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ABSTRACT
Reservoir architecture delineation and understanding of heterogeneity in geological reservoir 
models are crucial for accurately estimating hydrocarbon reserves, production forecast, and 
recovery in an effective economic scenario. This work demonstrates the combination of 
statistical tools and geometric trend models for hydrocarbon quantification and uncertainty 
analysis in the Doma Field development. 3D seismic cube and five (5) well data were integrated 
to build structure, facies, and petrophysical models (total and effective porosity, water satura
tion, net-to-gross, and permeability). Eleven (11) hydrocarbon-bearing reservoirs were identi
fied and modelled out of twenty-two (22) reservoirs (sand 1–1B2–5-IB1) delineated and 
correlated from the logs. The saturation height function (SHF) was generated to populate the 
water saturation model to mitigate capillary pressure build-up. The structural model shows that 
fault-dependent three-way closure dominated the field. The results of petrophysical analysis 
and modelling biased to the litho-facies models indicated an average effective porosity value 
between 20 and 37% and water saturation ranging from 0.1 to 0.5. The permeability model 
showed that the permeability value was greater than 100 mD. Based on uncertainty analysis, 
the low case, base case, and high case cumulative volumetric for oil is 43.63MMSTB, 
56.72MMSTB, and 71.34MMSTB and for gas is 73.65BSCF, 96.3BSCF, and 120.59BSCF, respec
tively. The coefficient of variation computed from log-derived porosity varies from 0.14 in 
reservoir 1-IB1 to 0.44 in reservoir 14-IB2. Also, the coefficient of variation computed from the 
3D model porosity varies from 0.21 in reservoir 2-IB1 to 0.45 in reservoir 14-IB2. Thus, the 
research study has created a bridge between statistical tools in quantifying reservoir model 
heterogeneity and established a reference model for siliciclastic reservoir heterogeneity classi
fication and prediction in the area and development of reservoir parameters in the adjacent 
areas of the Niger Delta basin.
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1. Introduction

Commercial accumulation of oil and gas occurs in the 
Niger Delta province. The production of this com
modity is derived from the pore spaces of reservoir 
rocks, primarily sandstone, which is distinguished by 
alternating layers of sandstone and shale units with 
thicknesses ranging from 100 to 1500 feet (30.48 m to 
457.2 m) (Short and Stauble 1967; Doust and 
Omatsola 1990). Characterisation of reservoirs is in 
the vanguard of the energy shift, having progressed 
from its conventional function in petroleum explora
tion to becoming an essential component in the crea
tion of subsurface energy solutions. The technique of 
systematically integrating various data types and 
quantities to depict reservoir properties of relevance 
in inter-well locations is known as reservoir character
isation (Ezekwe and Filler 2005). The characterisation 
framework for comprehending the intricate subsur
face systems that will power our future is aided by 

the integration of several disciplines, ranging from 
geophysics and geology to petrophysics and reservoir 
engineering (Bedle et al. 2024). The main goals of any 
reservoir characterisation are to provide information, 
encourage trust, and offer usefulness. It must be reli
able enough to be consulted, which will eventually lead 
to better choices and results in the future (Weston  
2024). However, the objective of any reservoir model
ling and characterisation is to integrate data from 
various sources in order to comprehend reservoir con
nectivity in both static and dynamic situations. 
Seismic attribute analysis has been and continues to 
be pertinent in the generation of the framework of the 
reservoir model (Meldahl et al. 2001). Not only are 
three-dimensional geological reservoir modelling and 
integrated reservoir characterisation essential for 
describing and predicting oil reserves in reservoirs, 
but also an essential means to quantitative character
isation of reservoir structure architectural geometry 
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and heterogeneity in three-dimensional space, and its 
core is to predict hydrocarbon volumetric distribution 
within the reservoir (Oladele et al. 2020). Therefore, 
reservoir modelling represents the major focus of hot 
topical issues in reservoir geoscience. Three- 
dimensional modelling of a reservoir is a process of 
selecting appropriate methods to establish the struc
ture, sedimentary microfacies, sand body geometry, 
and reservoir petrophysical parameters based on well 
logging, seismic, and geological data.

