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ABSTRACT

Petro physical parameters from hydrocarbon producing wells have been derived and
interpreted to predict the production capacity and performance of the wells. Porosity, permeability,
water saturation, reservoir thickness and shale volume were the reservoirs parameters calculated
for each hydrocarbon bearing zone delineated from the two wells (W1 and W2) in the Niger Delta
oil field. Twelve reservoirs were delineated, correlated and ranked using average results of the
derived petrophysical parameters. The averages of estimated petrophysical properties were found
to be 20.14% porosity, 1643.65mD permeability and 63.20% hydrocarbon saturation for W1 and
15.55% porosity, 1582.58mD permeability and 61.93% hydrocarbon saturation for W2. Recoverable
oil reserve was 148.45MMBB for W1 and 145.91MMBB for W2. From these results, it was deduced
that W1 would be more productive than W2 in terms of oil accumulation.
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INTRODUCTION

Petroleum reserves are the amounts
of hydrocarbons found inside the Earth’s crust.
When assessing resources, the main aim is to
find out how much can be extracted and sold,
but resource evaluations focus on what can be
found and put to use by the industry. A petroleum
resource management system provides a consistent
method for recording petroleum volumes, analyzing
prospects for development and displaying the results

in a formal structure. Every hydrocarbon that has
been produced and held underground before any
mining is part of the total oil and gas resource base.
A large part of today’s petroleum is beyond the reach
of known or anticipated technology. Both recoverable
and non-recoverable minerals are often very hard to
extract because they are so spread out in the Earth’s
crust-using mining or energy-demanding techniques
such methods do not produce more energy than
they require. BOecause of technological barriers,
economic issues or other physical complications,
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some hydrocarbons that exist in profitable quantities
cannot be retrieved, despite efforts to do so.

In the petroleum industry, accurately
predicting reserves is very important according to."
As a part of this process, engineers count how much
hydrocarbons can be economically extracted from a
certain region. Professionals use the material balance
method, the volumetric method and the performance
method to estimate reserves. Geological models
are developed in the volumetric method by using
data taken from drilled wells and seismic surveys.
The analysis of well logs leads to the calculation
of porosity, water saturation and net hydrocarbon
thickness. Seismic information allows geologists
to picture the subsurface area and measure the
amount of each reservoir. By reading data from fluid
samples such as reservoir pressure, fluid volumes
and temperature, we estimate how the oil and gas
will change between its deep underground condition
and conditions above the surface. Results from the
data are put into standard calculations to determine
the amount of hydrocarbons present. Next, using
recovery factor equations, both the valued reserves
and the probable reserves are estimated. Volumetric
methods are often applied, but how well they
measure is affected by the environment and the
quantity and quality of accessible information. One
should compare photo-interpreted oil volumes with
actual production data early on in development. With
the performance method, reserves are predicted
using both mathematical models and graphical
plots, mainly by means of production decline
curve analysis and material balance. Typically,
the petroleum industry uses these techniques to
assess and predict outcomes for a single well, a
whole reservoir or an entire production field. When
production and pressure data are collected from a
field, reserves are most often estimated through
decline curve analysis and by applying material
balance. In addition, they should be used selectively
when a field’s resources first begin to be used up.

Carrying out decline curve analysis calls
for an extensive amount of constant production
data. Stable bottom-hole pressures are required for
more reliable results. Unlike coiled tubing methods,
gas wells often get uneven back-pressure changes,
causing changes in how much they produce which
lowers their dependability. It is a plot of production
against time, created on semi-log paper, so both

axes are not the same. If the data are found on a
straight line, it means there is a constant cut to the
amount of production. An upward bend means the
curve follows a hyperbolic decline, while harmonic
decline is a form of this. Many in the industry use
decline curve analysis as a key tool for forecasting
output. They estimate what fluids can be taken out of
the reservoir by closely studying pressure fluctuations
during the process. Schilthuis introduced the basic
material balance equation in 1939 which regards
the reservoir as a tank and helps reservoir engineers
learn valuable details. The equation balances oil and
gas expansion, connate water expansion, changes
in pore volume, water and gas injection and water
influx, all of which make up the total fluids produced.
There is some uncertainty about estimates derived
using this method. If only a single "best guess" is
possible with the supplied geological, engineering and
economic data, the method is known as deterministic.
By contrast, if a range and the potential probabilities
are found from the same data, this process is called
the probabilistic approach.?

