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ABSTRACT

The primary function of petrophysics is to provide the necessary parameters for an
accurate establishment of reservoir model, petrophysical analysis is considered as
one of the critical factors in reservoir evaluation. Hydrocarbon exploration in Niger
delta province has been ongoing for many decades with the exercise now been
gradually shifted to the deep offshore, to exhaust the basin petroleum potential, the
sand channel within the deep sea is now targeted as the main exploration point. This
research work reiterated the relevance of petrophysical analysis of open-hole wireline
data as the primary step in establishing the concept of reservoir evaluation during
hydrocarbon exploration, reservoir petrophysical properties of subsurface
sedimentary layers were studied using wireline logs data from three selected wells in
Niger Delta Basin. The electronic copies (LAS file) of the wireline logs data were
obtained for this research work, the quality checks, accuracy, content policy and
confidentiality remained the right of Department of Petroleum Resources (D.P.R.)
Nigeria. The wireline logs data comprised of gamma ray, resisitiviy (deep), sonic, and
neutron logs integrated with calculated field curves; Archies water saturation (Sw),
total porosity (PHIT), bulk-volume water (BYW) and shale volume (Vsu). Computer
based data interpretation was conducted using Schlumberger’s PETREL E&P software
2013. The results of the petrophysical analysis were presented in bi-plots and log Vs
depth format (log tracks) for convenient interpretation. The various hydrocarbon
bearing zones across studied wells were quantitatively categorized into three
distinctive reservoirs. Reservoir AA, encountered between intervals 2610ft and
3068ft, has an average pay thickness of 40.4ft and laterally extends to across all the
five wells. Reservoir BB, encountered along interval 4011ft to 4690ft has an average
pay thickness of 16ft. The deepest reservoir encountered between interval 5305ft and
6930ft, has an average pay thickness of 61ft. The average hydrocarbon saturation,
effective porosity and bulk-volume water for reservoir AA, BB and CC, are 50%, 30%
and 0.0571; 33%, 26% and 0.2085; and 40%, 20% and 0.1565 respectively. Due to
the limited availability of wireline logs data only two types of fluids; water and
hydrocarbon were delineated, the values of effective porosity and hydrocarbon
saturation calculated for the hydrocarbon bearing zones are good enough for
commercial accumulation and production of hydrocarbon. The direct correlation
between facies and gamma log shapes relationship has evidently supported the
tentative interpretation of paleo-depositional environment of the Niger Delta Basin.
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1.0 Introduction

Oil and gas industry covered almost
everything in the general consumer usage
and has become the powerhouse of almost
all activities on the earth crust, the increasing
nature of the world population at the same
advancement in technology and
infrastructural development, has heighten
exploration, exploitation and production thus
becoming more complex to handle. These
have necessitated the stakeholders to handle
it in an explicit and cost-effective manner,
develop strategies for best practices (Badiru
and Osisanya, 2013). Furthermore, the
heterogeneity nature of the subsurface that
harbored hydrocarbon reservoir rocks has
led to a great deal of uncertainty in oil and
gas exploration and production exercise,
more attentions must be rendered in every
stage of the project The task of producing
hydrocarbon is flanked by series of complex
exercises, huge capital are involved (cost and
revenue), volatile global economy, and
dynamic subsurface. There is continuous
need for improvement in understanding the
various exercises involved in petroleum
exploration and production, also extra efforts
must be rendered in utilizing strategies in
meeting promised and targeted outcomes

(Badiru and Osisanya, 2013). Additionaly due

to complexity of the subsurface materials,
limited information is available for accurate
description  of  the  reservoir and
understanding the real situation is based on

estimates. (Jahn et al., 2008).

Reservoir characterization and subsurface
geological mapping are the most important
tools used to explore for undiscovered
hydrocarbons and to develop proven
hydrocarbon reserves (Oyedele, 2013).
Petrophysical analysis is as one of the critical
exercises in petroleum exploration, it serves
as a primary source of data for reservoir
characterization, there is explicit need of
subsurface data for any successful
hydrocarbon reservoir evaluation. Data
acquisition  for  subsurface evaluation
involves numerous geophysical technigues:
Ground penetrating radar, Electromagnetic,
Magnetic, Seismic, Gravity, Ground motion
monitoring and Wireline logging method.
Wireline logging has aided the geoscientist
with outstanding ideas on the subsurface
rock properties, by providing a continuous
recording over a considerable length of
depth of the underlying formation rocks. It
serves as a medium for partial or complete
acquisition of data and valuable information
for a detailed reservoir study (Moore et al.,

2011), also hydrocarbon estimates can only
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be made through data collection and
interpretation of different petrophysical
parameters of the host rock and fluid content
(Parasnis,1997). Well data provides a variety
of information describing the lithology
(including the mineralogy, porosity, and
perhaps even the morphology of the pore
spaces), the fluid content (sometimes related
to logged conditions, in virgin reservoirs
conditions), and detailed depth constraints
on geologic horizons (Weber and Daukoru,

1975).