Trend heterogeneity in reservoir study means the 
vertical and lateral variation in porosity, permeability, 
and/or capillarity. In the Niger Delta province of 
Nigeria, hydrocarbon is accumulated in the interca
lated sand and shale of Agbada Formation. The exis
tence of fractures and faults, diagenesis, and variations 
in the depositional environment and facies are some of 
the common causes of the reservoir trend heterogene
ity in sandstone bodies, which can occur at different 
lengths and scales from micrometres to hundreds of 
metres (De Ros et al. 1998, Schulz – Rojahn et al.; 1989 
Ekwenye et al. 2015). Thus, understanding and fore
casting reservoir heterogeneity is crucial for develop
ing and implementing effective plans for producing 
hydrocarbons (Hamilton et al., 1998, Barton et al.  
1992; Sech et al. 2009). The shape and internal struc
ture of the sand bodies, grain size, level of bioturba
tion, provenance, and the kind, volume, and 
distribution of diagenetic alteration all affect the 
trend heterogeneity pattern of sandstone reservoirs, 
which in turn controls the volume, flow rate, and 
recovery of hydrocarbons. Ulisses Miguel Correia 
et al. (2016) worked on 3-D Geological modelling: 
a siliciclastic reservoir case study from Campos 
Basin, Brazil. In the study, they stated that Dykstra– 
Parsons’s coefficient takes values between 0 and 1 and, 
for most reservoirs, this coefficient ranges between 0.5 
and 0.9, from homogenous to heterogeneous. They 
concluded that a Dykstra-Parsons coefficient of V =  
0.52 characterises this reservoir as moderately homo
geneous. In 2017, Marinovska and IIieva established 
that the 3D Reservoir Modelling process and 
Simulation is a reliable reflection of the real geological 
situation and its dynamic changes within the hydro
carbon field. Adepelumi et al. (2018) attempt the con
struction of a 3D reservoir model that characterises 
the XYZ field of Niger Delta Province and evaluates its 
hydrocarbon production performance. The research 
showed the efficacy of 3D reservoir modelling tech
nology in understanding the spatial distribution of 
petrophysical properties and providing a framework 
for future production performance behaviour of XYZ 
field, Niger Delta.

Fitch et al. (2015) established that basic statistics 
can be used to characterise variability in a dataset, in 
terms of the amplitude and frequency of variations 
present. A better approach involves heterogeneity 

measures since these can provide a single value for 
quantifying the variability and provide the ability to 
compare this variability between different datasets, 
tools/measurements, and reservoirs. Dykstra and 
Parsons (1950) developed a criterion for quantifying 
reservoir heterogeneity based on the permeability dis
tribution and the well-known coefficient of variation. 
Dykstra-Parsons coefficient takes values between 0 
and 1 and, for most reservoirs, this coefficient ranges 
between 0.5 and 0.9, from homogenous to heteroge
neous. Another geostatistical tool used in quantifying 
heterogeneity in reservoirs is the coefficient of varia
tion. Also known as relative standard deviation, the 
coefficient of variation is a statistical concept that 
accounts for relative variability in the data set. It is 
the ratio of the standard deviation to the mean. The 
higher the coefficient of variation, the greater the level 
of dispersion around the mean and the higher the 
intraformational heterogeneity nature of the reservoir. 
The lower the coefficient of variation, the more homo
genous is the reservoir (Elkateb et al. 2003).

This research focused on the delineation of the 
architectural geometry of the sand body, geologic 
and 3D static modelling, and evaluation of the field 
siliciclastic reservoir heterogeneity for hydrocarbon 
quantification and uncertainty analysis, it will also 
serve as a reference model for reservoir heterogeneity 
prediction in the area and development of reservoirs 
parameters in the adjacent areas of the Niger Delta 
basin.

2. Regional geology of Niger Delta

Numerous scholars have studied the Niger Delta’s 
geology. Short and Stauble (1967) discuss the strati
graphic development of the Cretaceous strata under
neath and the Tertiary Niger Delta. Tuttle et al. (1999), 
Doust and Omatsola (1989), Okeke and Umeji (2016) 
and Evamy et al. (1978) provide descriptions of the 
petroleum geology of the Niger Delta. Using sequence 
stratigraphic approaches, Stacher (1995) created 
a hydrocarbon habitat model for the Niger Delta. 
The physiography, sedimentation, and depositional 
settings of the contemporary Niger Delta were char
acterised by Allen (1965) and Oomkens (1974). The 
Akata, Agbada, and Benin formations (Figure 1), the 
three main lithostratigraphic units described in the 
Niger Delta subsurface, decrease in age basinward, 
representing the general regression of depositional 
conditions inside the Niger Delta clastic wedge 
(Agharanya et al. 2022). In southern Nigeria, there 
are exposed stratigraphic equivalent units to these 
three formations.

The formations show a progradational clastic 
wedge that is grossly coarsening upward in a marine, 
deltaic, and river setting (Short and Stauble 1967; 
Weber and Daukoru 1975; Weber 1987). According 
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to Short and Stauble (1967), the Akata Formation’s 
type section was identified at the Akata 1 Well, which 
is located 80 km east of Port Harcourt. A total depth of 
11,121 ft (3,680 m) was reached in the Akata 1 well 
without encountering the base of this formation.

The deepest occurrence of deltaic sandstone strata 
(7,180 ft (2189 m)) in the Akata well defines the top of 
the formation. In the centre of the clastic wedge, the 
thickness of the formation is estimated to be 21,000 
feet (6300 metres). Dark grey shales and silts make up 
the lithologies, with sporadic sand streaks that are 
likely the result of turbidite movement. Up to 50% of 
the microfauna collection is composed of marine 
planktonic foraminifera, which indicates shallow mar
ine shelf deposition (Doust and Omatsola 1989; 
Ekwenye, 2015). These shales are thickest along the 
axis of the Benue and Bida Troughs, having been 
created during the early stages of Niger Delta progra
dation. This formation is known as the Imo Shale 
when it is exposed onshore in northeastern Nigeria. 
Moreover, the formation appears offshore along the 
continental slope in diapirs. These marine shales are 
usually overpressured when firmly buried. Stacher 
(1995) concluded that the Akata shales were deposits 