Oil or gas content in reservoir rock is
controlled by its porosity and the proportion of
hydrocarbons it holds. In addition to assessing
hydrocarbons, the thickness and area of the reservoir
must also be known to evaluate the commercial
potential of the block. The performance of hydrocarbon
reservoirs also depends on petrophysical features,
including lithology, porosity, water saturation,
permeability and density. Although seismic sections
are useful for locating hydrocarbon accumulations,
better results come from examining petrophysical
data from the field. In this process, we concentrate
on detecting porous and permeable layers, finding out
their thickness, how widely they spread laterally and
their shape. Petrophysics is the branch that studies
how rock properties and their relationships with fluids
give rise to formation evaluation.® To do this, engineers
examine the data from boreholes to check the physical
characteristics of the underlying ground.* The majority
of today’s oil and gas comes from reservoir rocks,
depending on the geological history and these are
filled with pores. It is by the interaction between the
pore spaces and the pore throats that we determine
the hydrocarbon saturation in a reservoir. Estimating
how much oil or gas is in the reservoir requires
knowing its thickness, the percentage of pore space it
has and its size.5 A few studies have been carried out
within the Niger Delta basin around the subject theme
of the present study. Ihianle et al., (2013)® investigated
reservoir quality from well log and seismic data from
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“X-Y” field in the onshore Niger Delta basin. Salami
et al., (2018)° also investigated the hydrocarbon
potential of Baze field in the onshore Niger Delta
basin. Beyond the Niger Delta sedimentary basin,
Farzaneh et al., (2025)7 investigated hydrocarbon
potentials in the Zagros fold thrust belt in Iran and
Similarly, Saffari and Kianoush (2025)8 integrated
petrophysical properties in estimating hydrocarbon
potential and reservoir characterization in the Zagros
area of Iran.

Geology of Study Area

In a report by Tuttle et al., (1999)°, the Niger
Delta Basin sits along the passive continental margin
in the Gulf of Guinea, west of Nigeria and formed
from vertical actions known as extensional tectonic
processes. It covers the whole Niger Delta as mapped
out by'. Starting in the Eocene, the delta moved
southward and this led to the development of several
depobelts showing where the delta changed most
during its history," with an area of about 300,000
square kilometers and 500,000 cubic kilometers of
sediment built up, these depositional basins form
one of the most extensive seaward-building delta
systems worldwide.'>'3'4 All the petroleum activity
in the province is based on the Tertiary Niger
Delta (Akata—Agbada) petroleum system, as first
described in'®'2'¢. The USGS discovered that the
Niger Delta is ranked number twelve in the world
for the richest petroleum resources, with 2.2% of
the total discovered oil and 1.4% of the discovered
natural gas.'” Specific study wells are found at 5° 57"
37.8259" N, 5° 40' 37.2805" E and 5° 58' 5.6227" N,
5° 40' 36.1624" E in the southern area of the Niger
Delta. The study site is located in Ovade, Oghara,
part of the Ethiope West Local Government Area of
Delta State (see Figure 1).

Fig. 1. Map of the study area (Ovade axis of Oghara town)
in Delta State, Nigeria

The stratigraphic column of the study area
is the same with the general stratigraphy of the Niger
Delta sedimentary basin. This could be studied or
probed further from the literatures cited above.
Fig. 2 gives a stratigraphic column of the study area
and by extension the Niger Delta basin after the
works of Doust and Omatsola (1990)18.