Reservoir resources estimation start with a
proper characterization of the resource play
in a sequential manner, this start with a
determining a well-defined gross formation
extent, followed by selective identification of
the hydrocarbon generation together with
the storage capacity all within the targeted
formation and lastly defining the dynamics
controlling the production of hydrocarbon in
the reservoir, the reserves estimate is
generally based on the availability of data and
proven geologic interpretation (Lyons Plisga,
2005). Eyvazzadeh et al., (2007) stressed on
the need for improvements in accuracy for all
petrophysical analysis, describing it as critical
for every successful formation studies.
Reservoir heterogeneity and errors inherent

in core measurements and log data

frequently affect petrophysical analysis
results, in terms of accuracy and precision
(Adel et al., 2004). These errors can lead to
underestimation or overestimation of pay
zones, fluid saturations and hydrocarbon
recovery, prompting the cost of additional
testing. Furthermore, poor management of
the petroleum resources has led to socio—
economic, socio—political and complex
interaction problems involving the people,
economic development, and the
environment. Despite massive influxes of oil
revenues, Nigeria seems to suffer from the
“oil curse” or the “natural resource curse”
due to poor governance, lack of effective
environmental and sustainability awareness.
The need to proliferate the standard of basic
wireline logs in oil exploration becomes
inevitable, with low oil prices causing the re-

evaluation of mature oil fields.

This research executed with the application
of modern software in petrophysical analysis
of wireline data to delineate hydrocarbon
bearing intervals in Niger Delta Basin, it aims
to understand the petrophysical parameters,
which in turn are the most useful
characteristics of subsurface reservoir
evaluation. The study will tend to achieve the

following research objectives.
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° To identify hydrocarbon bearing
zones and examine the formation properties
based on well logs information from five
open wells.

. To characterise the reservoir units in
the studied wells using composite well logs
data.

° To convert the raw log data into
estimated quantities of hydrocarbon and
water in the wells.

° To determine the reservoir porosity,
fluid saturation, net pay thickness, and
lithology.

° To determine the reservoir depth and

thickness across the studied oil wells.

2.0 Petroleum Geology and Exploration in

Niger Delta Basin

Niger Delta Basin overlain a thick deltaic
deposits of tertiary age, it covers about
103,599 square kilometers. The deltaic
deposits are subdivided into; Benin
Formation (continental sand), transitional
Agbada Formation (alternating sands and
shale) and Akata Formation (marine shale).
Early studies of the Niger Delta Basin by Short
and Stauble, in 1967 subdivided the basin
into three formations namely the Akata
(base), the Agbada (middle), and the Benin

(top) Formations. These  formations

represent the prograding depositional facies
that are distinguished mostly because of
their sand-shale ratios. The Akata Formation
comprises mostly marine shale sequences
and lowstand turbidite sand. The Agbada
Formation comprises alternating sequences
of sandstone and shale and is interpreted as
a cyclic parallic sequence comprising marine
and fluvial deposits. The Benin Formation
comprises continental, massive sands with
clay intercalations (Short and Stauble, 1967).
The Akata Shale as the source rock and the
Agbada Formation as the reservoir sequence
(Adedapo et al., 2014, Jubril and Amajor,
1991), also Ako et al, (2004) reported that
Akata and lower Agbada Formations
constitute the major source rocks of the
Niger Delta. Oil is stored in sandstone facies
within the Agbada Formation, however,
turbidite sand in the Upper Akata Formation
is a potential target in deep water offshore
and possibly beneath currently producing
intervals onshore (Underdown and Redfern,
2008). Traps in Niger Delta fields are
structural although stratigraphic traps are
not uncommon, structural traps developed
during synsedimentary deformation of the
Agbada paralic sequence (Ajaegwu, 2012).
The primary seal rock in the Niger Delta is the

interbedded shale within the Agbada
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Formation, althuogh other mechanism such
as flank of a rollover may have contributed to
hydrocarbon accumulation (Waples and
Ramly, 2001). The alternating sandstone and
shale vary in thickness between 100ft to
1500ft, Sand is mainly the hydrocarbon
reservoir with shale providing lateral and
vertical seal (Short and Stauble, 1967).

The principal Hydrocarbon discoveries were
made within the transitional Agbada
Formation. Seimic surveys revealed that, oil
accumulation are structurally controlled by
roll-over anticlines and growth faults.
Hydrocarbon exploration exercise conducted
mid-1956 was successful and out of 261
wildcats well established, 136 discoveries
were made. Okan was the first commercial
field in the offshore, where as along the
onshore, Bomu field was the most
productive. Both the reservoir in Bomu and
Okan are water drive. Exploration activities in
Niger Delta remained a continous process
with a greater magnitude even beyond the
province but also extended to the basins

bordering the actual delta (Franki and Cordry,

1967). Hydrocarbon exploration in Niger
Delta province has developed since 1961, the
oil sector has continued to witness increasing
number of oil companies and increased
exploration activities and hydrocarbon
production for decades, predominantly in
the onshore area and recently extended to
the offshore. Nigeria ranked sixth in OPEC
and fourteenth globally amongs the oil
producers with 2.2% and 1.2% of world
discovered oil and ges respectively, it has a
reserve estimate of about 70 bboe.
Presently, about 1,300 exploration wells
were drilled, however, exploration in the
basin is facing major set back due to
community-related disturbances (Ejedawe,
2012). Well logs data revealed different
information  about the sedimentary
processes occurring within the basin.
Sediment traced to different
paleoenvironment shows some distinctive
log motifs, as such sedimentary facies
correlation and evaluation can be achieved

with interpreted well logs (Weber, 1971).
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Figure 1.1: A location map showing Niger Delta Basin where the oil wells were drilled modified after

Obiekezie 2014.

3.0 Methodology

3.1 Data Availability

The data used in this research work was base
on obtaining an electronic copies (LAS file) of
the wireline logs. The quality checks,
accuracy, content policy and confidentiality
remained the right of Department of
Petroleum Resources (D.P.R.) Nigeria. A
detailed petroleum geology and
petrophysical review of the entire Niger basin
based on

was periodically undertaken

request and approval of Federal Republic of

Nigeria.
3.2 Data Collection

The research data consists of a set of wireline
logs across five different wells conducted on
a sand reservoir within the Niger Delta basin.
The suite of field well logs includes, Gamma
ray, Resisitiviy (deep), Sonic, and Neutron
logs. Morever, the calculated field curves
used in this research work work are; Archies

Water saturation (Sw), Total porosity (PHIT),
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Bulk-volume water (BVW) and Shale volume
(Vsu). Hence, the Hydrocarbon potential of
the reservoir could be evaluated (Ishwar and

Bhardwaj, 2013).