from the Deepwater low stand. According to Doust 
and Omatsola (1989), the formation grades vertically 
into the Agbada Formation, with a large amount of 
plant remnants and micas in the transition zone. The 
formation can be found throughout the clastic wedge 
of the Niger Delta, with a maximum thickness of about 
13,000 feet (3962.4 m). In southern Nigeria, where it 
appears (between Ogwashi and Asaba), it is called the 
Ogwashi-Asaba Formation (Doust and Omatsola  
1989). Sands, silts, and shales alternate in the litholo
gies, which are characterised by gradual increases in 
grain size and bed thickness and are grouped in suc
cessions ranging from ten to several hundred feet. The 
majority of interpretations place the strata’s formation 
in fluvial-deltaic settings. The Agbada Formation lies 
between Eocene and Pleistocene in age.

According to Short and Stauble (1967), the Benin 
Formation is the uppermost portion of the Niger Delta 
clastic wedge, extending from the northern Benin- 
Onitsha region to beyond the current shoreline; this 
was observed in the Elele 1 well (type well), located 
roughly 38 km to the northwest of Port Harcourt. The 
base of the formation reaches a depth of 4600 feet (1402 
metres), with the most recent subaerially visible delta 
top surface at its peak. The youngest marine shale 
defines the base. According to Doust and Omatsola 
(1989), non-marine sand that was deposited in the 
upper coastal plain or alluvial habitats during the delta’s 
progradation makes up the entirety of the formation’s 
shallow portions. The age of the formation is considered 
to range from Oligocene to Recent, although the paucity 
of surviving fauna prevents exact age dating (Short and 
Stauble 1967). The formation finishes close to the shelf 
margin and thins basinward. The coastal plain and 
shallow marine sandstones are interspersed with 
broad bands of continental deposits that make up the 
Benin Formation. The formation water is fresh with 
high resistivity.

2.1. Location of research area

The Doma field is situated in the eastern part of the 
offshore Niger Delta Basin. This consists of several 
regional deposition belts each subdivided into “macro- 
structures” defined by large, listric, and syn- 
sedimentary, south-dipping normal faults. The study 
area is a green field and non-producing, the five wells 
that penetrated fields were used for this study 
(Figure 2).

3. Materials and methodology

3.1. Materials

The data used for this study comprise 3D seismic data 
covering an area of about 6424.0178 acres and suites of 
composite well logs (GR, ILD, NPHI, RHOB), 

Figure 1. Stratigraphic column showing the three formations 
of the Niger Delta (Doust and Omatsola 1989).
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deviation data, and check-shot data from five (5) wells 
(Doma 1, Doma 1st2, Doma 2, Doma 2st1, and Doma 
2st2). The base map of the study area is shown in 
Figure 2a.

3.2. Methodology

The integrated methodology (Figure 2b) adopted 
during this research utilised industry-based tools 
and processes to ascertain the objectives of this 
study. Reservoir identification and estimation of pet
rophysical properties were done using the   

TECHLOGTM tool under the Petrophysics module. 
Reconnaissance seismic interpretation and finely 
gridded high-resolution 3D geological static reser
voir model of the field was built and the volume 
of hydrocarbon in place was evaluated using the 
PETRELTM tool under geoscience core bundles 
which consist of seismic interpretation, structure 
and stratigraphic modelling, facies modelling, petro
physical modelling, and uncertainty analysis module. 
Microsoft Excel was used for the statistical analysis 
in the quantification and classification of the type of 
heterogeneity that characterise the study area.

Figure 2b. Integrated methodology adopted.

Figure 2a. The basemap of the study area offshore Niger Delta.
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3.3. Petrophysical analysis

The electronic logs in LAS/ASCII format were 
imported into TECHLOG software after the 
proper quality check was done. This was done to 
make sure that throughout data transmission, the 
imported log data were not tampered with. When 
necessary, logs were examined and depth matched. 
The proper TECHLOG procedure was followed to 
harmonise dataset names and allocate them to the 
appropriate families and units. The primary depth 
reference for each well was the first Gamma Ray 
log run. The refined and processed logs were 
employed in the creation of finely gridded three- 
dimensional static reservoir models as well as in 
geological and petrological studies. The correlated 
reservoir of interest throughout the Doma field is 
depicted in Figure 3.

3.4. Determination of petrophysical parameters

The petrophysical analysis was done using all the avail
able well data. Petrophysical parameters such as Volume 
of Shale, Total and Effective Porosity, Water saturation, 
and detailed methodology were adopted in the analysis. 
Figure 4 shows the evaluation log plot of some reservoirs 
in the Doma field.

3.5. Reconnaissance seismic interpretation

The seismic volume was imported into a user-defined 
folder in SEG-Y; this was done by quality-checking the 
data and making sure the correct bytes were used in 

loading. After loading into memory, a time slice was 
also inserted. Well data were also loaded into the soft
ware and a proper quality assessment was done 
(Figure 5a). This is to allow the visualisation of these 
wells at their different locations within the survey area. 
Structural Smoothening and Variance edge volume attri
butes were applied to enhance fault identification and 
mapping (Figures 5b, c).