Fig. 2. Stratigraphy showing the formations in study area
and by extension in the Niger Delta sedimentary basin
(After the works of Doust and Omatsola; 1990)'®

MATERIALS AND METHODS

The materials used for the study comprised
of suites of logs from two (2) wells, these logs
include; the gamma ray, density, spontaneous
potential and resistivity logs. These logs were
analyzed with Schlumberger Petrel petrophysical
and analysis tool and MS Excel programs to
study the well performance of the reservoirs in
the field. The empirical relations (methods) used
in the computation of all reservoir properties are
presented below.

Methods: Calculation of Petrophysical Parameters
Shale Volume (V)

Using the gamma ray log, shale volume
was worked out by first determining the gamma ray
index. Since, as reported by Larionov'®, the Niger
Delta comprises Tertiary rocks, the calculation of
shale volume was carried out with the equation
for Tertiary formations. The Niger Delta petroleum
systems are found in typical sandstone reservoirs
which are of Tertiary age from chronological studies,
therefore, the Larionov model'® for shale estimation
which applies to Tertiary aged rocks became the
best approximation for our study.

(1)
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Where V_, is the shale volume.
Total Porosity

Total porosity was calculated from density
porosity log using the equation:

)

Where P__ is matrix density which is taken
to be 2.65g/cc for sandstones according to Dresser.®
Pb is bulk density read directly from the log, Pris the
fluid density taken to be 1 for gas and 0.87 for oil.

Effective Porosity

Most of the time, effective porosity is
calculated by adjusting total porosity for the
estimated shale volume (content).

(3)
Where

0, = effective porosity, o, = total porosity, 0, = log
reading in a shale zone and V_, = Shale volume.

The guide for classifying porosity is shown
in Table 1:

Table 1: Classification of porosity
values to Baker?'

Porosity value Classification

0<0.05 Negligible
0.05<0<0.1 Poor
1.0<0<0.15 Fair
0.15<0<0.25 Good
025<0<0.3 Very Good

0>0.3 Excellent

Water and Hydrocarbon Saturation
The water saturation Sw for the uninvaded
zone was determined using the Archie equation:

(4)

Recalling that F = R /R, equation 4 becomes
(5)
S, = water saturation of the uninvaded

zone, R, = Resistivity of formation at 100% water
saturation, R = True resistivity of the formation and

F = formation factor
Alternatively,
Water saturation can be written as:
(6)

Where n = saturation exponent taken as 2
and a = tortuosity.

Hydrocarbon saturation Sh is given as
(7)

Permeability and Irreducible Water Saturation
The permeability was calculated from the
equation:

(8)
Where S, = Irreducible water saturation.

Irreducible water saturation is also known
as critical water saturation which defines the
maximum water saturation that a formation with a
given permeability and porosity can retain without
producing water.

9)
Where F = formation factor and
(10)
Reserve Estimation
The volumetric method for estimating

reserves was utilized in this work. This method
calculates the amount of oil in place (N,).

(11)
V, = Bulk reservoir volume, RB.
RB = 758Ah

Where 7758 is a constant, conversion factor
from acre-ft to barrel.

(12)
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S, = average oil saturation fraction

S

Recall however that, S = 1-S

(13)

In equation 13, A = Reservoir area,
acres, h = average reservoir thickness, fraction
(pay thickness from petrophysics), S, = Water
saturation, B, = oil formation volume factor at
reservoir pressure P,RB/STB.

The concise processing workflow adopted
in the comprehensive reservoir performance
evaluation study is summarized in Fig. 3 below;

Fig. 3. Research methodology summarized in a detailed
processing workflow

RESULTS

Having satisfactorily analyzed the available
data from the wells to map horizons, delineate
lithologies (sandstone and shale) as well as
estimate relevant petrophysical properties (porosity,
permeability, shale volume, water and hydrocarbon
saturation and net-to-gross ratio), the results are
hereby presented. Fig. 4 shows a plot of variations
in hydrocarbon reservoir properties for wells 1 and 2
in terms of net pay thickness, volume of shale, water
and hydrocarbon saturation and porosity.

