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Abstract

This study aims to assess the petrophysical characteristics of the reservoirs in the Fana Field of the
Paleogene Sokor_1 system of the Termit Basin and generate a 3D static model of the field. This study
integrated all the available data, well logs from four exploratory wells, and a 3D seismic section. The
five hydrocarbon-bearing units (E_1, E_2, E 3, E_4, and E_5) have been identified. The average
petrophysical values of the reservoir in the Paleogene Sokor-1 revealed that E_1 is the best reservoir
with low water saturation, good porosity, and excellent permeability. The delineated net-pay thickness
of the reservoirs (19.82m, 37.88 m, 55.27 m, 15.26 m, and 23.78 m) was respectively estimated. The
effective porosity of the reservoirs was identified to be 20.66 %, 18.79 %, 18.33 %, and 13.15 %.
The permeability of the reservoirs (1774.86 mD, 1535.82 mD, 1300.09 mD, 1325.42 mD, and 1339.66
mD respectively) was identified. The water saturation is 28.63 %, 43.70 %, 50.34 %, 61.34 %, and
69.48 % respectively. Stratigraphically, the shale thickness below and above each reservoir can also
act as seals for trapping the hydrocarbon accumulation. The seismic interpreted faults trend NW-SW
and NNW-SSE. This study showed that the Paleogene Sokor_1 Formation in Termit Basin is an
exceptionally promising reservoir with strong indications of significant hydrocarbon-bearing zones..

Keywords: Petrophysical properties, Atatic model;, Hydrocarbon potential; Fana Field; Termit Basin.

1. Introduction

The NW-SE trending Termit Basin covers an area of 27,000 km?, located between the Bornu
Basin in northeastern Nigeria and the Tefidet, Tenere, Grein, and Kafra grabens (northern
Niger Republic). Termit Basin is considered the second largest oil-bearing basin, after the
Muglad Basin, in the Central and Western African Rift System (WCARS) [1-51, The production
capacity of the Termit Basin has reached nearly 12 x 104 barrels of crude oil per day, while
one of the main high-yield oil field discoveries of the Termit Basin is found in the Eocene
Sokor-1 Member.

The Fana Field is located in the central part of the Termit Basin, (Figure 1). Hydrocarbons
have been discovered in the surrounding fields of the Fana Field namely Goumeri, Jaouro,
Abolo, Hadara, Dibeilla, and Kaido Fields. Hydrocarbon production has not started yet in the
Fana Field, only exploration activities are ongoing with few exploratory wells.

Several authors have identified the Paleogene Sokor Formation and the Cretaceous Yogou
Formation as the two sets of reservoirs, in the Termit Basin, including [2-3 6-12] considered the
Fana low uplift as the most favourable exploration zone in the Termit Basin based on its
relatively well-developed fractures for hydrocarbon migration and accumulation.
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Figure 1. Regional geological map showing (a) indicating the Termit Basin [2]1, (b) base map showing
Fana Field with four wells and the seismic lines.

Therefore, information on the petrophysical properties of the Paleogene Sokor_1 sand-
bodies in the Fana Field is rarely discussed in published reports. This study aims to utilize well
logs and 3D seismic data to generate robust 3-D reservoir models for the Fana Field of the
Termit Basin (Niger Republic), which allows for proper visualization of the heterogeneous
nature of the reservoir properties (porosity, permeability, water saturation, and hydrocarbon
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saturation) and to improve the understanding of the lateral distribution of the reservoirs and
hydrocarbon potential.

Volumetric calculations, well location, production optimization, and reservoir simulation are
the core of reservoir modelling [*3]1, The reservoir model typically comprises dynamic (such as
fluid flow) and static (such as lithology and porosity) geological information [*3], The geometry
and architecture (property) of hydrocarbon reservoirs adequately define the three-dimensional
(3D) modelling [*41, Since the Fana Field is highly attractive for new oil and gas explorations,
there is a need in this study for the integration of geological and geophysical data (well logs,
seismic data, formation evaluation, and 3D modelling), for the delineation of reservoir
geometry and identification of new opportunities in the field.