3.6. Seismic to well tie

To link geology observed/interpreted log data with seis
mic events, a well-to-seismic connection was implemen
ted (i.e. correlation of formation tops and seismic 
reflectors). Seismic interpretation benefits greatly from 
reliable and precise well ties. Seismic “loops” or wiggles 
develop into geologic interfaces that have stratigraphic 
and lithologic significance. Conversely, petrophysical 
and stratigraphic observations based on log data sonic 
and density logs required for synthetic seismogram were 
quality checked and edited where necessary, and sonic 
calibration was done using available checkshot data. An 
analytical wavelet (Ricker) with a dominant frequency of 
28 hz was used in the synthetic seismogram generation. 
No bulk shift was performed for any of the wells, but 
reasonable stretch and squeeze were performed where 
necessary, without distorting the interval velocity so that 
the synthetic seismogram reflectors is manually matched 
to real seismic data. The Doma 2 synthetics were 
matched with seismic volume and integrated with 
gamma ray and resistivity log and the result of the 
synthetic seismogram is displayed in the Figure 5b below.

Figure 3. Showing Correlation of Reservoirs of interest in all wells within the Doma field.
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3.7. Horizon mapping

After establishing well to seismic tie using the available 
check shot and synthetic seismogram, the reservoir 
tops were displayed on seismic sections. Eleven (11) 
hydrocarbon-bearing horizons were interpreted for 
the structural definition of the Doma field. These 
horizons include the Base of Qua Iboe (BQI) and 
seven of the hydrocarbons bearing levels (2-IB2, 
3&4-IB2, 5-IB2, 6-IB2, 1&2-IB1, 3-IB1 and 4&5-IB1). 
Horizon interpretation was carried out manually at an 
interval of every 8 lines. Interpreted horizons were 

gridded with Petrel’s “Make/Edit Surface” utility. The 
horizons mapped on both crossline and inline 
(Figure 5c) were used to generate a 3-D grid time map.

3.8. Time-to-depth conversion

A depth conversion model for the Doma field was 
created using the 3rd-order polynomial function. 
The velocity function was created from the available 
Doma 1 well check-shot. The available Doma-1 well 
check-shot was plotted, and a line of best fit was taken. 

Figure 4. Showing evaluation log plot of some reservoirs in wells within the Doma field.

Figure 5a. Showing inline, crossline, time slice, and some wells available for the study.
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The resultant equation was then used to calculate 
a correspondent depth for the given two-way time. 
Final depth maps were calibrated to Doma well tops 
by vertical shift (Figure 5d).

3.9. 3D geological static reservoir modelling

The geological 3D static model was built by integrat
ing relevant subsurface information and data. Results 

of seismic reconnaissance survey and structural inter
pretation, lithology description, litho-facies interpre
tation, and petrophysical analysis (effective porosity, 
permeability, water saturation, net-to-gross) were all 
incorporated to build the 3D static model in Petrel 
software to establish the 3D structure architectural 
geometries of reservoirs and delineate heterogeneity 
that represent as closely as possible the subsurface 
reality within Doma field.

Figure 5b. Showing structural smoothening and Variance Edge seismic volume attribute in the study area.

Figure 5c. Showing synthetic seismogram, and Horizon interpretation in Doma Field.
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The objectives of the integrated geological 3D static 
reservoir modelling are but are not limited to the 
following:

● Build finely gridded, faulted 3D static model of 
the 1-IB2, 2-IB2, 3-IB2, 4-IB2, 10-IB2, 14-IB2, 
1-IB1, 2-IB1, 3-IB1, 4-IB1 and 5-IB1 reservoirs 
in Doma field,

● Distribute litho-facies and petrophysical 
properties,

● Establish the petrophysical trend within the mod
els that characterise the field,

● Calculate the volume of oil and gas within the field.

3D static models were built for 1-IB2, 2-IB2, 3-IB2, 
4-IB2, 10-IB2, 14-IB2, 1-IB1, 2-IB1, 3-IB1, 4-IB1, and 
5-IB1 reservoirs to delineate Doma field heterogeneity, 
characterise reservoirs within the field, support hydro
carbon volumetric assessment for field performance 
prediction.

The model is primarily built based on inputs from 
seismic, geological, and petrophysical evaluation pro
cesses described in the previous section of this 
research. The Schlumberger 3D static modelling work
flow was adopted in building the 3D geological reser
voir models for the probable hydrocarbon-bearing 
reservoir within the Doma field.

3.10. 3D structural grid design and modeling

The grid cells were set at 100 × 100 * 2 along I, J, and 
K directions, respectively, considering the areal extent 
of the field and thickness of the reservoirs. The three- 
dimensional structural grid was constructed with 
a combination of the fault network and seismic 

horizons. Fault modelling is the determination of the 
different faults in the model that served as the founda
tion for creating the 3D grid. The reservoirs within the 
Doma field are bounded by Northeast Southwest 
trending synthetic growth fault, which is the major 
fault within the field. There are other smaller synthetic 
faults observed in the deeper reservoirs. The lateral 
shape and geometry of these faults were defined by 
modelling. The 3D structural framework of Petrel soft
ware was based on the horizon and the modelled faults 
(Figure 6). The faults were built using key pillars and 
were constantly checked with the surfaces so as not to 
deviate from the original geometry of the fault 
(Figure 6). Fault Modelling was carried for all the 
shallow reservoirs (1-IB2, 2-IB2, 3-IB2, 4-IB2, 10- 
IB2, 14-IB2) (Figure 6) and deep reservoirs (1-IB1, 
2-IB1, 3-IB1, 4-IB1 and 5-IB1) (Figure 6) reservoir 
models. The modelled faults were then quality checked 
to ensure they accurately represent the input data and 
interpretation of 1-IB2, 2-IB2, 3-IB2, 4-IB2, 10-IB2, 
14-IB2, 1-IB1, 2-IB1, 3-IB1, 4-IB1, and 5-IB1 struc
tures as shown in Figure 6.

