstones which are cograied are associated with high energy environntégure 9

shows gamma ray log shape characteristics assoeiétte different environments.
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Figure 9 Log shape classification. The basic geometrical shapesand description used to analyze gamma ray responseto variation in grain
size

4.3Description of Lithology
Study of Uzek well reveals that it consists of fdwdrocarbon-bearing reservoirs. The sands encmdta the
reservoirs are fairly correlatable indicating atiefely longer period of depositional cycle.

A brief description of each reservoir is as follows

e Reservoir | is hydrocarbon bearing and has a coargeupward sequence. The reservoir is within depth
3159.557m to 3230.118m with a gross thickness dd&n, net sand thickness of 67.056m, and net ljakrtess
of 21.031m. The unit is coarsening up and suggsita front shoreface deposit, which, is clean aetl sorted.
The reservoir contains oil and gas.

* Reservoir P is clean, thick sand that also sugg#sta front shoreface deposit. This unit represéiné best
reservoir unit and is associated with possible sagrains that are well sorted. The reservoir ihiwidepths of
3806.495m to 3822.649m of the Uzek well with a griisckness of 16.154m, net sand thickness of T2nQ4nd
net pay thickness of 10.363m. The shale separ#tisgeservoir from the above reservoir thickenise Teservoir
contains oil and gas.

e Reservoir Q is clean, thick sand. This reservoiwithin depths of 3849.624m to 3954.780m with asgro
thickness of 105.156m, net sand thickness of 93m2&Mhd net pay thickness of 30.937m. This unitsisoaiated
with possible coarse grains that are well sorted #e successions are interpreted to have beensiteghan
prograding, estuarine shorelines. This reservaitaios oil and gas.

* Reservoir R is of funnel shape and the bed hasafjoaal basal contact and a sharp upper contaa. Th
successions are interpreted to have been depdsitpdbgrading, estuarine shorelines. This reseri@iwithin
depths of 4000.5m to 4045.763m in the Uzek wellhwat gross thickness of 45.263m, net sand thickonéss
42.062m, and net pay thickness of 27.280m. Theveseontains oil and gas.

4.4Petrophysical Result Summary

Reservoir qualities of the sands vary widely, witt pays ranging from 10m to 31m, porosity randiogn 2 to 36
%, and water saturation ranging from 12 to 54 %ha hydrocarbon-bearing sections (Table 1). Porggherally
decreases with depth and water saturation alsorglgnéecreases with depth. Average petrophysicdlias for
each reservoir are shown in table 1. Details op#teophysical summary are shown in appendix A.
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Table 1: Summary of the weighted averages of Petrophysical parameters

Reservoir Top (m) Bottom (m) () Sw N/G Net sand Net pay

| 3159.557 3230.118 24.20 84.6 0.950 67.054 21.031
P 3806.495 3822.649 17.30 91.8p 0.745 12.041 10.3p3
Q 3849.624 3954.780 16.80 46.6Y 0.847 93.26 30.987
R 4000.5 4045.763 17.90 55.30 0.929 42.063 27.280

4.5Fluid Contacts

The deep resistivity log was used to determinesttient of hydrocarbon thickness in the reserv@irsombination
of the Neutron-Density log was used to confirm timtact points, and they were located in the Uzedl W
reservoirs by means of visual evidence and throm¢grpreted results of saturations from the logke Tluid
contacts observed in the different reservoirs doathin the Uzek well are as shown in table 2.

Table 2 Fluid contact table

Reservoir Type of contact Contacts ()
I Gas/oil contact 3180.55
P Gas/oil contact 3820.07
Q Gas/oil contact 3800.62
R Gas/oil contact 4010.9

4.6Comparison of Core Valueswith WireLine Values
Petrophysical result values were compared withctive data using Pearson Correlation CoefficientRegression
Equation.

4.6.1 Comparison of Petrophysical Porosity Data and Core Porosity Data

Table 3 summarizes the core analysis porosity gael the petrophysical log porosity values of Wlzek well

studied. It reveals a significant similarity in therosity values determined by the two differenthmods. The core
analysis porosity values range from 5 to 33 percehile the petrophysical porosity values rangarfra to 36
percent.

Table 3: A comparison of petrophysical porosity valueswith core analysis porosity values.

