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Abstract

Integrated modelling, well correlation and petrophysical analysis were per-
racterization of Ataga Field, Niger Delta
Basin, Nigeria. International Journal of Geos-
ciences, 14, 450-466.
https://doi.org/10.4236/ijg.2023.145024

formed to characterize the reservoirs for optimum hydrocarbon correlation
using 3-D seismic reflection data and suites of well logs from Ataga 5, 7, 10
and 11 wells respectively in Ataga field, shallow offshore, Niger Delta Basin,

Nigeria. The study revealed the presence of two viable hydrocarbon bearing
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reservoirs, AT1 and AT2 and the average values of porosity, permeability,
water saturation, hydrocarbon saturation, Net to Gross (NTG) and volume of
shale are in the ranges of 15% - 77%, 44.5% - 75.5%, 25.5% - 85%, 15% -
75.5%, 0.70 - 0.88 and 0.11 - 0.38 respectively which goes further to show that
the both reservoirs have fair characteristics that are suggestive of the presence
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of hydrocarbon accumulation. It can therefore be deduced that the permea-
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bility values are reflective of fair interconnectivity of pore spaces of sands
within the well areas and their ability to transmit fluids, the depth and depth
structural map generated for the horizons and structures shows that the most
dominant trapping mechanism in the area under study is the crescentic
growth fault and the rollover anticlines trending in the Northwest-Southeast
direction and from the volumetric analysis. It can be deduced that the reco-
verable gas for AT1 and AT2 reservoirs is 2 x 10° mscf and 6 x 10° mscf re-
spectively.
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1. Introduction

A few decades ago, oil fields were very easy to find and exploit and most of the
oil fields were discovered onshore but nowadays due to the need for fossil fuel
energy and depletion of onshore oil resources, offshore areas are becoming
more popular. The Niger Delta is one of Africa’s most producing basins, with
six depobelts [1]. Thick sedimentary deposits and significant geologic features
have been maintained in the basin, making it ideal for petroleum creation, mi-
gration, and entrapment from the onshore to the continental shelf and deep-water
terrains. It has been verified and estimated that recoverable reserves of around
37,452 million barrels of oil [1] and 5.1 trillion cubic metres of gas resources
could be found in Niger Delta hydrocarbon province [2]. After the field has
been discovered through a discovery well, conventional oil field development
begins and is optimized by the generation of prospect with good certainty in
regards to geologic structure and rock properties such as porosity, oil satura-
tion, permeability and other parameters obtained from the geological inter-
pretation.

Map has been the method of representing geologic structures and rock prop-
erties but its application in reservoir geology has some inherent limitations be-
cause it is impracticable to represent 3-D reservoir heterogeneity with 2-D map
[3]. Therefore, there is a need for 3-D characterization and modelling of reser-
voir which allows for the heterogeneous nature of the reservoir to be represented
through integration of available data. Seismic and well-log data are also com-
monly employed to map the subsurface in petroleum exploration. Seismic pro-
files offer a nearly continuous lateral image of the subsurface, whereas well-logs
provide precise vertical resolution of the geology at the borehole [4]. Seismic
profiles can resolve structural and stratigraphic changes from reflection event
arrival times and amplitudes with a high degree of precision. Reflection seismic
interpretation has involved the examination of seismic properties for more than
two decades. Seismic features can help with structural and stratigraphic inter-
pretation, as well as give suggestions regarding formation type and fluid content
estimation, at the same time while providing complete reservoir characteriza-
tion.

This study involves integration of geophysical data interpretations to build
3-D reservoir characterization model for AT1 and AT2 reservoir in Ataga field,
shallow offshore Nigeria for optimum hydrocarbon estimation. This was arc-
hived through Well log interpretation/correlation, integrated seismic interpreta-
tion of Ataga oilfield was integrated, petrophysical estimation of reservoir prop-
erties, which provided the key constrain for the definition of rock properties and
also serve as input parameters for reservoir modelling. This project aimed at
building AT1 and AT2-reservoir, estimating the volume of hydrocarbon accu-
mulation in AT1 and AT2-reservoir using both map and model-based methods
and comparing the hydrocarbon volumes estimated with map and model based

volumetric methods.
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2. Geology and Stratigraphic Setting of the Study

Ataga Field is located within the offshore Niger Delta, Nigeria (Figure 1(a) and
Figure 1(b)). The Niger Delta is located in southern Nigeria, between longitudes
6°E and 6°E, and latitudes 4°N and 4°N, with an overall regressive clastic sedi-
ments thickness of about 12 km [5].