3.3 Determination of Lithology from the

Wireline Logs

Table 3.1 shows an examples of gamma rays
response values of varoius lithological units,

while Figure 3.1 shows a direct correlation

between sedimentary facies and gamma ray
log response (different shapes). The
commonly identified basic log shapes are
funnel (coarsening upward), cylinder (blocky)
and bell (fining upward), shapes are further
subdivided into serrate (interbedded with
smooth

thin  shale) and (relatively

homogenous)  (Morton-Thompson  and

Woods, 1992).

Table 3.1: Lithological responses (Morton-Thompson and Woods, 1992)

Lithology

Gamma Ray Values (in API units)

Sandstone (quartz)

15-30 (rarely to 200)

Limestone 10-40
Dolomite 15-40 (rarely to 200)
Shale 60-150
Organic-rich shale 100-250
Anhydrite 8-15
Sylvite (KCL) 350-500
Coal 15-150 (any value possible)
Cylindrical Funnel Bell Symmetrical Serrated
GR- —~ GR. GR- GR- - GR- =
I . .
s " i Coarse & —
-:'IE\-'ﬂ.l 1 I,T]' & 3
Block Sharp -
Wil °P c
Shuary -
Ny & 5 A <
(-33::: T:th "-_:_3)
| | =
H <
—, Ik‘ Y
Aggradation Prograding Fetrogywling Agorouling
Bl Charae 1L S e el oiet b, chep o A
:fl.b:m.un:z cEnifoL. fromt, shoveface, tidal channel fill shelf, deepmarine
il Fﬂﬁ:?;r fll ot subimarine fan Lok tidal flat. slope

Figure 3.1: Direct correlation between facies and gamma log shapes relationship (Siddiqui et al., 2013).
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3.4 Estimation of Petrophysical Parameters

3.4.1 Volume Shale (Vsh)

The Gamma ray measures the natural
radioactivity present in the formation which in
turn identifies the formation basic lithology and
zones correlation by measuring shale volume.

Vyy= —Rlog—GRmin . Eqn. (3.1)

GRmax—GRmin

3.4.2 Porosity

Total and effective porosity are derived log value
calculated during the analysis from either sonic or
neutron porosity log or the combination of sonic
and neutron porosity log.

Sonic porosity log is calculated as;

0, = Atlog—Atmatrix
t Atfliud—Atmatrix

P, =0, x(1—Vsh) ... Eqn. (3.2i)

For sandstone formation Vma (ft/sec) is given as
18 or 19.5 while Atmatrix is 55.5 or 51 (us/sec).

3.4.3 Water Saturation (Sw)

Swis a derived log value calculated based on;
., . n R
Archie’s equation S,y = —] ...... Egn. (3.3)
t

Where S",=water saturation, Ry=resistivity of
connate formation water, @ = porosity from the
well log data, R; is the measured formation
resistivity from the well log data, n and m are
cementation

saturation  and exponent

respectively (Eyvazzadeh, et’al 2007).
3.4.4 Bulk-Volume Water (BVM)

Bulk-volume water is a derived log value which
represent the amount of water in a given
formation. It is presented quantitatively as the
product of water saturation and porosity;

BVW =0 xS ... Egn. (3.4)

Presented as either fraction or percentage,
where Sw = log-derived water saturation and
@ =log-derived porosity.

3.4.5 Hydrocarbon Saturation (Sw)

Hydrocarbon saturarion cannot be directly
measured but inferred from determination of
water saturation.

Sh=1-S..Eqgn. (3.5)

Figure 3.2 shows a diagrammatic process
workflow for basin and petroleum system
modelling.

3.5 Computer Interpretation

Interpretations of the petrophyiscal well logs
data was achieved using Schlumberger’s PETREL
E&P software 2013. The petrophysical field data
stored in a LAS file was imported to the software
as a new project under a new well, well heads
information was then added and subsequently
well path data was included. Well logs are later
imported including the log name, property
template, and unit of the desired petrophysical
properties uploaded on each track for the varoius
logs.

WELL LOG INTERPRETATION WORKFLOW USING
PETREL

e Load Petrel.

e Import well log data and well tops.

e Open a new well section window.

e load data in well section window.

e Openanew well log template.

e On new template define well properties,
Step 1: Insert a new track on template,
Step 2: On the new track insert a well log data,
say GR log
Step 3: Define log data limits, say Min 0 and Max
150 units for GR log
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Step 4: Define log property (Colour, line type,
thickness etc.)

Step 5: Apply cut-off where necessary say 0-70
Sand and 70-150 Shale for GR log,

Step 6: Repeat Process for adding another log
data say calliper log on the same track as GR log,
Step 7: Add new track and new well log say
Resistivity data and repeat steps 1-6 iteratively till
you are satisfied with outcome.

Data Loading &
Preparation

Interpret The

Lithology

ulate the
e Volume

e After editing template we go to the input
tab and edit the well cross section from
3D window and arrange wells relative to
one another.

e A complete well log section will be
displayed in the well section window for
all selected wells where we scroll thru to
study and identify zones of interest for
further studies.

Finish

Interpret the

Calculate the
Reflectivity

Coefficient

Figure 3.2: Flowchart for general well logs analysis in characterising an oil or gas reservoir.