Reservoir Depth Petrophysical porosity  Core ansalgsrosity
3161.9 0.278454 0.22
3164.9 0.366619 0.29
3165.9 0.34801 0.28
3166.9 0.224434 0.22
3168.9 0.296819 0.25
3169.9 0.338336 0.26
3172.1 0.251928 0.2
3176.15 0.237387 0.22
3178.7 0.24957 0.2
3178.9 0.250405 0.24
3179.15 0.25226 0.24
3180.9 0.260734 0.22
3181.9 0.184918 0.15
3186.9 0.223461 0.19
3187.9 0.207733 0.16
3188.9 0.12364 0.15
3189.9 0.127297 0.18
3197.9 0.270046 0.22
3198.9 0.215192 0.22
3199.9 0.25641 0.33
3201.9 0.250361 0.26
3202.9 0.243247 0.31
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Reservoir Depth Petrophysical porosity Core anglgsrosity
3816.5 0.290043 0.21
3819.8 0.134752 0.17
3820.8 0.258257 0.16
3821.61 0.251327 0.17
3821.8 0.207481 0.15

p 3823.35 0.12349 0.21
3824.8 0.055933 0.13
3825.8 0.04115 0.09
3827.8 0.046145 0.1
3828.8 0.043291 0.07
3830.8 0.015301 0.06
3842.8 0.008712 0.05
3848.8 0.038729 0.07

3850.55 0.222859 0.17
3850.8 0.216836 0.16
3852.8 0.199278 0.15
3854.8 0.228355 0.16
3855.35 0.189234 0.21
3855.8 0.202317 0.14
3856.8 0.247433 0.21
3856.81 0.237402 0.19
3859.2 0.1744674 0.17
3860.2 0.061964 0.18
3861.42 0.280783 0.19
3862.2 0.253223 0.2

3867.2 0.20817 0.19
3869.2 0.187631 0.15

Q 3869.6 0.21441 0.19
3871.2 0.203875 0.14
3872.2 0.187451 0.15
3875.2 0.202543 0.15
3878.2 0.156436 0.13

3880.85 0.175746 0.14
3881.2 0.157692 0.14
3885.2 0.146087 0.15
3886.2 0.175688 0.19
3887.05 0.158489 0.13
3887.2 0.149927 0.13
3888.2 0.189737 0.19
3891.2 0.20411 0.2

3893.2 0.137736 0.14
3894.85 0.160019 0.16
3897.2 0.148028 0.13
4005.9 0.221819 0.16
4009.9 0.197328 0.18
4010.9 0.208662 0.18
4014.9 0.164914 0.17
4018.9 0.187741 0.15
4019.9 0.174955 0.16
4020.9 0.157955 0.13
4023.9 0.197869 0.16

R 4025.9 0.139167 0.18
4029.9 0.226077 0.2
4030.9 0.209023 0.19
4032.9 0.173894 0.15
4033.9 0.215237 0.2
4037.9 0.105774 0.19
4038.9 0.209876 0.2
4042.9 0.133685 0.16
4043.9 0.193654 0.2
4044.9 0.191351 0.19

The petrophysical log porosity values and the @oralysis porosity values of the four reservoirshef Uzek well
were plotted as a scatter diagram (fig. 10, 11,18}, They show approximate linear relationshipaleetn the two
variables. The correlation coefficient r value0of165, 0.8094, 0.5835, and 0.5025 were obtainede&ervoirs |,
P, Q, and R respectively, indicating a strong linedationship. A linear regression equation of=.9343x +
0.0366, y = 1.4931x — 0.0724, y = 0.9154x + 0.0326d y = 0.4804x + 0.1057 were also computed fer th
petrophysical log porosity values and core analgsi®sity data in reservoirs |, P, Q, and R respelst and were
used to fit a regression line to the set of poffits 10, 11, 12, and 13).
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Figure 10 Core porosity data vs. petrophysical log porosity plot for reservoir |
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Figure 11 Core porosity data vs. petrophysical log porosity plot for reservoir P
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Figure 12 Core porosity data vs. petrophysical log porosity plot for reservoir Q
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Figure 13 Core porosity data vs. petrophysical log porosity plot for reservoir R
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4.6.2 Comparison of Core Analysis Water Saturation Values With Petrophysical Log Water Saturation
Values

The saturation of a reservoir rock is equivalenitagore content and is basically made up of wséturation (Sw)
and hydrocarbon saturation (1-Sw).