The Niger Delta is located in the Gulf of Guinea, on the West Africa Margin
and spreads all through the Niger Delta province between longitude 5°E to 8°E
and 4°N to 6°N [7]. The Niger Delta Basin has three formations which are the
marine Akata, paralic Agbada and continental Benin Formations (Figure 2).

The Akata, Agbada and Benin Formations lithostratigraphic units (Figure 2)
have been defined as the subsurface stratigraphy of the Niger Delta with its ages
decreasing basinward that is, from Eocene to Pleistocene times and corresponds
to Northern-Offshore depobelts which reflect an overall regressive or shoaling
sequence. Generally, the formations are coarsening-upward progradational clas-
tic deposited in marine and non-marine environments [9] [10]. The age of Akata
Formation has been reported between Paleocene to Recent and its lithologies
composed of shale and silts with streaks of turbidites sand [9] [10]. These shales
were deposited during the early stages of Niger Delta progradation and where
exposed onshore are designated as Imo Shale.

The Akata shale deposits are interpreted as deep water lowstand system tract
deposits and are typically over pressured [11]. However, the Agbada Formation
on the other hand has a maximum thickness of about 3500 m and occurs
throughout the basin. Its lithologies consist of intercalations of sands and silts
with shale stacked in prograding pattern as defined by increase in sand grains
and bed thickness from bottom to the top. The age of Agbada Formation as re-
ported is between Eocene to Pleistocene and it is interpreted to be deposited in a

fluvial-deltaic environments.
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Figure 1. Location of the study area (a) Niger Delta structural framework [6] showing the study area (b) location of the wells gen-

erated from petrel map windows.
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Figure 2. Regional stratigraphy of the Niger Delta [8].

The youngest formation in the Niger Delta lithostratigraphic setting is the Be-
nin Formation, its age ranges from Oligocene to Recent and outcrop as the
present delta surface. The base of Benin Formation, indicated by the youngest
marine shale is placed at a depth of approximately 1500 m. The Benin Formation
lithologies therefore composed of sand and have been interpreted to be depo-
sited in an alluvial or coastal plain environment [10].

Rollover structures, multiple growth faults, antithetic faults and collapsed
crest structures are the main structural features found in the Niger Delta (Figure
3) [7]. According to [5] and [11], structural traps were formed during synsedi-
mentary deformation of the petroleum bearing Agbada paralic sequence. The
structures become more complex towards the south with respect to gravitational
instability of the under compacted, over pressured Akata Formation [7]. Ac-
cording to [10] hydrocarbons are trapped within the growth fault structure and
about 4 billion cubic metre are present in existing field. The seal rock in the
Niger Delta is primarily interbedded marine shales within the Agbada forma-
tion. Three types of seals are available: smearing of clay along faults, vertical
seals and interbedded sealing layers against which subsurface reservoir sands

juxtapose because of faulting [10].

3. Data and Methods

The data set given for the interpretation are well header, well logs, well deviation

survey, seismic and checkshots data. The method applied for the interpretation
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includes using Petrel software in geological and seismic interpretation and the
techlog software employed in the study of the petrophysical studies of the reser-
voir. The 3D seismic volume and well data were systematically loaded into the
workstation for interpretation. A workflow chart summarizing the interpretation
process is shown in (Figure 4). Well correlation was done within the “ATAGA”
field with four wells as shown (Figure 5). The well Section window showing the
correlation of the well and the reservoir across the four wells is shown with
depths in SSTVD (True Vertical Depth subsea) meter from Ataga 10, Ataga 5,
Ataga 7 and Ataga 11 (Figure 5).
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Figure 3. Examples of Niger Delta field structures and associated traps [7] and [10].
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Figure 4. A workflow chart summarizing the interpretation process of Ataga field data.
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Figure 5. (a) Well correlations showing the facies log; (b) Well correlation showing reservoir AT1 and AT2 on well

Ataga 10 and Ataga 5.