COMMON ASSUMPTION IN WELL LOGS
INTERPRETATION

e |low GR, High density, Low porosity
(<0.3)=Limestone.

e |ow GR, Very low density, Very high
porosity=Coal.

e High GR, Moderate neutron porosity, High
density=Shale.

e High resistivity sitting over low resistivity
zones against a sand=0il above water.

e Density Neutron crossover=Gas.

e Cut-off values (Vclay>0.4, PHIe<0.10,
Sw>0.6).

5.0 Results and Discussions
5.1 Qualitative Interpretation

The total measured depth of well EMI-01 is 7072
ft. the result shows a total number of eleven
hydrocarbon bearing sand intervals namely A to
K (Table 4.1 and Fig. 4.1). Sand intervals A, B, E, F,
H, | and J are characterized as funnel-shaped
curves representing a prograding log expression,
while intervals C, D, G and K exhibit the
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symmetrical-shape curves representing a
prograding and retrograding log expression (Fig.
4.1) (Siddiqui et al., 2013). The intervals
encountered are of various thicknesses that
ranges between 5ft and 340ft. The direct
correlation between gamma ray log shape facies
and interpreted curves shows that the
environment of deposition is potentially related
to barriers bars, fluidal channel, and tidal channel
in the delta plain (Siddiqui et al., 2013).

The depth of investigation for EMI-02 well is
6559.7ft (Fig. 4.2). Gamma ray log interpretation
revealed some successive subsurface layers of
clean sand with alternating shale intervals,
pockets, dispersed and laminar clays observed
within the sand intervals (Fig. 4.2). Three
different sand intervals with good hydrocarbon
potentials were identified as zone A, B and C
across this well, with various thicknesses of 144ft,
26ft, and 23ft respectively (Table 4.2 and Fig. 4,2).
Interval A and B have complete serrated gamma
curves showing an aggrading log expression from
the gamma log shapes, interval C shows funnel
shaped curve, coarsening an upward trend, the
funnel shaped and serrated curves are typical
examples of beach/barrier bars and fluvial
floodplain (Siddiqui et al., 2013).

The well EMI-03 has a total measured depth of
7004 ft. the result shows various subsurface
layers of clean sand with alternating shale of
different thicknesses, the thickness ranged from
1300ft to 100ft for clean sand intervals, and from
300ft to 10ft for shale (Table 4.3 and Fig.4.3). The
analysis identified a total number of three
hydrocarbon bearing intervals with high water
saturation, fair porosity value and low shale
volume; intervals A and B have a thickness of
49ft and 42ft, while interval C has a thickness of
13ft (Table 4.3). Zone A and B displayed a fully
serrated gamma log shapes representing an
aggrading log expression, this is a typical
example of fluvial floodplain deep marine slope,
the interval C is characterised as funnel-shaped

curve, expressing a coarsening upward trend, a
typical example of beach sand, stream bars and
barrier bars (Siddiqui et al., 2013).

The lithology identification from wireline data
provides some useful information about the
successive subsurface layers identified within a
given well (Morton-Thompson and Woods,
1992). The electrical logs examination allows the
identification of hydrocarbon reservoir, gamma
ray and shale volumes curves showed various
sand intervals with alternating shale within the
three different studied wells. The sand intervals
across the studied wells extended laterally with
varying thicknesses at some points showing a
somewhat greater depth than the adjacent point,
this could be because of basin-wide structural
deformation. The alternating sand and shale
intervals pattern with corresponding variation in
their thicknesses particularly the increase of
shale volume with depth, could be attributed to
transition between Benin and Agbada formations
(Adedapo et al., 2014, Jubril and Amajor, 1991).
Analysis from resistivity logs and water saturation
curves allowed the delineation of several
hydrocarbon bearing intervals across the studied
wells, however due to the limited availability of
logs, two types of fluids; water and hydrocarbon
could be delineated (Eyvazzadeh, et’al 2007 &
Craft and Hawkins, 1991). Presence of finer grain
size, conductive substances and clays (laminar
shale and dispersed clays) could be another
reasons for low resistivity pay; this can cause
ambiguities in wireline log readings (Eyvazzadeh,
et’al 2007). The boundaries (top and base) of
hydrocarbon bearing intervals were defined
using resistivity curves and water saturation-
derived logs, the continuous alternating shale
layers to a lateral extend typically observed, is
sufficient to act as a baffle for hydrocarbon flow
(Short and Stauble, 1967). The lithology of all the
evaluated wells appeared broadly similar despite
the several distance, thus indicating that the
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sand intervals are in communications. The
effective porosity for all the encountered zones
were calculated with shale volume correction,
changes in environmental condition cause lateral
variation in porosity across various intervals
within the studied wells (Adel et al., 2004). The
gamma ray shapes from the gamma ray curves,
shows that the sand reservoir bodies across the
wells have funnel-shaped, bell-shaped, and

symmetrical bodies and are well serrated, thus

representing an aggrading, prograding and
retrograding log expression (Siddiqui et al., 2013).
the different prograding and

retrograding attributes exhibited by lithological

Because of

units, some of the hydrocarbon reservoir
intervals could not be correlated across the entire

wells.
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Figure 4.3: well section showing composite well logging curves across well EMI-03
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5.2 Quantitative Interpretation

Table 4.1 shows the results of some computed
petrophysical parameters for well EMI-01 in
hydrocarbon bearing intervals; A — K. As shown in
Table 4.1, eleven hydrocarbon bearing intervals
were encountered, interval K has the greater
thickness with relatively lower hydrocarbon
saturation, and the bulk-volume water value is
like the shale volume value, thus indicating
irreducible water saturation along the interval

(Fig.4.4). The zone with highest percentage of
hydrocarbon saturation is interval A, with a good
porosity, intervals C, D, F, G and H have relatively
lower oil saturation but with fair effective
porosity, they could produce a fair amount of
hydrocarbon (Table 4.1, Fig.4.4 and Fig.4.5).
Zone C, D, F and H have thickness of less than
10ft, however, the formation could be extended
interval, and as such the zones could be
considered much productive.