1.1. Geologic setting of the study area

The Termit Basin is a Mesozoic-Cenozoic superimposed rift basin seated on the
Precambrian-Jurassic basement ['5]1, The Termit Basin, in the southeast of Niger, lies to the
north of the Central African shear belt, and geotectonically belongs to the northern branch of
the West African rift system [*5], It covers an area of 27,000 km? and it contains over 12,000
m thick, which is a large structural depression in the Niger Republic [1,

The eastern part of the Basin, where Fana Field is located, is made up of two distinct
tectonostratigraphic areas: an asymmetric rift extensional system with Mesozoic-Cenozoic
sedimentary successions on top of a Precambrian Crystalline Basement and a Cambrian-
Jurassic epimetamorphic basement [*11, The sedimentary covers in the Termit Basin are
composed of the Cretaceous, Paleogene, Neogene, and Quaternary (Figure 2).
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Figure 2. (a) Termit Basin location [2I; (b) Units division of the structural composition of the Termit Basin [2°];
(c) Termit Basin’s stratigraphic column [21-23]; (d) Formations and seismic section in the Termit Basin [24],

The tectonostratigraphic units of the Termit Basin include five main Formations namely
Donga, Madama, Yogou, Sokor-1, and Sokor-2 ['1, The Cenomanian-Coniacian Donga
Formation is comprised of marine clastic shale interbedded with thin and fine sand deposits [21.

Comprising broad strata of mudstone and shale, the Campanian-Santonian Yogou
Formation is approximated to have a thickness spanning 300 to 1000 m, and is considered a
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highly productive source rock in the Niger Rift Basin. The Madama Formation consists of fluvial
sandstone, deposited during the Maastrichtian due to regression accompanied by epeirogenic
deformation [*71, A 100-200 m thick Madama Formation serves as the top reservoir [17],

The Alternances de Sokor, also known as the Sokor-1 Formation comprised of fluvial deltaic
sandstone interbedded with mudstone and shale ['8l, The Paleogene-Eocene Sokor-1
Formation sandstones are deposited during the second phase rifting phase. The predominant
composition of reservoir rocks in the basin consists mainly of sandstones of the Sokor-2
Formation. Meanwhile, lacustrine mudstones within the same Formation serve as seals [2:19],
The Sokor-2 Formation, with a thickness of 30-1100 m, represents early Oligocene syn-rift
lacustrine mudstones discovered in the Termit Basin [2],

2. Materials and methods

3D PSTM seismic data (SEG-Y Format) and a suite of well log data (LAS Format) from four
exploratory wells drilled in the Fana Field, Termit Basin were provided by the Centre of
Petroleum Documentation (CPD) of the Ministry of Petroleum, Niger Republic.

The details of available log information of each well including check shot data, headers, and
well deviation are shown in (Table 1). The 3D PSTM seismic data (SEG-Y Format), recorded in
the Koulélé bloc, covers the area of Fana Field in the Termit Basin and was utilized in this
study. The 3D seismic data covers an area of about 1500 km?2. The seismic data was acquired
with a grid consisting of 5100 inline spaced 12.50 m apart, starting from inline 418 and ending
at inline 5518. The crosslines were recorded at intervals of 25 meters, with 800 crosslines
ranging from crossline 82 to crossline 88.

Schlumberger (Petrel™) software was used for the well correlation, seismic interpretation,
and 3D modelling of the field. The adopted workflow of the study is shown in (Figure 3). The
calculated petrophysical parameters namely net-to-gross (NTG), shale volume (Vsh), porosity
(D), permeability (K), water saturation (Sw), and hydrocarbon saturation (Sn) of the identified
reservoirs in four wells were estimated.

Data Collection and Quality Check
(Well logs and 3D Seismic Section)

|
| |

‘ Import Check shot, Import 3D Seismic Data ‘

Import Well Header, logs and Well Deviation

‘ Well Correlation Well-log Analysis and Reservoirs Identification

. .‘.I T T T LT T T TP PP R P
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Seismic Interpretation Faults Interpretation
)
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Generation Generation
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Figure 3. Workflow of the study.
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Table 1. Well Logs List of available wells in the Fana field.

Well names Fana W_1 Fana E_1 Fana N_2 Fana 2
Well headers v
Well tops

Deviation

Check shot

Gamma-Ray
Resistivity
RHOB

DT

Calip

NPHI

NOTE: Available and unavailable data connotes (x) and (U) respectively.

Well Logs

ANANENE NN NEEHESIRNEN
ANANENE NN NEEHESIRNEN
AN NN RN

AVANENENENENENENEN

2.1. Structural interpretation and 3D modelling
2.1.1. Seismic-to-well tie and seismic interpretation

After the petrophysical evaluation of the reservoir, the sonic log was calibrated using the
check shot data of well Fana N_2 and the Riker wavelet method. A wavelet extraction window
is used to obtain the extracted wavelet and perform bulk shifting for a precise tie. Bulk shifting
was applied during the synthetic seismogram generation at a rate of 10 milliseconds to better
match the process seismic with well-log across the five reservoirs (E_1, E_2, E_3, E_4, and
E_5) of the wells in the Fana Field. The variance volume attribute has been applied to the
seismic section to improve fault trace along the time slice (Z= -5998.00 m), which also
assisted to improve the quality of the seismic section and get a clear view of various structures
and discontinuity in our seismic section.