The hydrocarbon saturation is made up of two compts oil saturation (So) and gas saturation (Sg),
Schlumberger Log Interpretation, vol.1, (1972). Mmer saturation is therefore the fraction of fluge volume
occupied by formation water, while hydrocarbon satian (= 1- Sw) is the fraction of the pore volupexupied by
hydrocarbon. The determination of these two satuatis the main aim of both core analysis and lbalee
geophysical log interpretations. Decisions regaydime economic production of hydrocarbons from seneoir
largely depend on the reservoir rock saturatio, therefore, it is important that accurate measerégmbe made
and properly interpreted. Table 4 summarizes thre emalysis water saturation values and the peysigdl log
water saturation values of the Uzek well studied.

Table4: A comparison of petrophysical water saturation valueswith core analysiswater saturation values

Reservoir| Depth | Petrophysical water saturation @amgdysis water saturatiop
3161.9 0.125 0.51
| 3169.9 0.174 0.06
3178.9 0.275 0.19
3180.9 0.390 0.33
p 3820.8 0.148 0.09
3821.8 0.327 0.34
3850.8 0.256 0.18
3852.8 0.310 0.26
3854.8 0.252 0.16
3855.8 0.280 0.22
3856.8 0.132 0.14
3856.81 0.143 0.12
3859.2 0.333 0.21
Q 3862.2 0.174 0.09
3867.2 0.210 0.16
3869.2 0.206 0.16
3871.2 0.212 0.19
3872.2 0.286 0.18
3875.2 0.224 0.13
3878.2 0.402 0.34
3881.2 0.352 0.20
4005.9 0.060 0.09
4009.9 0.241 0.26
4010.9 0.339 0.37
4014.9 0.540 0.58
4018.9 0.230 0.13
4019.9 0.412 0.25
4020.9 0.480 0.38
4023.9 0.148 0.19
R 4025.9 0.576 0.44
4029.9 0.475 0.3
4030.9 0.514 0.4
4032.9 0.644 0.18
4033.9 0.694 0.44
4038.9 0.721 0.14
4042.9 0.943 0.41
4043.9 0.835 0.22
4044.9 0.795 0.21

Plots of core analysis water saturation and petrsiphl log water saturation (figure 14, 15, 16, a7 of all the
reservoirs show a linear trend. Computed regressipration of y = 1.0829x + 0.2616, y = 1.6309x #73, y =
1.8883x — 0.05, and y = 0.777x + 0.3064 were ugdit & regression line to the points. The corietatoefficient
of r = 0.5588, 0.1209, 0.7647, and 0.3785, respelgtshows a good linear relationship betweenwtevariables.
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Figure 14 Petrophysical Log water saturation (Sw) vs Core analysiswater saturation plot reservoir |
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Figure 15 Petrophysical Log water saturation (Sw) vs Core analysiswater saturation plot reservoir P
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Figure 16 Petrophysical Log water saturation (Sw) vs Core analysiswater saturation plot reservoir Q
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Figure 17 Petrophysical Log water saturation (Sw) vs Core analysiswater saturation plot reservoir R

4.6.3 Comparison of Core Porosity Valuesand Permeability Values

The core porosity values were plotted against pahitiy values (figure 18, 19, 20, and 21), andhbgression
equation and correlation coefficient (r) were cotepufor the set of points. The computed regressamation of y
= 5341.9x + 900.74, y = 19649x — 1465.4, y = 59¥7%~3768.97, and y = 13284x — 771.94 was used ta fit
regression line to the points for reservoirs I(R,and R respectively (figure 18, 19, 20, and Zhe correlation
coefficient r of 0.138, 0.338, 0.522, and 0.145veha fairly strong linear relationship between tilve variables in
all the reservoirs.
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Table5: A comparison of core porosity valueswith cor e per meability values

Reservoir| Depth | Core porosity data (fractign) Queemeability data (md
3161.9 0.22 1649.7
3169.9 0.26 4068.78
3172.1 0.2 597.64
3176.15 0.22 3355.6599
3178.7 0.2 944.55
3178.9 0.24 1926.37
3179.15 0.24 4733.52
3180.9 0.22 2505.79
3197.9 0.22 1332.2
3198.9 0.22 180.98
3199.9 0.33 1106.42
3201.9 0.26 2271.6299
3202.9 0.31 2278.1299
3816.5 0.21 2976.6201