3.11. Vertical layering

Vertical layering of reservoirs 1-IB2, 2-IB2, 3-IB2, 
4-IB2, 10-IB2, 14-IB2, 1-IB1, 2-IB1, 3-IB1, 4-IB1 and 
5-IB1 3D grids were carried out by using:

(1) Main reservoir layers from seismic 
interpretation

(2) Zonations/Isochores maps from geological 
interpretation and

(3) Final vertical cell resolution defined by cell 
thickness/number of cell layers.

Figure 5d. Showing Time and Depth maps for all hydrocarbon bearing levels in Doma Field.
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Cell thickness was determined by rounding to the 
nearest whole number the result of dividing the max
imum observed well isochore of the zone by 2 ft.

3.12. Horizontal variogram analysis

A Variogram map (Figure 7) was generated from the 
porosity trend map to determine the major and minor 
directions of anisotropy. Sample Variograms for the 
major and minor directions were then computed. The 
orientation was defined using the anisotropy direction 
values derived from the Variogram map. Finally, 
a Variogram model was matched with the sample 
Variogram to create a best-fit model Variogram 
curve. Different ranges in Major and Minor directions 
are indicative of geometric anisotropy. The major axis 

is 5600, the minor is 3000 and the angle/azimuth is 45 
degree (Figure 7). These were used as input in litho
facies and the petrophysical modelling process.

3.13. Scale up well logs

The scale-up well logs process averages the values of 
the logs penetrated by wells to the cells in the 3D grid. 
Each cell gets one value per up-scaled log. These cells 
are later used as a starting point for property model
ling (Schlumberger 1989). When modelling electro- 
facies/litho-facies and petrophysical properties, a 3D 
grid cell structure is used to represent the volumes of 
the zones. The cell thickness will normally be larger 
than the sample density for well logs. As a result, the 
well log must be scaled up to the resolution of the 3D 

Figure 7. Horizontal Variogram Analysis.

Figure 6. 3D display of modelled faults with top & base surfaces in Doma Field.
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grid cells before any modelling based on well logs can 
be done (Schlumberger 1989). This process is also 
called blocking of well logs. The scale-up of effective 
porosity, permeability, water saturation, NTG, and 
lithofacies was done and they serve as starting input 
into the facies and petrophysical modelling of the 
eleven hydrocarbon-bearing reservoirs within the 
Doma field.

3.14. Electro-facies modelling

Facies logs were generated for all Doma wells by 
deriving shale and sand facies from Vshale curves 
based on a cut-off of 0.4. The cut-off value was derived 
from a cross plot of Vshale Vs. effective porosity 
(Figure 8). Generated facies logs were upscaled to 
place average values into the cells along the wellbore. 
Data analysis was carried out to QC and prepare 
inputs for facies modelling. This involves (1) 
Analysis of the distribution of facies vertically through 
the Doma field model and (2) Analysis of the distribu
tion in the thickness of facies bodies. Finally, facies 
were interpolated using the Sequential Indicator 
Simulation (SIS) algorithm. The Sequential Indicator 
Simulation (SIS) is a variogram-based categorical 
simulation technique which is implemented in most 
commercial software for geostatistical modelling. SIS 
is appropriate when there is no clear geological body 
geometry, and the spatial continuity is well described 
by variograms, for example, in highly diagenetically 
altered facies. Vertical proportion curves and vario
gram analysis results were incorporated to distribute 
the facies between wells across the area of interest.

3.15. Property and petrophysical modelling

The process of populating grid cells with discrete 
(facies) or continuous properties (i.e. porosity, perme
ability, and water saturation) once the geometric 

framework of the reservoir has been validated. The 
continuous properties were constrained to the facies 
model. The upscaled porosity curves (NTG, PhiT, 
PhiE & PermX) were modelled between cells using 
Sequential Gaussian Simulation (SGS) which is 
a computer-based algorithm that generates realisa
tions from a multiGaussian random function. It is 
commonly used in a geostatistical simulation for 
reservoir modelling to model continuous variables 
like porosity. SGS generates multiple equally probable 
realisations of a property, which can be used to quan
tify and assess uncertainty. This is different from the 
Kriging algorithm, which estimates the mean. SGS 
adds back in variability to undo the smoothing effect 
of kriging, which may provide a better representation 
of the natural variability of the property. Water satura
tion was distributed using the saturation height func
tion established from petrophysical evaluation 
parameters to compensate for the capillary pressure 
build-up and to account for the transition zone 
between 100% water zone and hydrocarbon zone. An 
exponential variogram with ranges of 5600 m and 
3000 m, as derived from horizontal variogram analysis 
discussed in the previous section, and 10 ft vertical was 
adopted for use in the property distribution.