Hydrocarbon Potentials of Wells W1 And W2

Fig. 4. Variations of reservoir petrophysical properties
in W1 and W2

Figure 5 depicts a graphical plot of total
porosity versus depth for W1 while Fig. 6 shows a
graphical representation of effective porosity versus
depth for W1.

Fig. 5. A plot of Total Porosity versus Depth for W1

Fig. 6. Plot of Effective Porosity versus Depth for W1
Figure 7 is a graphical plot of total
porosity versus depth for W2 while Fig. 8 shows
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the graphical plot of effective porosity versus depth
for W2.

Fig. 10. Permeability versus Depth plot of W2
Figures 11 and 12 are compound
graphical plots for all reservoir properties
estimated versus depth for well 1 (W1) and well 2
(W2) respectively.

Fig. 7. A plot of Total Porosity versus Depth for W2

Fig. 8. A plot of Effective Porosity versus Depth for W2
Figure 9 represents a graphical plot for
permeability versus depth plot for W1 while Fig. 10 Fig. 11. Plot of Water Saturation, Volume of Shale,
. . Total and Effective Porosities versus Depth for W1
is the plot of the same petrophysical parameter as
a function of depth also for W2.

Fig. 12. Plot of Water Saturation, Volume of Shale,
Fig. 9. Permeability versus Depth plot of W1 Total and Effective Porosities versus Depth for W2
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A block table (Table 2) gives a summary
of average petrophysical properties for Wells
1 and 2. These parameters would aid in the
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subsequent oil reserve computations which will
be presented in the next discussion of results
section.

Table 2: Summary of Average Petrophysical Properties of W1 and W2

WELLS  NTG(%) (%) (%) (%) (APl)  (API) (mD) (%) OWC(ft)  STOOIP(STB)
w1 85.6 121 3680 6320 329 163.97 163465 20.14  10016.75
w2 69.5 3412 3807 6193 876 259.1 1582.58  15.55 9964
DISCUSSION productive. Hydrocarbon saturation is dependent

We have satisfactorily processed and
analyzed the available well datasets to map horizons,
delineate lithologies (principally sandstones and
shale) and as well to estimate relevant petrophysical
properties namely; porosity, permeability, shale
volume, water saturation, hydrocarbon saturation
and net-to-gross ratio. As observed in Fig. 4-8,
Porosities decreases as the depth increases except
effective porosity for W2 (Fig. 8) in which porosity
increases as depth increases as a result of low
compaction or more non-interconnected pores
spaces in the well. Fig. 5 show the distribution of fine
interconnected pores in well 1 and the purple band
on the map represent the few non-interconnected
pores. The yellow band on Fig. 7 indicates non-
interconnected pore spaces. From the result, well 1 is
more porous than well 2; therefore a correspondingly
high permeability is expected. This expectation is
consistent with the results obtained from our study
as average permeability for W1 was 1634.65mD
while that of W2 was 1582.58mD which represents
a significant increase.

Permeability depends on porosity (increase
in porosity increases permeability). The trend lines in
Fig. 9 and Fig. 10 show the decrease in permeability
as depth increase but Well 1(Fig. 9) is sloppier than
that of Well 2 (Fig. 10) meaning Well 1 is with a
higher permeability than Well 2 as reported in Table
1. Both wells have excellent permeability which is
a property of highly prolific reservoirs. Variation of
volume of shale in Well 1(Fig. 11) is more discrete
(disperse) than that of Well 2 but manages to have
a trend showing a slight decrease in volume of
shale as depth increases and almost parallel to
the depth axis. Well 2 shows a steeper slope than
Well 1, where the trend line decreases from top
left to down right with a maximum value at about
9990ft. Well 2 contains more shale than Well 1 at
a deeper depth, hence Well 2 is less hydrocarbon

on water saturation (Equation 7). Less water
saturating a formation increases the percentage of
hydrocarbon saturating the same formation. Water
saturation increases with depth (Fig. 11 and Fig. 12).
From the following, it is inferred that well 1 is more
concentrated with hydrocarbon than Well 2 as their
respective hydrocarbon saturations is stated on Table
2. The reservoir quality is similar to other reservoir
systems reported by Ihianle et al., (2013)% in “X-Y”
field of Niger Delta and Salami et al., (2018)® in
Baze field, Onshore Niger Delta basin. The results
obtained have shown that the reservoir systems
within the field are very good for exploitation and
this will inform the engineering teams to carry out
their detailed engineering prognosis based on the
finding of the present study.