P 3820.8 0.16 2941.52
3821.61 0.17 295.97
3850.55 0.17 96.39
3850.8 0.16 64.32
3854.8 0.16 78.02
3855.35 0.21 679.32
3855.8 0.14 2.22
3856.8 0.21 19.97
3856.81 0.19 3.82
3861.42 0.19 906.14
3862.2 0.2 1299.4399

Q 3867.2 0.19 152.59
3869.2 0.15 129.98
3869.6 0.19 224.95
3871.2 0.14 121.45
3872.2 0.15 45.42
3875.2 0.15 326.53
3878.2 0.13 2.92
3880.85 0.14 125.82
3881.2 0.14 338.64
4005.9 0.16 3073.05
4009.9 0.18 5.91
4010.9 0.18 39.22
4014.9 0.17 4.41
4018.9 0.15 2623.95
4019.9 0.16 1271.89
4023.9 0.16 356.09

R 4029.9 0.2 1762.0699
4030.9 0.19 768.28
4032.9 0.15 268.10
4033.9 0.2 322.26
4037.9 0.19 8.63
4038.9 0.2 429.86
4042.9 0.16 41.54
4043.9 0.20 5399.3301
4044.9 0.19 4311.29
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Figure 18 Core porosity vs. Permeability plot for reservoir |
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Figure 19 Core porosity vs. Permeability plot for reservoir P

2986
Pelagia Research Library



Adaeze, |. Ulas et al

Adv. Appl. Sci. Res., 2012, 3(5):2966-2991

Core Permeability data (nd)

Core Permeability data (md)

1400

1200

1000

800

600

400

200

6000

5000

4000

3000

2000

1000

o

0.05 0.1 0.15
Core Porosity data (fraction)

Figure 20 Core porosity vs. Permeability plot for reservoir Q
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Figure 21 Core porosity vs. Permeability plot for reservoir R
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DISCUSSION

5.1Reservoir Quality and Grain Size

Petroleum reservoirs are dominantly clastic or cagbe rocks. Shale or clay beds are not good reisemvcks
because they lack both effective porosity and pahitiey and can act as barriers to the lateral eertical flow of
fluids, thus, the inclusion of shale particles ataly minerals within a sandstone or carbonate matiil tend to
reduce the quality of the formation as a reservoir.

Therefore, the grain size of Uzek Well was inferrfdm the gamma ray log by its response to clay
minerals/contents. Uzek Well log revealed that ganmay values increased to the right of the tradk Wigh clay
contents and fine-grain size, and decreased tdethéndicating coarse-grained sands and low clayngna ray
values. The decrease in clay content was linkeghtincrease in the grain size and this relationidpto a direct

correlation between facies and log shape, andltise celationship between the gamma ray log andstane grain
size.

5.2Analysis of Petrophysical Parameter Estimation

Net/gross ratio was used to define the proportiath® intervals that were considered to be reses\arid it aided in
the understanding of the formation. This ratio stlass and reflects the overall quality of a zewé minding its
thickness. These intervals indicated areas/unitsrevisand deposition is concentrated, and whererbetservoir
quality is to be found with variations in the qtylof sand. In attempting to distinguish net res@s/and net pay
intervals in the Uzek Well, cut-offs were used amshes which are porous and permeable were easihtifigd.

Gamma ray, neutron, and density logs were usedda®ct indicators of permeability of the Uzek Widkervoirs
because core is generally of limited extent andccowt be relied on to define all net reservoir ggnhence,
reliance was placed on the wire line log data duth¢ fact that it indicated the presence of fimdasion by mud
filtrate. Low gamma ray reading indicated low clegntent and higher permeability, while high neutdensity

porosity indicated high permeability. The appliad-offs were used to define the limits of the paropermeable,
and hydrocarbon producing zones in the Uzek Wellthrse zones were selected based on statisti&lgkean

According to Rider [20], the following tables gilxetter explanation of porosity and permeabilityadiggion of
reservoirs.

Table 6 Qualitative Evaluation of Porosity

Per centage Porosity (%) | Qualitative Description
0-5 Negligible
5-10 Poor
15-20 Good
20-30 Very Good
> 30 Excellent

Table 7 Qualitative Evaluation of Permeability

AverageK_Value (md) | Qualitative Description
<10.5 Poor to fair
15-50 Moderate
50 — 250 Good
250 — 1000 Very Good
> 1000 Excellent

The average water saturation revealed the promodiosoid space occupied by water in the Uzek Wedlervoirs
based on the calculations made, and it showedntar saturation of the reservoirs are low, thigh hydrocarbon
saturation and high hydrocarbon production.