3.16. Volumetrics

Reservoir fluid volumes were estimated from the geo
logical models, based on the contacts defined in the 
model. The 3D stochastic model allows the dependen
cies between the various input parameters to be trea
ted realistically and provides information on the 
spatial variability of the uncertainty. Gross rock 
volume calculations and Petrophysical parameters 
were used as input in the equation below for the 
estimation of oil originally in place, using all the 
water saturation modelling scenarios: 

Hydrocarbon volumetric uncertainty analysis was car
ried out by varying porosity and water saturation 
parameters using the uncertainty module in Petrel 
software. By varying these parameters, low, mid and 
high case volumes of hydrocarbon in place within the 
Doma field were generated. The computed volume 
and other parameters for the 1-IB2, 2-IB2, 3-IB2, 
4-IB2, 10-IB2, 14-IB2, 1-IB1, 2-IB1, 3-IB1, 4-IB1 and 
5-IB1 reservoirs are shown in Table 1.

3.17. Quantification of heterogeneity

A basic statistical tool was deployed in the quantifica
tion of heterogeneity from the computed and mod
elled petrophysical parameters within the study area. Figure 8. Electro-facies classification/definition.
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The statistical tool used in the quantification of het
erogeneity is the coefficient of variation. The coeffi
cient of variation (CV) is a measure of variability 
relative to the mean value. A homogeneous formation 
will have a co-efficient variation of zero, with the value 
increasing with heterogeneity in the dataset (Elkateb 
et al. 2003). The input for the quantification of hetero
geneity using the coefficient of variation method 
deduced from the equation is the mean and the stan
dard deviation.

4. Results

4.1. Structural seismic interpretation

The interpretation of seismic data provides a deep 
understanding of the structural architecture and geo
metry of the subsurface reservoirs in the Doma field. 
The Seismic interpretation was carried out step by step 
following the methodology highlighted above for an 
easy and detailed understanding of the structural con
figuration of the Doma field.

The variance edge and structural smoothening 
volume seismic attribute previously discussed in 
Figure 5b above indicated that systems of two parallel 
oriented faults characterise the Doma field. The two 
major Faults are trending NE-SW and are both dip
ping south-eastern direction. Both faults run through 
the entire field thereby creating compartmentalisation 

within the field. The F1 fault extends laterally and 
vertically from reservoir 1-IB2 to 5-IB1. The crest of 
the structure collapsed against the F1. Other minor 
intraformational faults exist in the deeper reservoir 
from reservoir 1-IB1 to 5-IB1. They are intra-fault 
and thus did not form any compartmentalisation of 
the reservoirs. The parallel relationship of F1 and F2 is 
sustained in all reservoir levels within the Doma field. 
These faults are interpreted as normal faults and are 
listric in nature indicating Syn-depositional extensive 
tectonic regime. The faults F1 and F2 trending NE-SW 
break up the field into North-Western and South- 
Eastern flanks and they control the major compart
mentalisation within the field. The North-Western 
flank is the only area where wells were drilled, thereby 
limiting interpretation and analysis to this region of 
Doma Field (Figure 5) above.

4.1.1. Horizon interpretation
The well correlation panel shows eleven (11) hydro
carbon-bearing sands were correlated across wells. 
These sand tops were tied to seismic during the seis
mic to well ties discussed above and were subsequently 
mapped across the entire seismic volume as discussed 
above. All eleven interpreted horizons displayed the 
structural framework and the faulting pattern of the 
study area. Fault Patterns were seen to be consistent in 
horizons 1-IB2 to 14-IB2 (Figure 5) since the 

Table 1. Showing Hydrocarbon Volume computed in the Doma field.
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interpreted seismic events are not far from each other. 
Also, the fault pattern observed in horizon 1– 
IB1–5-IB1 is similar (Figure 5). Relationships exist 
between the generated time maps of the interpreted 
horizons and the converted depth maps as there are no 
observable changes in the structure (Figure 5).

4.1.2. Petrophysical analysis
The wells, Doma 1, Doma 1st2, Doma 2, Doma 2st, 
and Doma 2st2 were drilled to a total depth of 10,500  
ft 10,463 ft 10,219 ft, 8316 ft, and 15,300 ft TD, respec
tively. The Doma 1 and Doma 2 are wildcat while 
Doma 1st2, Doma 2st1, and Doma 2st2 were appraisal 
wells. They all contain basic suites of well logs that 
were used in this research. Twenty-two (22) reservoirs 
from 1-IB2 to 5-IB1 were identified and correlated 
across the wells to establish the lateral continuity of 
the sand body package and their thickness/vertical 
variation within the field. These reservoirs were iden
tified and correlated based on the GR, ILD and 
N-D log signature. Sand and Shale baseline of 70API 
was identified to distinguish sand from shale lithology. 
GR reading lower than 70API is interpreted as sand 
lithology while greater than 70API is interpreted as 
shale lithology. Sand lithology that has 
a corresponding ILD greater than 1.5ohms is inter
preted as hydrocarbon-bearing sand, while those with 
ILD less than 1.5 ohms is interpreted as water-bearing 
sand. The neutron-density crossover was used in deli
neating hydrocarbon-bearing sand into oil and gas- 
bearing. The Reservoirs 1-IB2-14-IB2 were seen by 
Doma 2 and Doma 2st2, while reservoirs 1-IB1-5-IB1 
were penetrated by all the wells within the field. The 
net sand thickness varied from 9.06 ft in 5-IB2 in 
Doma 02 to 64 ft in 4-IB1 in Doma 01. Reservoir 10- 
IB2, 14-IB2, 1-IB1, and 2-IB1 were all oil bearing, 
reservoir 1-IB2, 2-IB2, 3-IB2, 4-IB1, and 5-IB1 are 

