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ABSTRACT

A suite of geophysical wire line logs were run in hole. The wells data were acquired from bottom to top and not top to
bottom. Basically, we have the qualitative and the quantitative evaluation techniques.Qualitative means is usually used
for identification of the type of lithology and also for the component of the formation. Quantitative is used to estimate
numerically, the value of what is in the formation. The logs used for evaluation were: Spontaneous potential logs and the
Gamma ray logs. These were used to determine the lithology of the formation. Resistivity logs were run in hole to also
determine the water saturation in the formation. The Formation Density and the compensated Neutron logs were run in
hole to differentiate the gaseous zone from the oil zone in the Hydrocarbon Formation Ogol, OgoZ2 and Ogo3 from well
correlation depicts that the subsurface stratigraphy is that of sand - shale intercalations. Two prominent hydrocarbon
bearing reservoirs (R1and R2), at Depth 1563m and 1642mm respectively were identified. The reservoirs were found to
have average porosity of 0.22, water saturation 0.43 and Hydrocarbon saturation of 0.57. The reservoirs have
permeability of 1376m, volume of oil in place for reservoir 1 and 2 is 39900m? and 9647 n¥ respectively. More. Well
correlations are recommended for proper drilling and well completions. 4D seismic acquisitions should be encouraged
for proper view of the formation.
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1. INTRODUCTION

In a country such as Nigeria, where hydrocarbon has
been the mainstay of her economy, it is observed that for
decades of Hydrocarbon Exploration and Exploitation,
attention has been on structural traps and currently
most of the identified structural closures on the shelf and
upper slope have been drilled and the search for
hydrocarbon is becoming increasingly more difficult and
expensive [11].

The earth is heterogeneous in nature with vary
components of rocks which differ in texture and and
chemical components. For the scope of this research, The
Sandstone being prevalent in the Niger Delta was
studied. The sandstone is porous and permeable. This
permeability property brings about the interconnection
of the pores. This interconnection of the pores
contributes to the prolific nature of the rocks which
enhances the storage of fluid and hence a good reservoir
rock.

1.1 The Location and Geology of the Area

The oil field is called the OSSU or OMI 124. It is located in
the Oguta community of Imo state. It is an onshore field
* Corresponding author, tel: + 234 - 803 - 381 — 9640

located within latitude 5930N and longitude 6°00E to
latitude 5° 40N and longitude 6°20E in the Niger Delta.
The oil field is owned by Addax Petroleum Development
Nigeria. The types of formation associated with this area
which are not different from the tropical Niger Delta
formation are the Benin, Agbada and Akata formations
[4,17].
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Figurel: Map showing location of the well
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1.2 Aims and Objectives

The aims and objectives of this research are:

1. To identify the productive zones of hydrocarbon.

2. To define the petrophysical parameters like porosity,
permeability, and hydrocarbon saturation and
lithology of zones.

3. To determine depth, thickness.

2. DETERMINATION OF POROSITY

The porosity ¢ of a Formation can be obtained from the
Bulk density if the mean density of the rock matrix and
that of the fluids it contains are known [5]. The bulk
density p, of a formation can be written as a linear
contribution of the density of the rock matrix p,,, and
the fluid density pywith it present in proportions (1- ®)

and @, respectively:

pb® = (1 - cl))pma + (bpf (1)

When solved for porosity, we get

Pma — Pb
p=——- 2)
Pma — P
In (1) and (2), pp is the bulk density of the Formation,

Pma is the density of the rock matrix, py; is the density of
the fluids occupying the porosity and @ is the porosity of
the rock. Common values of matrix density (in g/cm?®)
are: Quartz sand - 2.65, Limestone - 2.71 and Dolomite -
2.87

2.1 Determination of Shale Content
In most reservoirs the lithologies are quite simple, being
cycles of sandstones and shales or carbonates and shales.
Once the main lithologies have been identified, the
gamma ray log values can be used to calculate the shale
volume Vg, of the rock. This is important as a threshold
value of shale volume is often used to help discriminate
between reservoir and non-reservoir rock. Shale volume
is calculated in the following way: First the gamma ray
index Igr is calculated from the gamma ray log data using
the relationship [3].
— GRlog - GRmin (3)
ok GRmax - GRmin

Where
Igr is the gamma ray index, GRog is the gamma ray
reading at the depth of interest, GR,;, is the minimum
gamma ray reading. (Usually the mean minimum
through a clean sandstone or carbonate formation)
GR .y is the maximum gamma ray reading. (Usually the
mean maximum through a shale or clay formation))

Vg, = 0.83 (227*1cr) 4)

2.2 Water Saturation Estimation
Water saturation can be expressed as a function using
Archie’s method
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so=(2)" (5)
In (5), Sw is the Formation water saturation, Ry is the
Formation water resistivity (Qm), R; is the True
formation resistivity (m) and n is the saturation
exponent. This is the basic equation to calculate water
saturation. It can be used for all lithologies, but primary
it is made for clean porous rocks
Saturation exponent (n) defines density of the fluid. Its
saturation lines were empirically derived using electrical
properties of the water/oil interface and wettability of
the matrix can be established from the well logs or cores;
usually taken as (1.8-2.2). Lower value of n leads to more
optimistic lower water saturation calculations [8].