Table 4.1: Computed petrophysical parameters for well EMI-01

ZONE| HYDROCARB PAY Swifra PHiL Vsu PHIE | Su BVM
ON THICK | ¢) (frac.) (frac.) (%) (%) (frac.)
RESEERVOIR NESS

A 2708.5-27805 72 0.1326 0.3377 0.0721 31 87 0.0442
B. 2880528935 13 0.7631 0.3428 0.0419 33 24 0.2615

C. 4011-3016 5 0.8502 0.3424 0.0441 32 15 0.2911

D. 4387.5-43925 5 0.8433 0.3372 0.07117 31 16 0.2843

E. 45344549 15 0.6895 0.2960 0.2948 20 31 0.2040

F. 4645.5-4651.5 6 0.8278 0.3364 0.0834 31 17 0.2784

G. 4818548265 3 0.8819 0.3016 0.2507 23 12 0.2659

H. 4854548615 7 0.8201 0.3162 0.1782 26 17 0.2593

I 5645 —5681 36 0.4231 02734 0.1081 24 38 0.1156

T. 5893.5-5935.5 42 0.5538 0.2984 0.2271 23 43 0.1652

K. 5969 - 6009 340 0.8109 0.2821 0.2515 21 19 0.2287

X

>
£
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o
S
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o
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=1 B Zone
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Figure 4.4: Effective porosity for various pay zones encountered along well EMI-01
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Figure 4.5: Hydrocarbon saturation for various pay zones encountered along well EMI-01

Table 4.2: Computed petrophysical parameters for well EMI-02

S/N | ZONE | HYDROCAREON PAY Swifrac) | PHIT Ven PHE |5z |BVM
RESERVOIR THICHNESS (frac.) (frac.) ) e | (frag)

INTERVAL (ff) (Fr)
1.| A |2610-2754 144 02226 |03257 |0.1428 |28 78 0.0725
2.| B. |2761-2787 26 0.1830 | 03405 |0.0553 |32 82 0.0626
3| C. |4540-4563 23 03602 |0.3283 |0.0703 |30 64 01182

The interpretation of wireline logs across
Well EMI-02 shows three intervals A-C with
hydrocarbon potentials (Table 4.2). Both the

three zones have good thickness, porosity

and oil saturation (Fig.4.6 and Fig.4.7). Along
zone B the BVM curves relatively conform to
the volume shale curves; this could be

irreducible water saturation (Table 4.2).
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Figure 4.6: Hydrocarbon saturation for various pay zones encountered along well EMI-02
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Figure 4.7: Effective porosity for various pay zones encountered along well EMI-02

Table 4.3: Computed petrophysical result of well EMI-03

SN |ZONE |HYDROCARBON | PAY Sw PHIT Ven PHIE (%) | Sz (%) |BVM
RESERVOIR THICKNESS | (frac) (frac) (frac) (frac)
INTERVAL (Ft)

1 |A 28572906 49 0.8114 |0.3456 |0.02561 |34 19 0.2804

2 |B 3026 — 3068 12 0.7814 |0.3469 |0.0179 |34 22 0.2710

3 |C 6917 6930 13 09427 |02716 |0.1217 |23 6 0.2560

Based on the petrophysical analysis of the log
data and the interpretation curves, three
hydrocarbon bearing zones A, B, and C were
identified within well EMI-03 with a depth
range between 2857ft and 2906ft: 3026ft
and 3068ft, 6917ft and 6930ft and
thicknesses of 49ft, 42ft and 13ft respectively

(Table 4.3). The porosity and hydrocarbon
saturation for these three identified zones
are 34% and 19% for zone A, 34% and 22%
for zone Band 23% and 6% for zone C (Fig.4.8
and Fig. 4.8). The contrast between shale
volume fraction and bulk-volume water
fraction is a clear indication of movable water

(Table 4.3).
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Figure 4.8: Hydrocarbon saturation for various pay zones encountered along well EMI-03

The methodology as explained in chapter
three was chosen for both qualitative and
guantitative interpretations of the
delineated formations in all the studied wells.
Tables 4.1-4.3 represent the analysis results
of the interpreted petrophysical parameters
for each well. Values are picked from each
zone of interest in every well with
intermediate calculations for the various
parameters. Log-derived total porosity
including formation water in the shale layers
was corrected with calculation of effective
porosity (Tiab and Donaldson, 2012). The log
analysis shows that several sand intervals

have high porosities, up to 35% with other

interval indicating low porosities of 14%

(Tables 4.1-4.3). The minimum hydrocarbon
saturation across all the encountered
formation was 6% which is below the
threshold limit of hydrocarbon saturation in
porous media (10%) (Schowalter,1979).
However, the maximum hydrocarbon
saturation is 82%. At several intervals
encountered, bulk-volume water curves
support the shale volume curves, indicating
irreducible water saturation (Franklin 2005).
These interpreted parameters have been
subjected to statistical analysis by computing
their values across all the delineated
reservoirs encountered across the field

boundary.
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Figure 4.9: Hydrocarbon saturation for various pay zones encountered along well EMI-03