Horizons and faults were identified and mapped as part of the seismic data
interpretation. Through seismic to well tie, the reservoir sands identified on the
well-logs were traced on the seismic sections. On the seismic sections, this was
done to outline the exact position, lateral extent, and shape of the reservoirs. On
the inline and crossline seismic sections, the reservoir tops and bottoms on the
logs were traced. On the base map, the times that corresponded to the horizons
were chosen and posted. Fault interpretation, horizon interpretation, and finally
seismic structural maps were constructed to analyze the geometry of the mapped
horizons employed for seismic data interpretation. This was done in order to lo-
cate structural traps or closures around fault blocks.

The area extent of the reservoir is required to calculate the volume of hydro-
carbon in place, but due to lack of seismic data, the values obtained will be in bar-
rels per acre (bbl/acre [12], [13]). As a result, Equation (1) gives the volume of
original oil in place (OOIP) for an oil reservoir as shown in Equations (1) and (2).

OOIP = {7758xhx¢x(1-S,, )} |/acre (1)
As proposed by [13] and [14].
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STOOIP =7758xhx ¢x(1-S,,) B, bbl/acre (2)

Formation Volume Factor.

4, Results and Discussions
4.1. Results

Table 1. Petrophysical result for Res AT 1 and AT 2 for well Ataga 5.

where B,;= 1.2 bbl/STB as proposed by Osisanya et al, 2021
Where A = thickness of the reservoir (in feet); ¢ = Effective porosity (in
frac.); NTG = Net to Gross ratio (in frac.); S}, = Water saturation (in frac.); B, =

This section captures petrophysical characteristics of two reservoirs, synthetic seis-

mogram, structural time map and seismic section showing mapped growth faults.

Top Bottom avg PHIT_D avg PHIE_D avg PERM_WR avg SW_AR avg HC

avg_VSH_GR avg NTG

3557.08  3649.27 0.184035
3741.86  3852.45 0.1699

0.153553 57.46866 0.869175 0.130825
0.157382 40.07871 0.63981 0.36019

0.298937 0.701063
0.125487 0.874513

Table 2. Petrophysical result for Res AT 1 and AT 2 for well Ataga 7.

Top Bottom avg PHIT_D avg PHIE_D avg PERM_WR avg SW_AR avg HC

avg_VSH_GR avg NTG

3537.54  3680.93 0.219156
3798.38 3905.7 0.19727

0.156836 68.91243 0.805188 0.194812
0.152941 47.72072 0.876327 0.123673

0.225336 0.774664
0.155457 0.844543

Table 3. Petrophysical result for Res AT 1 and AT 2 for well Ataga 10.

Top Bottom avg PHIT_D avg PHIE_D avg PERM_WR avg SW_AR avg HC

avg_VSH_GR avg NTG

3578.77  3666.23 0.19818
3758.24  3878.87 0.197821

0.171704 77.91861 0 1
0.18289 73.09433 0.522829 0.477171

0.214884 0.785116
0.119508 0.880492

Table 4. Petrophysical result for Res AT 1 and AT 2 for well Ataga 11.

Top Bottom avg PHIT_D avg PHIE_D avg PERM_WR avg SW_AR avg HC

avg_VSH_GR avg NTG

3557.81 3678.04 0.236934 0.224538 167.017 0.491761 0.508239 0.113305 0.886695
3826.8 3934.2 0.245842 0.217208 151.3098 0.707331 0.292669 0.130196 0.869804
XLine 1600
S XLine 1590 Xtine 1 N
L 5821 5821 5821 5821 5821 5821 5821
XL 1480 1520 1560 1600 1639 1679 1719
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Figure 6. Inline 5821 showing faults mapped on seismic.
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Figure 7. Synthetic seismogram showing the reservoir identified from well Ataga 11.
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Figure 9. Horizon mapping displayed on the interpretation window.
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Figure 10. (a) Reservoir AT 1 Time structural map (b) Reservoir AT 2 Time structural map.
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Figure 11. Polynomial function used to convert time map to depth structural map.
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Figure 13. Permeability model of the mapped surface.