gas bearing while 4-IB2, and 3-IB1 contain both oil 
and gas. Doma 01 well saw ODT in reservoir 1-IB1 
and 2-IB1 at 5766 ft, 5829 ft SSTVD while Doma 1st2 
saw ODT in 1-IB1 and 2-IB1 at 5682 ft and 5744 ft 
TVDSS, respectively. Doma 02 saw ODT in 10-IB2 
and 14-IB2 at 5183 ft and 5697 ft TVDSS. Doma 01 
saw GDT in 4-IB1 and 5-IB1 at 6387 ft and 6499 ft 
TVDSS while Doma 1st2 saw GDT in 4-IB1 and 5-IB1 
at 6189 ft and 6374 ft TVDSS, respectively. Doma 02 
and Doma 02st saw GDT in 3-IB2 at 4265 ft and 4081  
ft TVDSS, respectively, and Doma 02 saw GOC and 
OWC at 4504 ft and 4523 ft TVDSS in 4-IB2 reservoir, 
respectively. Reservoirs 1-IB1, 2-IB1, 4-IB1 & 5-IB1 
are wet in Doma 02 ST1 and Doma 02. The evaluation 
log plot of some of the hydrocarbon-bearing reservoirs 
is displayed in Figure 4.

The effective porosity values within the Doma field 
range from 24% in sand 14-IB2 to 33% in sand 2-IB2 
sands while NTG ranges from 31% in 3-IB2 to 92% in 
2-IB2 reservoir. The values of water saturation com
puted range from 11% in 2-IB2 to 50% in 3-IB1 reser
voir. Table 2 shows petrophysical summaries of Doma 
field wells.

5. Discussion

5.1. Geological reservoir modelling

5.1.1. Structural and Stratigraphic Models
The structural models reveal that the reservoirs within 
the Doma field build and collapse towards the 
Northeast-Southwestern trending major fault that 
dips south-eastern direction (Figure 6). The major 
(regional) growth fault is elongated along NE-SW 
trending faults that assisted the reservoir dip closure 
in trapping the reservoir oil. The vertical stratigraphic 
sequence of the reservoirs in the Doma field depicts 

Table 2. Showing Petrophysical Summaries for Doma Field wells.
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a marine regression. Based on the GR log motifs, the 
reservoir sand depicts a coastal deltaic progradation 
with a coarsening upward para-sequence architecture. 
The major fault within the field is extensive and is cut 
across all the hydrocarbon-bearing reservoirs from 1– 
IB2–5-IB1. The other faults within the field are minor 
in nature and aid compartmentalisation in reservoirs 
1-IB1, 2-IB1, and 3-IB1. The structural modelling of 
the Doma field thereby conforms with and validates 
the structural configuration of the field that was 
obtained from the depth grid maps during seismic 
interpretation.

5.1.2. Facies modelling
The views of the lithological/electro-facies/rock type 
model of reservoirs 1-IB2, 2-IB2, 3-IB2, 4-IB2, 10-IB2, 
and 14-IB2 are displayed in Figure 9. The electrofacies/ 
rock-type models revealed the lateral distribution of sand 
and shale Electro-facies within the Doma field. Laterally, 
it is evident in Figure 9 that reservoir 2-IB2 has better 

sand distribution indicating there are more sand rock 
types while 3-IB2 has the highest shale facies suggesting 
that there is more shale rock type within the reservoir. 
The percentage sand electro-facies are in the order from 
reservoir 2-IB2, 14-IB2, 1-IB1, 4-IB1, 2-IB1, 3-IB1, 4-IB2, 
5-IB1, 10-IB2, 1-IB2 and least in 3-IB2. Only reservoir 
2-IB2 has excellent sand lithology distribution across the 
entire Doma field indicating that the reservoir will most 
likely have excellent porosity and permeability properties 
which are rock types-based parameters.

5.1.3. Petrophysical Property Modelling
The modelled reservoir’s porosity, permeability, and 
net-to-gross ratios are usually good, except for the 
southern and eastern regions, which exhibit significant 
variation and variability. PHIT models are displayed in 
Figure 10, PHIE is displayed in Figure 11, NTG models 
are displayed in Figure 12, permeability models are 
displayed in Figure 13, and water saturation models 
are displayed in Figure 14. The average effective 

Figure 10. Reservoir 1-IB2, 2-IB2, 3-IB2, 4-IB2, 10-IB2 & 14-IB2 PHIT Models and geologic cross sections.