HYDROCARBON RESERVOIR ANALYSIS

Table 4.4: Summary of petrophysical parameters for the identified hydrocarbon reservoirs

Reservoir Interval Thickness | Sh(frac.) | PhiE (%) Sh (%) Vsh BVM
(ft.) (ft.) (frac.) (frac.)
AA 2610-3068 40.4 0.4765 30 50 0.0643 0.0571
BB 4011-4690 16 0.6491 26 33 0.1981 0.2085
CcC 5305-6930 61 0.5769 20 40 0.2057 0.1565

These various hydrocarbon bearing zones across
the studied wells have been quantitatively
categorized into three distinctive reservoirs.
These
analysed could trace their lateral extent within

reservoirs, when comprehensively
the oil field where these wells were logged.
Reservoir AA, situated between intervals 2610ft
to 3068ft, has an average pay thickness of 40.4ft
and extended laterally across all the wells (Table
4.4). Reservoir BB, encountered along interval
4011ft to 4690ft has an average pay thickness of
16ft but apparently extended across well 1 and 2
(Table 4.4). The deepest reservoir situated

between interval 5305ft to 6930ft has an average

pay thickness of 61ft and extended laterally
across well 1 and 3 (Table 4.4). The petrophysical
analysis of these reservoirs shows that all the
three reservoirs have higher potential of
hydrocarbon production. However, the minor
contrast between the fraction of shale volume
and bulk-volume water across all the reservoirs
could be as the result of insignificant movable
The

hydrocarbon saturation, effective porosity and

formation  water  present. average

bulk-volume water for reservoir AA, BB and CC,
are 50%, 30% and 0.0571; 33%, 26% and 0.2085;
and 40%, 20% and 0.1565 respectively (table 4.4).
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The various sand zones encountered across all
the wells consist of point bar sandstones with
alternating shale continuously interbedded, this
lithology is reported to occur within the Agbada
formation (Short and Stauble, 1967). The
calculated porosity across all the reservoirs
shows considerable decrease with depth, and to
a lesser extend with depth of burial and varying
shale contents, this is agreeing with the reported
porosity history of clastic deposits (Tiab and
Donaldson, 2012). The average water saturation
shows complex variation, as though tend to
increase from reservoir AA to reservoir BB, but
decreases from reservoir BB to reservoir CC. The
average thickness of the pay zones appears to be
somewhat randomly varying, as it becomes
thinner toward interval 4011ft to 4690ft (16ft)
along reservoir BB but reaches 61ft along the
interval 5305ft to 6930ft across reservoir CC,
which  has the thickest sand formation.
Understanding fluid saturation is of great
importance in all stages of reservoir management
and optimization (Craft and Hawkins, 1991).
During production reservoir fluid saturation
changes significantly with time this is due to
either the development of new phase (free gas or
condensate liquid) or introduction of some
driving fluid (water or gas) in enhancing recovery
(Satter et al., 2007).

6.0 Conclusions

The lithology of subsurface sedimentary layer
across the studied wells is composed mainly of
alternating sequence of sand and shale, these
similarities in lithology across the different wells
is an indication that the wells are likely in
communication within the oil field.

The values of effective porosity and
hydrocarbon saturation of the hydrocarbon
bearing zones are good enough for commercial
accumulation and production of hydrocarbon.

The sand rich layers decrease with
corresponding increase in burial depth and
shale content, this pattern is commonly
associated with compaction and transition
particularly in Niger Delta Basin along the Benin
Formation and Agbada Formation.

The direct correlation between facies and
gamma log shapes relationship has evidently
supported the tentative interpretation of paleo-
depositional environment of the Niger Delta
Basin.

The petrophysical analysis of wireline logs data is
useful in reservoir evaluation and delineation of
hydrocarbon bearing zones.

Porosity, fluid saturation, bulk-water volume,
and shale content are amongst the most
important parameters in formation evaluation,
reservoir description and characterisation.

Understanding the petrophysical parameters of
the subsurface sedimentary layers can serve as a
prelude for different fields in explicit oil and gas
project but should be considered relevant in
basic hydrocarbon exploration exercise.

Information from open hole measurements are
not sufficient enough for costly decision in oil and
gas project, an integrated approach in formation
evaluation involving rock and fluids analysis, well
logs and reservoir data remain the ideal tool in
hydrocarbon exploration and production.

REFERENCES

Adaeze, U. I., Samuel, O. O., and Iwuagwu,
C. J. (2012). Petrophysical evaluation of uzek
well using well log and core data, Offshore


timothybata@outlook.com
Typewritten text
641


Dahiru, Danjuma et al. / Science Forum (Journal of Pure and Applied Sciences) 23(2023)

Depobelt, Niger Delta, Nigeria. Advances in
Applied Science Research, 3(5), 2966-2991.

Adel, B., Al-Farisi, O., Al-Ghusain, S., Al-
Muntheri, H., Al-Marzougi, M., and
Petricola, M. (2004, January 1). Comparing
the Accuracy of Fluid Saturation Derived
from Different Logging Measurements: Past,
Present and Future Methodology. Society of
Petroleum Engineers. doi:10.2118/88712-
MS

Alaegwu, N. E., Odoh, B. I., Akpunonu, E.
0., Obiadi, I. 1., and Anakwuba, E. K. (2012).
Late  Miocene to Early Pliocene
Palynostratigraphy Of ANE-1 Well, Eastern
Niger Delta, Nigeria. Jounal of Mining and
Geology, 48(1), 31-43.

Assaad, F. A. (2009). Field Methods for
Petroleum  Geologists: A  Guide to
Computerized Correlation Charts
Application in North Africa. Tuscaloosa:

Springer.