2.1.2. Generation of time and depth structure maps

Time structure maps were generated using the mapped horizons and fault polygons. From
the time structure maps, depth maps were built using the velocity data of the well Fana N_2.
The nonlinear function order 3, has a good match and demonstrated no substantial structures
on the time and depth surfaces.

3. Results and discussion
3.1. Well correlation and lithology identification

In this study, the first step involves identification of the lithologies on well logs, and then
lithostratigraphic well correlation across the Fana Field. Consequently, an unconformity
surface is detectable when there is an abrupt increase in gamma-ray, sonic, and resistivity
logs. The area where the gamma-ray reading is less than 75 °API was classified as a potential
reservoir, while the other part with a high gamma-ray reading (greater than 75 °API) is
considered as shale. The lithological interpretation shows the typical stratigraphic sequence of
sand and shale across the wells in the field. The five identified reservoir units (E_1, E_2, E_3,
E_4, and E_5) were correlated across the four wells namely Fana W_1, Fana N_2, Fana_2,
and Fana E_1 (Figure 4).

The average reservoir thickness for E_1, E_2, E_3, E_4, and E_5 include 25.61 m, 46.58
m, 70.42 m, 20.53 m, and 31.98 m respectively. E_4 is the thinness reservoir, while E_2 is
the thickest reservoir. The five delineated hydrocarbon reservoir units (E_1, E_2, E_3, E_4,
and E_5) are within the Paleogene Sokor_1 Formation as discussed by Genik (1993). In the
four drilled exploratory wells in the field, the targeted hydrocarbon reservoirs of E_1 Formation
were successfully penetrated at depths of for the wells Fana W_1, Fana N_2, Fana E_1,
Fana_2, Fana E_1, respectively at 1306.73-1347.52 m, 1424.65-1435.96 m, 1133.08-
1166.76 m, 1159.79-1176.48 m.
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Figure 4. Gamma-ray log and Density-Neutron well correlation of the wells in the study area.
NOTE: Yellow colour for sandstone, black for shale, and grey for shaly sand formations.

3.2. Reservoir petrophysical properties

The reservoir parameters were interpreted for the four wells in the field. Five different
reservoirs (E_1, E_2, E_3, E_4, and E_1) were identified. The average resistivity (ILD), bulk
density (RHOB), and neutron-porosity hydrogen index (NPHI) were used to identify the oil-
bearing units in the reservoir. In this study, well logs were interpreted to estimate the
petrophysical characteristics of the reservoir as indicated in Table 2. The gamma-ray,
resistivity, sonic, and neutron density logs were integrated to estimate the gross thickness
and net pay, volume of shale, hydrocarbon and water saturation, and total and effective
porosity.

E_1 Reservoir

The reservoir's thickness varied between 11.31 m and 40.79 m throughout the four wells,
with an average gross thickness of 26.61 m, as seen in Table 3. The shale reservoir has an
average volume of 5.78%, indicating that it predominantly comprises clean sandstone across
the wells. The reservoir exhibited an average net pay of 19.82m and an average net total gas
(NTG) content of 73.45%, indicating the existence of hydrocarbon resources in the reservoir.
Nevertheless, the net-to-gross (NTG) declined in well Fana N-2, although Fana W-1 exhibits
the highest NTG. The reservoir exhibited an average effective porosity of 20.66% and a
permeability of 1,774.86 mD. Despite having the lowest average gross thickness, this
reservoir has superior quality as determined by several key parameters including Vsh, net pay,
NTG, porosity, and permeability. Based on the quality of each well, this reservoir has the
potential for hydrocarbon production.

E_2 Reservoir

The thickness of the reservoir ranged from 29.8 to 66.72 m throughout the four wells, with
an average gross thickness of 46.58 m as seen in Table 3. With an average shale volume of
8.7%, the shale content showed that the purity of this reservoir is comparable to that of sand
E_1. Among the four wells, the most favourable reservoir was identified in well Fana W-1,
exhibiting an average net pay of 37.88 m and an average net total gas (NTG) content of 79.68
%. The reservoir located in well Fana W-1 shows a net-to-gas (NTG) ratio of 86% indicating
a good probable hydrocarbon content. The reservoir indicated an average porosity of 18.79
% and a permeability of 1,535.82 mD. This reservoir exhibits a commendable quality based
on [251 and the measurements of Vsn, net pay, NTG, porosity, and permeability.
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Table 2. Summary of petrophysical parameters computed for the wells.
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Table 3. Average results of the petrophysical parameters of the wells.