2.3 Hydrocarbon Estimation
To calculate for volume of oil in place or hydrocarbon
pore volume (HCPV) we use the equation:

VOOIP = AH(1 — Sy,)® (6)
Here, A is the cross-sectional area, H is the thickness, Sw
is the water saturation and @ is the porosity. For the
purpose of this study the area was estimated using
isopach maps. For reservoir 1 (25000m2) was the area
used while for reservoir 2 (17000m?) was used.

2.4. Permeability
In this study we use the Asquith and Krygoskwi method
of 2004 [2] stated as:

32
K=<250x®> o

Swirr
Here K is the permeability, @ is the porosity and s,,,;,- is
the irreducible water saturation.

3. ANALYSIS OF RESERVOIRS
Table 1
petrophysical parameters for reservoir 1 which cuts

shows the results of some computed
across Ogo well 1 and 2. The reservoirs were penetrated
at 1557-1574 meters for Ogo land from 1569-1575
meter in Ogo 2. It has a gross thickness ranging from 6-
17 meters and a net thickness ranging from 4-10 meters,
the net /gross thickness (N/G) ranges 0.59-0.66.
Reservoir 1 has an average porosity value ranging from
0.19 to 0.24. The water and hydrocarbon saturation have
average values of 0.33 or 33% and 0.67 or 67%
respectively.

The porosity values for reservoir 1 show good ratings.
The permeability values obtained from reservoir 1 are
fair and will permit the flow of fluid within the reservoir.
The hydrocarbon saturation shows a high proportion of
hydrocarbon to the quantity of water. We can say that
reservoir 1 is a hydrocarbon saturated reservoir.

Table 2

petrophysical parameters for reservoir 2 which cuts
Vol. 36, No. 3, July 2017 730

shows the result of some computed



GEOPHYSICAL AND WELL CORRELATION ANALYSIS OF OGO FIELD: A CASE STUDY IN NIGER DELTA BASIN ..., M. O. Ehigiator & N. C. Chigbata

across Ogo well 1, 2 and 3. The reservoirs were
penetrated at 1641-1649 meters for Ogo 1, from 1638-
1644 meters in Ogo 2 and 1647-1665 meters in 0go3. It
has a gross thickness ranging from 6-18 m and a net
thickness ranging from 4-11 m, the net /gross thickness
(N/G) average of 0.64. Reservoir 2 has an average
porosity value ranging from 0.13 to 0.29. The water and
hydrocarbon saturation have average values of 0.53 or
53% and 0.47 or 47% respectively. The saturation of
water is slightly higher than that of the hydrocarbon.
From Table 3 reservoir 1 has an average porosity of 0.26
compared to the 0.17 porosity in reservoir 2. The
hydrocarbon saturation in reservoir 1 is 0.67 while that
of reservoir 2 is 0.47. This means that reservoir 1
contains more hydrocarbon than reservoir 2. The
permeability of both reservoirs are very good. Although
reservoir 2 contains more water but there is still a good
amount of hydrocarbon. The irreducible water saturation
Swirr show good ratings. In reservoir 1 itis 0.10 and 0.1 in
reservoir 2. From interpretations the two reservoirs
show high hydrocarbon potentials.

3.1 Reservoir Classification

In table 1.3 are the summary of the average results of the
important petrophysical parameters utilized as variables
that determine reservoir quality. These parameters are
subjected to statistical analyses by considering their
values across all delineated reservoirs in the three wells
of the study area. From this analysis we can say that
reservoir 1 is the most prolific in the Ossu field while
reservoir 2 is least prolific.

4. RESULTS AND DISCUSSION
For the log interpretation shown in figure 2 below, the
correlation of the well helps improve the knowledge of

the formation of the study field. Three lithologies were
identified using the gamma ray log and shale and sand.
From the lithology the interval coloured black is shale
while the interval coloured grey is sand.

Two sand bodies were mapped called R1, R2, and
correlated across the field. The results obtained from this
study are based on both petrophysical analysis and well
log interpretation. The well correlation panel showing
the tops and bases of the reservoirs is shown in figure 2
below. Figure 2 shows three reservoirs Ogol Ogo2 and
0go3. R1 and R2 occur at depth (1557 m) and (1641 m)
respectively in Ogo 1 while in Ogo 2 it occurs at (1569 m)
and (1638 m) respectively. R2 for Ogo 3 has its depth at
(1647 m).