Badiru, A. B., and Osisanya, S. O. (2013).
Project Management for Oil and Gas
Industry: A World System Approach. Boca
Raton: CRC Press.

Berg, P. C., Pedersen, E. S., Lauritsen, A.,
Behjat, N., Hagerup-Jenssen, S., Howard,
S, . . . Turner, J. (2007). Drilling,
Completion, and Open-Hole Formation
Evaluation of High-Angle HPHT Wells in

High Density Cesium Formate Brine: The
Kvitebjorn Experience, 2004-2006. Society
of Petroleum
d0i:10.2118/105733-MS

Engineers.

Chardac, J.-L., Petricola, M., Jacobsen, S.,
and Dennic, B. (1996). In search of
saturation. Miiddle East Well Evaluation
Review, 17, 22-37.

Craft, B. C., and Hawkins, M. (1991).
Applied Petroleum Reservoir Engineering
(2nd ed.). New Jersey: Prentice Hall, Inc.

Dake, L. P. (2001). The Practise of

Reservoir. Oxford: Elsevier.

Dandekar, A. Y. (2013). Petroleum Reservoir
Rock and Fluid Properties. Boca Raton: CRC

Press.

Darling, T. (2005). Well Logging and
Formation Evaluation. Oxford: Elsevier Inc.

Donaldson, E. C., and Tiab, D. (2012).
Petrophysics: Theory and Practice of
Measuring Reservoir Rock and Fluid
Transport Properties (3rd ed.). Oxford: Gulf

Professional Publishing.

Economides, M. J., Hill, A. D., Ehlig-
Economides, C., and Zhu, D. (2013).
Petroleum Production Systems. New Jersey:

Pearson Education, Inc.

642


timothybata@outlook.com
Typewritten text
642


643

Dahiru, Danjuma et al. / Science Forum (Journal of Pure and Applied Sciences) 23(2023)

Ejedawe, J. (2012, May). archives.aapg.org.
Retrieved March 15, 2015, from AAPG
EXPLORER:
http://archives.aapg.org/explorer/2012/05ma
y/regsec0512.cfm

Eyvazzadeh, R. Y., Bradford, C., Kersey, D.
G., and Al-Waheed, H. H. (2007, January 1).
Optimized Formation Evaluation: A New
Technique To Enhance Openhole Log
Assessment of Pay and Producibility. Society
of Petroleum

d0i:10.2118/110101-MS

Engineers.

F.Oyedele, K., Oladele, S., Ogagarue, D. O.,
and Bakare, K. (2012, June). Sequence
stratigraphic  approach to hydrocarbon
exploration in Bobsaa field, onshore Niger
Delta. journal of Petroleum and gas
Exploration research, 2(6), 106-114.

Fatemi, S. M., and Sohrabi, M. (2013).

Recovery  Mechanisms and  Relative
Permeability for Gas/Oil Systems at Near-
Miscible Conditions: Effects of Immobile
Water Saturation, Wettability, Hysteresis,
and Permeability. Energy & Fuels, 2376-

23809.

Franki, E. J., and Cordry, E. A. (1967). The
Niger Delta Oil

Developments Onshore and Offshore. World

Province: Recent

Petroleum Congress.

Franklin, M. H. (2001). Hydrocarbon
Prospecting Using 'Quick-look’ Bulk-
Volume Water. Oklahoma Geological Survey
Circular, 104, 197-205.

Ishwar, N. B., and Bhardwaj, A. (2013).
Petrophysical Well Log Analysis for
Hydrocarbon exploration in parts of Assam
Arakan Basin, India. 10th  Biennial
International Conference & Exposition (pp.
153-158). India: Society of Petroleum
Geophysicists.

Ite, A. E., Ite, M. U., Ibok, U. J., and Petters,
S. W. (2013). Petroleum Exploration and
Production: Past and Present Environmental
Issues in the Nigeria’s Niger Delta. American

Journal of Environmental Protection, 78-90.

Jahn, F., Cook, M., and Graham, M. (2008).
Hydrocarbon Exploration And Production.
Oxford: Elsevier BV.

Jahn, F., Cook, M., and Graham, M. (2008).
Hydrocarbon Exploration and Production
(2nd ed., Vol. 55). Oxford: Elsevier BV.

Jubril, M. A., and Amajor, L. C. (1991). The
Afam clay member; a lower miocene incised
channel in tje south-eastern Niger Delta.
Journal of Marine Petroleum Geology, 8,
163-173.

Kozhevnikov, D., and Kovalenko, K. (2010,

January 1). Petrophysical Invariance


timothybata@outlook.com
Typewritten text
643


Dahiru, Danjuma et al. / Science Forum (Journal of Pure and Applied Sciences) 23(2023)

Adaptive  Well  Log
Interpretation.  Society of  Petroleum
Engineers. doi:10.2118/135977-MS

Principle  in

Lee, J,, and Sldle, R. (2010). Gas-Reserves
Estimation in Resource Plays. SPE

Economics & Management, 86-91.

Levorsen, A. I. (1967). Geology of
Petroleum. (F. A. Berrry, Ed.) San Francisco:
WH Freeman.

Lyons, W. C., and Plisga, G. J. (2005).
Standard Handbook of Petroleum and
Natural Gas Engineering (2nd ed., Vol.
Volume 5). Oxford: Gulf Professional

Publishing.

Mahdavi, M., Olesen, J.-R., Preeg, B.,
Bhasin, M., and Watfa, M. (1989, April 1).
Pulsed-Neutron News. Schlumberger

Oilfield Review, 1(1), 43-53.

Majid, A. A., and Worthington, P. F. (2012,
October  1).