DOI: 10.4236/ijg.2023.145024 459 International Journal of Geosciences


https://doi.org/10.4236/ijg.2023.145024

J. Danwazan et al.

Figure 16. Facies model of the mapped surface.

Table 5. Results of volumetric analysis.

HC Area (in gas) Bulk volume Net volume Pore volume HCPV gas GIIP (in gas) GIIP Recoverable gas

z
ones [x10°m?]  [x10°m’] [x10°m®] [x10°MSCF][x10° MSCF][x10° MSCF][x10° MSCF] [x10° MSCF]
AT Res Top 1 8.05 399 304 2 2 2 2 2
AT Res Top 2 12.01 1159 997 6 6 6 6 6
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4.2. Discussions

4.2.1. Petrophysical Analysis

Well Ataga 5

The depth of the well log started from 1325.118 m to 4375.7088 m. Table 1
shows the summary of the petrophysical parameters of well Ataga 5, which was
delineated to contain some reservoirs, but only AT 1 and AT 2 were identified as
hydrocarbon-bearing with porosity ranging from 15% to 19%, water saturation
60% to 80% and hydrocarbon saturation 20% to 40%. The two reservoirs contain
hydrocarbons (gas). This also depicts that porosity increases with the depth in-
crement and water saturation decreases with an increasing depth while hydro-
carbon saturation increases with an increase in depth. The reservoirs contain gas
(Figure 5(b)). The average net to gross ratio (NTG) in this well is 75% with av-
erage porosity value of 17%.

The average volume of shale from this well is 0.38 while average water satura-
tion and average hydrocarbon saturation values are 74.5% and 24.5% respective-
ly. The average permeability value for the reservoir is 44.5%.

Well Ataga 7

The depth of the well log started from 1050.1884 m to 3975.0492 m. Table 2
shows the summary of the petrophysical parameters of well Ataga 7, which was
delineated to contain some reservoirs, but only AT 1 and AT 2 were identified as
hydrocarbon-bearing with porosity ranging from 15% to 17%, water saturation
80% to 90% and hydrocarbon saturation 12% to 19%. The two reservoirs contain
hydrocarbons. The reservoirs contain gas. The average net to gross ratio (NTG)
in this well is 80.5% with average porosity value of 15%.

The average volume of shale from this well is 0.33 while average water satura-
tion and average hydrocarbon saturation values are 85.5% and 15.5% respective-
ly. The average permeability value for the reservoir is 57.5%.

Well Ataga 10

The depth of the well log started from 1080.2112 m to 4335.6276 m. Table 3
shows the summary of the petrophysical parameters of well Ataga 10, which was
delineated to contain some reservoirs, but only AT 1 and AT 2 were identified
with hydrocarbon-bearing porosity ranging from 15% to 20%, water saturation
10% to 52% and hydrocarbon saturation 47% to 90%. The two reservoirs contain
hydrocarbons. The reservoirs contain gas. The average net to gross ratio (NTG)
in this well is 83% with average porosity value of 18%.

The average volume of shale from this well is 0.23 while average water satura-
tion and average hydrocarbon saturation values are 25.5% and 75.5% respective-
ly. The average permeability value for the reservoir is 75.5%.

Well Ataga 11

The depth of the well log started from 1192.3776 m to 4459.986 m. Table 4
shows the summary of the petrophysical parameters of well Ataga 11, which was
delineated to contain some reservoirs, but only AT 1 and AT 2 were identified as

hydrocarbon-bearing with porosity ranging from 21% to 24%, water saturation
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45% to 70% and hydrocarbon saturation 25% to 50%. The two reservoirs contain
hydrocarbons. The reservoirs contain gas. The average net to gross ratio (NTG)
in this well is 86% with average porosity value of 21%.

The average volume of shale from this well is 0.11 while average water satura-
tion and average hydrocarbon saturation values are 65.5% and 45.5% respective-
ly. The average permeability value for the reservoir is 75.5%.

Petrophysical Properties for Reservoir AT 1

The petrophysical proportion, i.e. PHIE—Porosity, Sw—Water Saturation and
Sh—hydrocarbon saturation of Reservoir AT 1 for well Ataga 5, Ataga 7, Ataga
10 and Ataga 11 are represented in the figure below.