5.3Porosity and Per meability Relationship in Uzek Well

Porosity is often related to permeability, this garticularly evident in clastics but often less dictable in
carbonates. Cross plots of core porosity againsh@ability of the Uzek Well reservoirs show thavlgamma ray
value indicated low clay content and higher perriggband high neutron density porosity indicatéigh

permeability. Also, the correlation coefficient wak obtained show a fairly strong linear relatigmsetween the
two variables in all the reservoirs. This revehbst tUzek Well reservoirs are permeable and havesit@s of some
form that are in communication.

5.4Analysis of CrossPlots
Cross plots were done to verify log calculated galagainst those derived from core analysis ddta.pErsistent
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difference between log and core porosities is atication of the difference in their physical comafits which
explains the fact that core porosities are measunglér atmospheric conditions, while log porosities measured
under reservoir conditions, notably of pressuretantperature.

Cross plotting neutron and density porosity valwes done to identify pure matrix and their relapetosity. The
cross plotting of incompatible logs was done torifa lithology. The gamma ray log values were fddtagainst
the neutron log values to bring out the relatiopsthetween the two. This plot shows that there é®rsistent,
straight line relationship between the two wheréhldbe gamma ray and the neutron logs are reattirsgshale-
sandstone mixture. Each log shows the volume déshats own way. Through the straight line regichanges in
porosity typically involve changes in shale contdibwever, in the very clean sandstones there arations in
porosity which do not involve shale and the reladgitip between the two logs changes. The sandeibjzek Well
reservoirs are gas and oil filled and the changegsorosity affect the neutron log considerably, idishing it as
porosity increases. On the gamma ray alone, thHesaeges are not seen but when the logs were plattgdher, the
relationship became evident.

On the same plot, at higher gamma ray and neuta@res, there is also a relationship break due dgaroc matter.
Since the neutron tool reacts to all hydrogen migse reacts to the hydrogen combined with carboiorganic
matter. Thus, while the gamma ray values diminisithee organic matter replaces the shale; the newiatues
increased or remained high. The neutron-gamma l@yigpvery useful particularly in analyzing shaleanges in
general.

CONCLUSION

The characterization of the Uzek Well reservoirdshadies was made possible by the careful integratf well log
responses and core information. The study exantimedertical sequence of lithologies of the sandidg trend of
data, and log interpretation.

A detailed petrophysical parameter estimation eflilzek Well showed that:

1. Reservoir quality was found to be strongly iefiaed by grain size.

2. In reservoirs where porosities are high pernigiaisiare equally high and vice versa.

3. These high values of porosities and permeadsiliire attributed to the well sorted nature oftrals.

4. Porosity and permeability increased with inciregseservoir quality.

5. Average water saturation values range from 124tavhile the average hydrocarbon saturation wataage from
35 to 94.

6. The formation is medium - coarse grained, welhvell sorted sand that occur in upper shorefagg@mment.

7. Quantitative porosity verification shows goodretation between log and core porosities. Therdgancies
existing in cross plots are due to the heterogeseitf the formation and to the fact that the atata are from spot
sample measurements, while log represent an avarafjeontinuous measurement.

Based on geologic interpretations, the Uzek Weldereoir sands are inferred to be deposited or fdrmea tidally
influenced progradational shoreline environmente Bands are interlaminated with clays towards #e band
become progressively clay free sand upward. Thewdhnnel shaped log signatures that are serrattéte dottom
which can be attributed to sedimentation rate ediogerate of subsidence.

The quality of the reservoirs as determined bypthieneability is excellent with permeability valussove 1000md,
and by porosity is very good with porosity valuetviieen 20 to 30 percent. Thus, the grain size efréiservoir
could be inferred to as being coarse and uniforathanged with low cementation. A petrophysical fo@osity
value of 20 to 36 percent or core analysis porogdye of 25 to 40 percent is necessary to genarateaneasurable
permeability and permit hydrocarbon production fritvese reservoirs.