Field Reservoirs G(rnczis Net Vg (gg) (\é/soh) (E/VOV) (P:{S; (E/I;])
E 1 25.61 19.82 73.45 20.66 5.78 28.63 1774.86 71.37
E 2 46.58 37.88 79.68 18.79 8.7  43.7 1535.82 56.31
';f‘er;g E 3 70.42 55.27 74.83 18.33 15.14 50.34 1300.09 49.66
E 4 20.53 15.26 73.36 17.65 5.27 61.34 1325.42 38.66
E 5 31.98 23.78 72.54 13.15 8.19 69.48 1339.66 30.52

E-3 Reservoir

Table 2 displays the reservoir's thickness, which ranged from 15.65 to 122.8 m throughout
the four wells. The average gross thickness is 70.42 m. E_3, with an average shale volume of
15.14%, has the highest shale composition among all the wells. The reservoir has an average
net pay of 55.27 m and an average net total gas (NTG) of 74.83%. The reservoir exhibited an
average permeability of 1300.09mD and a porosity of 18.33%. Despite possessing the highest
average gross thickness.

E-4 Reservoir

The reservoir has a range of thicknesses, spanning from 12.83 to 25.01 m, throughout the
four wells. The average gross thickness, as seen in Table 2, is 20.53 m. The cleanliness of this
reservoir is marginally superior to that of sand, as evidenced by the average shale volume of
5.27%. The reservoir exhibited an average net pay of 15.26 m and an average NTG of 73.36
%. Throughout the four wells, E_4 demonstrated the lowest net pay thickness. The reservoir
exhibited an average porosity of 17.65% and a permeability of 1,325.42 mD. Nevertheless,
the reservoir E_4 in the Fana Field meets the criteria for hydrocarbon production, especially
in well Fana W-1.

E-5 Reservoir

The reservoir has a range of thicknesses, varying from 13.4 to 49.67 m across the four
wells. Table 2 provides an average gross thickness of 31.98 m. The reservoir's shale
concentration, with an average volume of 8.19%, indicates that its cleanness is similar to that
of E_2. Among the four wells, the reservoir E-5 has the lowest porosity content, which is fair
according to [26], The estimated porosity of the reservoir is 13.15%, while its permeability is
measured at 1,339.66 mD. According to [?3], this reservoir demonstrates poor characteristics.
Across the wells in the field, reservoir E_1 stands out as the best reservoir based on its high
hydrocarbon saturation and effective porosity.

3.3. Seismic interpretation

The seismic interpretation involved the mapping of horizons and faults. Fana N_2 seismic
well tie results indicated that all reservoir tops are in the sand unit zone. The red horizons are
indicated in the shale unit zone. In the synthetic seismogram (Figure 5), the blue horizon
(negative amplitude) and red horizon (positive amplitude) represent the trough and the peak
respectively. The fault interpretation was carried out at each 10 inline, while the horizons
interpretation was mapped at each 25% inline and crossline. The seed grid of faults and
horizons was used to generate time surface maps and depth structural maps. Thirty-three
(33) major faults were mapped across the field. The identified fault types are normal faults
with a complex fault system (Figure 6). The fault system trend is NNW-SSE.
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Figure 5. (a) Check-shot profile of the well Fana N_2, and (b) the results synthetic seismogram from the
seismic well tie.

Figure 6. Inline 4577 shows the mapped faults and horizon (top and base) in the study area.

3.4. Time and depth structural maps

The faulted time map was generated from the mapped horizon and fault polygons. The time
surface maps showed a travel time ranging from 600 to 1240 ms at a contour interval of 135
ms (Figure 7a). The depth structure maps were then generated for all reservoirs (Figure 7b).
However, the difference between time surfaces and the depth surface maps gave reasons for
applying the velocity model to carry out the conversion.
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The contour interval time and depth structural maps is 300 m. From the mapped horizons
and faults, time structural maps have highs and lows (Fig. 8). In the western and central parts
of the study area, the reservoir surfaces are faulted most severely. The highs are displayed in
orange-yellow colouration while the lows are shown in blue colouration. Since hydrocarbon
migrates from lower to higher elevations (purple-blue colouration), the wells in this field are
located on high-elevation terrain with closed contours.
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Figure 7. Reservoir top showing Time-Surface map (a), and Depth-Surface map (b).