Oil Reserve Estimation

The estimation method used for this
study is volumetric estimation of reserve. This
volumetric estimation of hydrocarbon reserves
involves the integration of various petrophysical data.
Petrophysical parameters such as porosity, water
saturation and hydrocarbon saturation have already
been calculated.

Estimating Oil Reserve for Well 1
For W1

Stock Tank Original Qil in Place, STOOIP
=52.04 x108 STB

=52.04 x10° x 6.29
=329.59 x 10° BBL
= 329.59MMBBL

Where 1 STB (m?) = 6.29 BBL (conversion
factor from STB to BBL)
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Original Qil in Place, OOIP = STOOIP x B,

Given B, as 1.2RB/STB

OOIP = 62448000RB = 62.448MMB (Recoverable)

From equation 13

From Table 2 0 = 0.2014, Sh = 0.603 and h1=215ft

h, is total thickness of the six reservoirs in well 1

=5.0029 x 10° m®
0.0283168 md/ft?
V1=1.766 x 107 ft°

Qil recovery factor (RF) = 45% = 0.45 as
given by Shell Petroleum Development Company.

Oil Reserve = STOOIP x RF
Oil Reserve = 329.59MMBBL x 0.45

Oil Reserve = 148.455MMBBL (Recoverable)
Estimating Oil Reserve for W 2

STOOIP of well 2 is =51.55 x106STB
=51.55 x 106 STB x 6.29

=324.25 x 106

= 324.25MMBBL

Where 1 STB (m?) = 6.29 BBL (conversion
factor from STB to BBL)

OOIP = STOOIP x Bo

Given B, as 1.2RB/STB

OOIP = 61860000RB = 61.86MMB

From equation 13

From Table 2, 0 =0.1555, Sh=0.6193 and
h2 =173ft

h, is total thickness of the six reservoirs in Well 2

V, =624309.5997 = 6.24 x10° m®
V, =6.24 x 105 m® + 0.0283168 m/ft®
V=22x107ft?

Qil recovery factor (RF) = 45% = 0.45 as
given by Shell Petroleum Development Company.

Oil Reserve = STOOIP x RF

Oil Reserve = 324.25MMBBL x 0.45

Oil Reserve=145.91MMBBL (Recoverable)
CONCLUSION

Petrophysical parameters from producing
wells have been derived and interpreted to predict
the production capacity and performance of the wells.
Porosity, permeability, water saturation, reservoir
thickness and shale volume were the reservoirs
parameters computed for each hydrocarbon bearing
zone delineated from the two wells (W1 and W2)
in the Niger Delta oil field. Twelve reservoirs were
identified, correlated and ranked using average
findings of the derived petrophysical parameters.
Estimated petrophysical characteristics for W1 and
W2 were determined to be, on average, 20.14%
porosity, 1643.65mD permeability, and 63.20%
and 15.55% porosity, 1582.58mD permeability,
and 61.93% hydrocarbon saturation, respectively.
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For W1 and W2, the recoverable oil reserves were
148.45MMBB and 145.91MMBB, respectively. It
was concluded from these findings that W1 would
produce more oil buildup (accumulation) than W2.
This study has quantitatively revealed reservoir
petrophysical parameters for wells W1 and W2 in
the investigated field. The petrophysical parameters
so obtained are consistent with those of previous
studies within the Niger Delta sedimentary basin
and also advances knowledge in the categorization
of the Niger Delta petroleum system as a prolific
petroleum system whose potentials have not yet
been fully tapped nor exploited.
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