Decisions on economic production of hydrocarboosfthe Uzek Well should not be based solely ontedat log
responses and core laboratory analysis data, buldshlso consider evidence obtained from othemrtiegies used
in reservoir characterization.

Acknowledgement

Authors acknowledge the assistance of the DepattofeRetroleum Resources (DPR) Port Harcourt fokinmit

possible for me to get academic data without hiéched the Geosciences and Reservoir (GSR) Deparoh&otal
E & P Nig. Ltd. (TEPNG) Port Harcourt, for grantiagcess to the well logs and core data used foprihject also
thank all members of staff of the department of €&e@mnces of the Federal University of TechnologyTP) who

in one way or the other made my study period woniley

2989
Pelagia Research Library



Adaeze, 1. Ulasi et al Adv. Appl. Sci. Res., 2012, 3(5):2966-2991

REFERENCES

[1] J. Amafule, D. Kersey, D. Marschall, D. Powell,Valencia, D. Keelan). SPE, 1988, 18167.

[2] 3. Amafule, A. Mehmet]. SPE 1993, 68, 26436.

[3] A. Avbovbo,J. AAPG 1978, 62, 295-300.

[4] A. Kaplan, C. Lusser, |. Nortod, AAPG 1994, 60, 230-237.

[5] B. Evamy, J. Haremboure, P. Kamerling, W. Kna&pMolloy, P. Rowlands). AAPG 1978, 62, 277-298.

[6] D. Harris, C. Hewitt,J. Pet. Tech. 1977, 761-770.

[7] D. Keelan,J. Pet Tech. 1982, 2483-2491.

[8] F. Paul,J. SPE 2003, 84387, 1-16.

[9] H. Doust, E.Omatsola, AAPG 1990, 239-248.

[10] M. Ekweozor, E. Daukoru, AAPG 1994, 60, 599-614.

[11] J. Hospers]). AAPG 1965, 76, 407-422.

[12] J. HuntJ. AAPG 1990, 74, 1-12.

[13] P. Lehner, De Ruiter, P.A.Cl,AAPG 1977, 61, 961-981.

[14] R. Merkel,J. AAPG 1979

[15] S. Nwachukwu,). Nig. Geology Magazine 1972, 109, 411-419.

[16] R. Sneider, H. King). AAPG 1978

[17] C.J Iwuagwu; MSc thesis, University of Alber@anadd979

[18] H Kulke; Regional Petroleum Geology of the World.tRarAfrica, America, Australia and Antarctica: Bia,
Gebrider Borntraeget995, pp 143-172.

[19] T. Reijers, S. Petters, C. Nwajide; In: R.@lI&y (Ed.), The Niger Delta Basin, African Basik8edimentary
Basin of the World 3: Amsterdam, Elsevier Scierd@97, pp 151-172.

[20] M. Rider; The Geological Interpretation of Webgs. Blackie, Glasgowi986 Pp.151 -165.

[21] Schlumberger Log Interpretation, Schlumbelger New York,1972, 1, pp 113.

[22] P. Stacher, In: M.N. Oti, G. Postma, (Ed.)e$tmt understanding of the Niger Delta hydrocatiatitat.1995,
pp 257-267.

APPENDIX A

Summary Table of Petrophysical Parameters

Uzek Well

Reservoir summary

Reservoir Top (m) Bottom (m) Gross Net sand Net/Gross Net pay AVG Sw AVG PHI HuPhi HuPhiSo Fluid Fluid

MD MD sand (m) (m) (fraction) (m) (fraction) (fraction) (m) (m) Type Contact

1 3159.557 3230.118 70.561 67.05 0.95 21.081 0.844§ 0.242 17.041 2.878 Oil/Gas| GOC
2 3806.495 3822.649 16.154 12.044 0.745 10.363 80.91 0.173 2.104 0.825 Oil/Gas| GOC
3 3849.624 3954.780 105.156 93.26! 0.887 30.987 660.4 0.168 16.656 10.504 QillGa: GOC
4 4000.5 4045.763 45.263 42.064 0.929 27.280 0.553 0.179 7.578 3.767 Oil/Gas| GOC

APPENDIX B

Cross-plots of incompatible logs of Uzek Well Reséns that do not measure the same parameter

GR vs NEUTRON CROSS PLOT
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APPENDIX C
Cross-plots of compatible logs of Uzek Well Reses/measuring the same parameter

NEUTRON vs DENSITY CROSS PLOT
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