Figure 9. Reservoir 1-IB2, 2-IB2, 3-IB2, 4-IB2, 10-IB2 & 14-IB2 facies Models and geologic cross sections.

NRIAG JOURNAL OF ASTRONOMY AND GEOPHYSICS 13



Figure 12. Reservoir 1-IB2, 2-IB2, 3-IB2, 4-IB2, 10-IB2 & 14-IB2 NTG Models and geologic cross sections.

Figure 11. Reservoir 1-IB2, 2-IB2, 3-IB2, 4-IB2, 10-IB2 & 14-IB2 PHIE Models and geologic cross sections.

Figure 13. Reservoir 1-IB2, 2-IB2, 3-IB2, 4-IB2, 10-IB2 & 14-IB2 Permeability Models and geologic cross sections.
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porosity ranges between 20% and 40% while the model 
permeability is greater than 0.1mD indicating that the 
reservoirs within the Doma field have excellent pore 
spaces that are interconnected, which is required for 
easy transmission/mobility of hydrocarbon into the 
producer well during the production stage.

5.2. Volumetric computation

Hydrocarbon volumes estimated from the 3D reser
voir models for all the hydrocarbon-bearing reservoirs 
in the Doma field are displayed in Table 1 and it shows 
that reservoir 4-IB2 has the lowest STOIP of 3MMSTB 
of oil, while reservoir 2-IB2 has the highest STOIP of 

Figure 14. Reservoir 1-IB2, 2-IB2, 3-IB2, 4-IB2, 10-IB2 & 14-IB2 Water Saturation Models and geologic cross sections.

Figure 15. Showing Coefficient of Variation of Hydrocarbon bearing reservoir in Doma field.
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16MMSTB of oil. Reservoir 4-IB1 has the highest gas 
in place of 34.35 BSCF, while 4-IB2 has the lowest 
GIIP of 0.76 BSCF. Based on uncertainty analysis, 
the low case, base case, and high case cumulative 
volumetric for oil is 43.63MMSTB, 56.72MMSTB, 
and 71.34MMSTB and gas is 73.65BSCF, 96.3BSCF, 
and 120.59BSCF, respectively. Table 1 shows these 
hydrocarbon volume in the Doma field.

5.3. Quantification and classification of reservoir 
heterogeneity

To quantify and classify the heterogeneous nature of 
reservoirs within the Doma field, the basic statistical 
tool was adopted as discussed above. The coefficient of 
variation of log-derived porosity from petrophysical 
analysis and 3D geological reservoir model are pre
sented in Figure 15. The coefficient of variation com
puted from log-derived porosity varies from 0.14 in 
reservoir 1-IB1 to 0.44 in reservoir 14-IB2. While the 
coefficient of variation computed from the 3D model 
porosity varies from 0.21 in reservoir 2-IB1 to 0.45 in 
reservoir 14-IB2 (Figure 15). These values suggested 
that the Doma field is characterised by weak to med
ium intra-formational heterogeneity with reservoir 
1-IB1 being least heterogenous and 14-IB2 being the 
most heterogenous within the field.

6. Conclusion

The integrated reservoir characterisation and 3D geolo
gical reservoir trend modelling of rock properties utilis
ing well-logs and seismic data for 3D architectural sand 
body geometry and heterogeneity delineation, geological 
reservoir trend modelling, quantification of heterogene
ity, and assessment of hydrocarbon beyond well control 
within the Doma field have been done. This research has 
further buttressed the efficacy of well and seismic data 
integration in 3D geological reservoir modelling opera
tions. Also, the study has shown the application of sta
tistical tools in quantifying reservoir model heterogeneity 
and thus created a reference model for siliciclastic reser
voir heterogeneity classification in the Niger Delta area. 
The low case, base case, and high case cumulative volu
metric for oil is 43.63MMSTB, 56.72MMSTB, and 
71.34MMSTB, and for gas is 73.65BSCF, 96.3BSCF, and 
120.59BSCF, respectively, which indicated that Doma 
field contains hydrocarbon that can be produced in 
commercial quantity. The application of a statistical 
tool (coefficient of variation) for the quantification of 
the reservoir heterogeneity revealed a weak to medium 
heterogeneous classification of the Doma field.
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Abbreviations

GR Gamma Ra Log
ILD Induction Resistivity
NPHI Neutron Porosity
RHOB Bulk Density
PHIT Total Porosity
NTG Net-to-Gross
Sw Water Saturation
PHIE Effective Porosity
STOIP Stock Tank Oil Initially In Place
GIIP Gas initially In-Place
MMSTB million Stock Tank Barell
BSCF Billion Standard Cubic Feet
3D Three Dimensional
mD Milli Darcies.
ST Side Track
SSTVD Sub Sea True Vertical Depth
ODT Oil-Down-To
GDT Gas-Down-To
GOC Gas oil Contact
OWC Oil-Water-Contact
GRV Gross Rock Volume
Φ Porosity
Bo Oil formation volume factor
Bg Gas formation volume factor
SGS Sequential Gaussian Simulation
SIS Sequential Indicator Simulation
API Aerican Petroleum Institute
N-D Neutron – Density
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