The reservoir AT 1 (Tables 1-4) contain hydrocarbon saturation of 0.13, 0.20,
1.00 and 0.51; porosity values; of 0.15, 0.16, 0.17 and 0.22, water saturation of
0.87, 0.81, 0.00 and 0.49 in Ataga 5, Ataga 7, Ataga 10 and Ataga 11 respectively.
In other words AT 1 have an average porosity of 0.18 across the four wells which
are in accordance with [15] classification of porosity; porosity value of 18% is
represented as fair to good reservoir. The reservoir has an average hydrocarbon
saturation of 46% and average Water saturation of 54% across the four wells. It
is worthy to conclude that reservoir AT 1 is fair as a reservoir for hydrocarbon
and dominant fluid type is water.

Petrophysical Properties for Reservoir AT 2
The petrophysical proportion, i.e. PHIE—Porosity, Sw—Water Saturation and
Sh—hydrocarbon saturation of Reservoir AT 2 for well Ataga 5, Ataga 7, Ataga
10 and Ataga 11 are represented in the figure below.

The reservoir AT 2 (Tables 1-4) contains hydrocarbon saturation of 0.36,
0.12, 0.47 and 0.29; porosity values; of 0.16, 0.15, 0.18 and 0.22, water saturation
of 0.63, 0.87, 0.52 and 0.71 in Ataga 5, Ataga 7, Ataga 10 and Ataga 11 respec-
tively. In other words AT 1 have an average porosity of 0.18 across the four wells
which are in accordance with [15] classification of porosity; porosity value of
18% is represented as fair to good for a hydrocarbon reservoir. The reservoir has
an average hydrocarbon saturation of 31% and average Water saturation of 68%
across the four wells. It is worthy to conclude that reservoir AT 2 is poor for hy-

drocarbon for hydrocarbon prospect.

4.2.2. Seismic Interpretation

Structural Fault Interpretation

The structures identified during the cause of fault mapping are majorly
growth fault with rollover anticlines which is typical of the structures found in
the Niger Delta Basin. These growth faults mapped are found to have associated
synthetic and antithetic faults which are listric in nature (Figure 6).

A total of nineteen (19) faults were delineated and mapped with ten (10) being
major faults, five (5) being intermediate and four (4) minor faults. During the
course of the mapping only eleven of these faults were found to be consistent.

These listric faults are syndepositional, exhibiting increased in stratigraphic

thickening on the down thrown block or hanging wall evident by the bright and
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distinct signature on this side, and an increase in displacement with depth;
which indicates that there were movements along the fault surface while the se-
diment was being deposited ie. contemporaneous, The growth faults are formed
by rapid sediment loading of the Agbada formation on the under compacted,

over pressured, and highly mobile Akata shale.

4.2.3. Synthetic Seismogram

A synthetic seismogram is a model of a seismic trace at the borehole location It
is generated by combining borehole log data (sonic and/or density) with a wave-
let. The purpose of the synthetics Seismogram is to build a connection between
the log data and the seismic trace which helps in correlating the well directly
with a seismic section to other wells.

Well tie to Seismic was done using Ataga 11 well data and checkshot survey
from Ataga 11 convolved with Ricker wavelet to generate synthetic seismograms,
hence, tying the seismic to the wells. Synthetic match with seismic was quite
good In Ataga 11 (Figure 7), mapping was done on the continuous positive po-
larity (Peak) beneath the zero crossing and bulk shifted, Log editor was used to
despike the Ataga 11 Sonic log before performing a sonic correction because
poor quality log input to the synthetic seismogram generation can give Incon-
sistent results. For instance spiky sonic logs (cycle skipping) results in artificial
events in the synthetic trace that can be mistaken for real reflectors. This reason
leads to despiking the sonic log in order to remove the spike values.

Horizon Mapping

The mapping of the horizon was based on synthetic seismogram generated
(Figure 8). The key seismic reflections which corresponded to top of main re-
servoir sands were identified on seismic data for mapping. Four horizons cor-
responding to the top and base of the reservoir were mapped as AT 1 and AT 2
(reservoir tops and base) (Figure 9). Horizons were picked on inlines and cros-
slines.