The analysis of all the well section revealed that each of
the sand unit extend through the field and varies in
thickness with some unit occurring at greater depth than
their adjacent unit in other words there is possible
evidence of faulting. The shale layers were observed to
increase with depth along with a corresponding decrease
in sand layers. In Niger Delta this indicates a transition
from Benin to Agbada formation. From the analysis the
two reservoirs were identified as hydrocarbon bearing
reservoirs across 0gol, 2, and 3, with the exception of
OgoZ2 in reservoir 2.

4.1 Conclusion

Spontaneous Potential, Gamma ray, resistivity, Neutron
and density logs were employed in the analysis and
examination of an oil field in western Niger Delta. Three
wells Ogo1, Ogo2 and Ogo3 were considered. Correlation
of these wells indicates that there is interbedding in the
subsurface stratigraphy.

Table 1: Summary of Petrophysical Parameters Obtained for Reservoir 1

Gross Net

Water

Wells Top  Bottom Thickness Thickness NO/ G Porosity Swirr ~ Saturation  Sh Vsh K VOO; p
(m) (m) (m) (m) %)  BW/V) S (mD)  (m3)
Ogol 1557 1574 17 10 0.59 0.24 0.093 0.43 0.57 0.008 1380 58140
Ogo2 5145 5164 6 4 0.66 0.19 0.11 0.24 0.76  0.15 243 21660
Table 2: Summary of Petrophysical Parameters Obtained for Reservoir 2
Gross Net Porosity Water .
Wells E;I)) B(Etl;csm Thickness Thickness I(\Ioj(); (0] Swirr  Saturation Sh Vsh (rrIfD) ‘?r)r?;)p
(m) (m) S (741 Sw
Ogol 1641 1649 8 5 0.63 0.29 0.08 0.89 0.11 0.02 5808 4338
Ogo2 1638 1644 6 4 0.66 0.09 0.24 0.14 0.86 0.17 3 7895
Ogo3 1647 1665 18 11 0.61 0.13 0.17 0.58 042 0.06 104 16708
Table 3: Summary of Average Computed Petrophysical Parameters obtained for Reservoir 1-2
Gross Net Porosity Water .
Reservoir r([:]r)) B(E‘:Itgm Thickness Thickness I(\I(y/o(); [0] Swirr  Saturation  Sp Vsh (nIl(D) ‘?r)r?;)p
(m) (m) /) Sw
Reservoirl 1563 1575 12 7 0.58 0.26 0.10 0.33 0.67 0.079 812 39900
Reservoir2 1642 1653 11 7 0.64 0.17 0.16 0.53 047 0.083 1940 9647
Nigerian Journal of Technology Vol. 36, No. 3, July 2017 731
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Fig 2: Well Correlation ofOgo1, OgoZ2 and Ogo3 using: Gamma Ray, Resistivity, Density and Neutron logs respectively.

The prolific sand i.e. reservoirs R1 and R2 withvarying
thickness were identified and mapped at depth of 1563
m and 1642 irrespectively. Across the wells reservoir 1
shows an average porosity of 0.26 and volume of shale
0.079 average hydrocarbon saturation is 0.67. It average
permeability of 812md. The volume of oil in place for
reservoirl is 39900 m3. Reservoir 2shows an average
porosity and volume of shale at 0.17 and 0.083
respectively. It has an average permeability of 1940md.
0go2 and Ogo3 have hydrocarbon saturation at 0.86 and
0.42 respectively. The volume of oil in place reservoir 2
is 9647 m3. Ogo1l is not economically viable.

It is obvious that some of the sand in the wells correlate.
This can be justified by the reservoir depth of Ogo1 and 2
in reservoir 1 and Ogol, 2 and 3 in reservoir 2. From all
the petrophysical estimation and calculation of oil in
place we can say that reservoir 1 is more economically
viable than reservoir 2.

4.2 Recommendation

It is recommended that more well correlations should be
carried out before embarking on drilling and well
completion so as to save cost.

Proper well correlation will serve as a data bank for
reference purposes to enhance the life span of the well.
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This also gives more detailed information about the field
for work over activity.

We are of the view that 4 - D seismic data acquisition be
conducted with the view of revealing the current fluid
movement with time.

Also vertical seismic profiles should be acquired in fields
that have been left for long (especially areas that were
acquired in 2-D in the 80’s) to avoid drilling a dry well.
More advanced well log analysis tools and more
advanced core data would help evaluate the reservoir in
more detail. This could include special core analysis that
would look at relative permeability, wettability, and
capillary pressure. Nuclear magnetic resonance (NMR)
logging tools would also be useful for getting information
about formation fluids and porosity and better
calibrating the saturation model.
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