Evaluation Of Thin Hydrocarbon Reservoir

Definitive  Petrophysical

Sequences. Society of Petroleum Engineers.
doi:10.2118/163071-PA

Moore, W. R., Ma, Z. Y., Urdea, J., and
Bratton, T. (2011). Uncertainty Analysis in
Well-log and Petrophysical Interpretations.
AAPG Memoir 96, 17-28.
d0i:10.1306/13301405M963478

Morton-Thompson, D., and Woods, A. M.
(1992). Development Geology Reference
Manual: AAPG Methods in Exploration
Series, No. 10.

Association of Petroleum Geologist.

Danvers: American

Nind, T. E. (1989). Hydrocarbon Reservoir
and Well Performance. New york: Chapman
and Hall.

0., A. J., Ikpokonte, K., and Schoeneich, K.
K. (2014, September). An Estimate of Oil
Window In Niger Delta Basin from Recent
Studies. American International Journal of
Contemporary Research, 4(6), 114-117.

Parasnis, D. S. (1997). Principles of Applied
Geophysics. London: Chapman & hall.

Peters, K. E., Curry, D. J., and Kacewicz, M.
(2012). Basin Modeling: New Horizons in
Research and Applications. Danvers: AAPG
Hedberg.

Petrofag. (2013, January 21). Petrofaq
Organisation. Retrieved from
http://petrofag.org:

http://petrofaq.org/wiki/Petrel_Data_Import

Reijers, T. J., Petters, S. W., and Nwajide, C.
S. (1996). The Niger Delta Basin. Warri:

SPDC corporate reprographic services.

Satter, A, Igbal, G. M., and Buchwalter, J. L.

(2007). Practical Enhanced Reservoir

644


timothybata@outlook.com
Typewritten text
644


645

Dahiru, Danjuma et al. / Science Forum (Journal of Pure and Applied Sciences) 23(2023)

Engineering:  Assisted with  Simulation

Software. Oklahoma: PennWell Corporation.

Schoeneich, K., and Kurowska, E. (2010).

Geothermal  Exploration in  Nigeria.
Proceedings of World Geothermal Congress,

(pp. 25-29). Bali.

Schowalter, T. T. (1979). Mechanics of
secondary hydrocarbon migration and
entrapment. AAPG bulletin, 63(5), 723-760.

Schowalter, T. T., & Hess, P. D. (1982).
Interpretation of Subsurface Hydrocarbon
Shows. AAPG Bulletin, 66(9), 1302-1327.

Serra, O. (1984). The Acquisition of Logging
Data (Ist ed.). Amsterdam: Elsevier Science
Publishers B. V.

Sheriff, R. E., and Daukoru, E. M. (1995).
Exploration seismology: Press syndicate of

the University of Cambridge. Cambridge.

Short, K. C., and Stauble, A. J. (1967).
Outline of Niger Delta. American
Association of Petroleum Geologist Bulletin,

51(5), 764-772.

Siddiqui, N. A., EL-Ghali, M. A., Abd
Rahman, A., Mijinyawa, A., and Ben-
Awuah, J. (2013, June 13). Depositional
Environment of Shallow-Marine Sandstones
from Outcrop Gamma-Ray Logs, Belait
Formation, Meragang Beach, Brunei

Darussalam. Research Journal of

Environmental and Earth Sciences, 6(5),
305-324.

Smith, H. D., Arnold, D. M., and Peelman, H.
E. (1983). APPLICATIONS OF A NEW
BOREHOLE CORRECTED PULSED
NEUTRON CAPTURE LOGGING
SYSTEM (TMD*). SPWLA 24th Annual
Logging Symposium (pp. 1-16). Alberta:
SPWLA.

Spencer, M. C., Elkington, P. A., and Spratt,
D. L. (2002). The Development and Testing
of A Garaged Open Hole Logging System for
High Angle Wells and Bad Hole Conditions.
Society of Petroleum

doi:10.2118/77560-MS

Engineers.

Threadgold, P. (1972, March 1). Some
Problems And Uncertainties In Log
Interpretation. Society of Petrophysicists and

Well-Log Analysts.

Tiab, D., and Donaldson, E. C. (2012).
Petrophysics: Theory and Practice of
Measuring Reservoir Rock and Fluid
Transport Properties (3rd ed.). Oxford: Gulf

Professional Publishing.

Timur, A. (1982). Open Hole Well Logging.
Society of Petroleum Engineers, 639-674.
doi:10.2118/10037-MS


timothybata@outlook.com
Typewritten text
645


Dahiru, Danjuma et al. / Science Forum (Journal of Pure and Applied Sciences) 23(2023)

Timur, A. (1991, January 1). Advances in
Open Hole Well Logging. World Petroleum
Congress, 10, 425-435.

Underdown, R., and Redfem, J. (2008).
Petroleum generation and migration in the
Ghadames Basin, north Africa: A two-
dimensional basin-modeling study. AAPG
bulletin, 92(1), 53-76.

Wahl, J. S., Nelligan, W. B., Frentrop, A. H.,
Johnstone, C. W., and Schwartz, R. J. (1970,
December). The Thermal Neutron Decay
Time Log. Society of Petroleum Engineers,
10(04), 365-379. d0i:10.2118/2252-PA

Waples, D. W., and Ramly, M. (2001). A
statistical method for correcting log-derived
temperatures.  Journal of  Petroleum
Geoscience, 7, 231-240.

Weber, K. (1971). Sedimentological aspects
of oil fields in the Niger Delta. Geologie en
Mijnbouw, 50, 559-576.

646


timothybata@outlook.com
Typewritten text
646