From the time map (Figure 10(a), Figure 10(b)), depth map was generated
using polynomial function (Figure 11) and depth-structural maps generated for
the horizons and structures picked across the study area (Figure 12(a), Figure
12(b)) it shows that most dominant trap was the crescentic growth fault gener-
ated rollover anticlines trending Northwest, Northeast-Southwest. [16] discussed
that the presence of roll-over Structures may indicate possible hydrocarbon ac-
cumulation in the vicinity of such roll over structures.

3-D Static Geological Model

Geological modelling or static modelling involves populating the reservoir
architecture (Structure and Stratigraphy) with rock properties. [17] in view of
the necessity of dynamic simulation process and to arrive at a final well and
production behavior, it was necessary to build a static model that represented as
closely as possible the subsurface reality of the Sand 1, and 2 that have been en-
countered by most wells [18].

The 3D seismic structural interpretation, property models like the porosity,
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permeability, water saturation and net to gross models from log analyses were
used to build the static model. The PETREL (Version 2018) suite was used in
building the static model.

Structural Model

This (in Petrel) involves Fault Modelling, Pillar Gridding and Horizon Mak-
ing. Fault Modelling involved definition of the various faults in the model which
formed the basis for generating the 3D Grid. This field is bounded by synthetic
and antithetic growth faults. The faults used in this study were named major, in-
termediate and minor faults respectively. The faults were built using key pillars
and joints of these key pillars formed the fault plane. These faults defined breaks
in the 3D grid. The structural model was based on the depth-converted 3D seis-
mic interpretation.

Permeability Model: The map underscores fair permeability values which
range from 50 mD to 170 mD within the well area of Ataga field using Sequen-
tial Gaussian Simulation algorithm as shown in the (Figure 13) below. The val-
ues are reflective of fair interconnectivity of pore spaces of the sand within the
well area and their ability to transmit fluids.

Porosity Model: The map shows the prominence of good porosity distribu-
tion (0.16 - 0.21) within well area of the Ataga field using Sequential Gaussian
Simulation algorithm as shown in the (Figure 14). This indicates the pore spaces
have less space to accommodate fluid.

Water Saturation Model: The map reveals that water saturation distribution
within the well area of the Ataga field using Sequential Gaussian Simulation al-
gorithm below varies from 0.49 to 0.87. This is indicative of more of water than
hydrocarbon (Figure 15).

Facies Model: The map shows that the distribution of facies within the Ataga
field using Truncated Gaussian Simulation algorithm is showed that variation of
sand to shale ranges from 40% - 60%. (Figure 16) This shows that the reservoir
sands present in the field are minimal.

Volumetric Analysis

For the volumetric analysis, the fluid contacts generated from the mapped ho-
rizons were used (Table 5). From the volumetric analysis, it can be deduced that
the recoverable gas for AT1 and AT2 reservoirs is 2 x 10° mscf and 6 x 10° mscf

respectively (Table 5).

5. Conclusion

The study revealed the presence of two viable hydrocarbon bearing reservoirs,
AT1 and AT2. The result has shown that the average values of porosity, permea-
bility, water saturation, hydrocarbon saturation, Net to Gross (NTG) and vo-
lume of shale are in the ranges of 15% - 77%, 44.5% - 75.5%, 25.5% - 85%, 15% -
75.5%, 0.70 - 0.88 and 0.11 - 0.38 respectively. The findings gotten from petro-
physical measurements carried out on the AT1 and AT2 have revealed that both

reservoirs have fair characteristics that are suggestive of the presence of hydro-
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carbon accumulation. From the volumetric analysis, it can be deduced that the
recoverable gas for AT1 and AT2 reservoirs is 2 x 10° mscf and 6 x 10° mscf re-
spectively. The permeability values are reflective of fair interconnectivity of pore
spaces of sands within the well areas and their ability to transmit fluids. The
depth and depth structural map generated for the horizons and structures shows
that the most dominant trap mechanism is the crescentic growth fault and the
rollover anticlines trending in the Northwest-Southeast direction. It can there-
fore be said that both in structural and stratigraphic mapping, the combination

of seismic data and well logs has proven to be reliable and valid tool.
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