Mid
Skeleton

Figure 8. Reservoir Top showing 3D cellular gridding components of the structural model.
3.5. 3D Static models

The 3D structural grids were generated to build the static model of the reservoir (Figure 8).
The created structural model shows different orientations of normal faults in the skeleton. This
model provides further information gathered from the depth structure map.

The 3D static models were generated for the volume of shale (Vsn), porosity (total and
effective), water saturation (Sw), and permeability distribution in the Fana Field. The shale
volume model indicates that the shale content is higher (24-44%) in the northeast and
northwest of the field, and low in the southern part (Figure 9). For the analysis and
comparison, the upscaled histogram of water saturation and total porosity is displayed and
indicates a very close level as indicated in (Figure 10).

The 3D view of the porosity distribution (effective and total) shows values ranging between
8-21% for the effective porosity and between 17-25% for total porosity in the northern part
of the field around well Fana E_1 and Fana_2 (Figure 11; Figure 12). Based on [25] the
qualitative description of porosity in this field showed good to very good reservoirs. Therefore,
the range of porosity values indicated that sandstone can be considered a good hydrocarbon
reservoir. The generated permeability model showed the value was spatially distributed above
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1,000 mD which showed excellent reservoir quality across the reservoir (Figure 13). The 3D
model showed that all four wells penetrated the hydrocarbon-bearing zones. Meanwhile, the
southern parts of the area farther from the well locations demonstrated poor to fair
permeability, ranging from 1 to 1000 mD.

The water saturation model shows the
distribution of water in the field. The model
showed low water saturation values (10-
20%) around well Fana E_1, Fana W_1, and
Fan N_2, in the northeast while it is high
(40-70%) around well Fana_2 in the north-
central part of the Field (Figure 14). The low
water saturation areas are expected to have
high hydrocarbon saturation. These low
water saturation areas are indicative of
being saturated with more hydrocarbons
W | hile the zones with high water saturation
Figure 9. 3D distribution model of the shale contain less hydrocarbon saturation.
volume across Fana Field.
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Figure 10. Histogram of upscaled water saturation (Sw) logs model in percentage (a), upscaled and model
percentage are in agreement, and upscaled effective porosity (PHIE) logs model in decimal.

Figure 11. The 3D distribution model of the total Figure 12. The 3D distribution model of the
porosity across Fana Field. effective porosity across Fana Field.
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Figure 13. The 3D distribution model of the Figure 14. The 3D distribution model of water saturation.
permeability across Fana Field.

3.6. Implications on hydrocarbon prospectivity

The sandstone of the Paleogene Sokor-1 Formation has mainly quartz (> 90%), feldspar,
and rock debris and can be regarded as highly compositional mature sandstone [271, The
sandstones interbedded with shale members of the Sokor-1 Formation in the Termit Basin
have good porosity values (average porosity of 20% - 28%), and permeability from 250 md
to 1 Darcy [11]l, The reservoirs of the Sokor-1 Formation are less than 1,200 m deep in the
Trakes slope, with porosity ranging from 25% - to 30%, nearly all of the reservoirs of the
Sokor-1 Formation in Termit Basin possess medium to high porosity [27],

The computed results obtained through petrophysical evaluation indicated that all the
delineated hydrocarbon-bearing reservoirs in the Fana Field have good porosity and
permeability values and are hydrocarbon-saturated with potential for hydrocarbon production.
The mapped NW-SW and NNW-SSE trending faults could have served as migration paths for
Cretaceous (Donga and Yogou Formation)-sourced oil into Paleogene Sokor-1 sandstones or
younger reservoir units. This study showed the relevance of well logs and seismic data for
delineating structures and 3D models for hydrocarbon accumulation [28-291,

4. Conclusion

This study utilized well logs and seismic data to provide subsurface information on the
petrophysical properties of identified sand bodies across the Termit Basin of the Niger
Republic. The petrophysical properties namely net-to-gross, volume of shale, porosity,
permeability, and fluids saturation were evaluated. Five (5) identified reservoirs (E_1, E_2,
E_3, E_4, and E_5) were significantly defined, where E_1 stands as the best reservoir with
low water saturation, good porosity, and permeability. helped to confirm the presence of good
reservoir-quality sand in the identified reservoirs.

The seismic interpretation was done to complete reservoir evaluation by generating a 3-D
static model of the reservoir in the Fana Field. The structural system and discontinuity of the
studied field were identified using seismic interpretation. The structural interpretation revealed
that the Termit basin is highly faulted and reservoirs are mainly faulted-assisted traps. The
interpreted faults are mostly normal and oriented in directions NW-SW and NNW-SSE.

This study has shown that the reservoir properties distribution in the Fana Field from the
generated model gives confidence of a good hydrocarbon accumulation.
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