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ABSTRACT

The overpressure mechanisms in the NGE Field, located offshore in the Niger Delta, were investigated using a
cross-plot analysis of rock properties and seismic velocities. Overpressure, which is primarily caused by
disequilibrium compaction and unloading mechanisms, poses significant challenges during hydrocarbon
exploration and drilling operations in the region. Wireline log data (sonic, density, resistivity, and gamma-ray
logs) and 3D seismic data were employed to delineate overpressure zones and estimate their magnitudes using
Eaton's and Bowers' methods. These data sources collectively provide critical insights into pore pressure,
compaction, fluid saturation, lithology, and structural context, which are essential for accurate delineation of
overpressure zones. Three distinct overpressure zones A, B and C were identified across the NGE X, Y, and Z
wells, with depths ranging from 7,600 to 12,700 feet. The primary cause of overpressure in zones A and B is
disequilibrium compaction, indicated by deviations from the normal velocity trend, with pressure values
slightly above normal levels, typically around 0.5 to 1.0 psi/ft. In contrast, unloading due to tectonic stress is
responsible for the high overpressure in zone C, where pressures can exceed 1.5 psi/ft. The results demonstrate
that faults, particularly major growth faults in the region, played a critical role in overpressure development,
with wells drilled across fault planes exhibiting higher overpressure magnitudes. The need for integrating
seismic and well log data for accurate pore pressure prediction is therefore emphasized in this study,
highlighting the importance of understanding overpressure mechanisms for safer and more efficient
hydrocarbon exploration in the complex geological settings of the Niger Delta.

Key Words: Over Pressure Mechanisms, Forecasting Over pressure, Rock Properties, Seismic
Velocities

INTRODUCTION

Hydrocarbon-bearing basins worldwide are often associated with at least one pressure regime, having
significant impact on exploration and exploitation of the resource (Wang, 2016 and Ganguli and Sen, 2020).
Normal, overburden and formation or pore pressures are the three basic types of pressure that exist in
hydrocarbon reservoirs. Formation or pore pressure is the pressure exerted by fluids within the pore spaces of
rock formations. Pore pressure is known to be related to a host of geological processes such as tectonics, fluid
expansion, lateral transfer disequilibrium compaction, etc. But the Niger Delta basin is mostly associated with
disequilibrium compaction of shales (Swarbrick and Osborne, 1998; Gutierrez et al., 2006; Olatunbosun, 2014;
Eze et al., 2018).This pressure can vary significantly depending on geological conditions and can be classified
as normal, abnormal (overpressure), or subnormal (Fertl, 1981; Bjerlykke and Hgeg, 1997; Harold, 2001,
Godwin, 2013; Hamid, 2013; Rezaee, 2015; Atashbari, 2016; Oloruntobi, 2019; Zhang et al., 2020; Abbey et
al., 2020; Eyinla et al., 2021; Nwonodi and Dosunmu, 2021 and Birchall et al., 2022).

Page 532

www.rsisinternational.org


https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/
https://doi.org/10.51244/IJRSI.2025.12010048

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (1JRSI)
ISSN No. 2321-2705 | DOI: 10.51244/1JRSI |Volume XI1 Issue | January 2025

w ! % 2
%, §
¢ RSIS ~

Normal formation pressure aligns with hydrostatic conditions, while overpressure or abnormal formation
pressure exceeds hydrostatic levels, often requiring additional measures during drilling to manage potential
influxes of formation fluids. Overpressure in sedimentary formations can arise from several geological
activities, including compaction disequilibrium, hydrocarbon generation, gas cracking, aqua-thermal
expansion, and tectonic compression (De Souza, 2020 and Li et al., 2022).. Subnormal formation pressures on
the other hand, are those that fall below hydrostatic levels, typically resulting from geological changes such as
uplift or fluid extraction (Louden, 1972 and Barker, 1987). Among these pressure regimes, overpressure (high
abnormal formation pore pressures) poses considerable operational risks during drilling operations (Carvajal
and Sierra, 2020; Akrout et al., 2021 and Ovwigho et al., 2023). Understanding the mechanisms behind
overpressure is crucial, particularly in highly prolific basins like the Niger Delta (Odesa et al., 2024), which is
characterized by complex geological processes that contribute to abnormal pressure conditions.

The Abnormal pressure conditions are categorized into three primary mechanisms: loading, unloading, and
tectonic stress. The loading mechanism relates exclusively to reservoir conditions, where rapid sedimentation
confines pore fluids within the formation, leading to increased pore pressure. Conversely, unloading
mechanisms result from fluid expansion or erosional uplift that rapidly increases pore pressure by releasing
confined sediments. Tectonic stress mechanisms occur in zones where fluid expulsion cannot keep pace with
rapid increases in tectonic stress (Swarbrick and Osborne, 1998; Shunhua et al., 2006; Gutierrez et al., 2006;
and Alias, 2011).

In the Niger Delta Basin, geological conditions favour the development of overpressure zones primarily due to
disequilibrium, compaction and unloading effects. The region's young geological age and predominant shale
lithology make it particularly susceptible to these overpressure mechanisms (Zhang et al., 2021 and Alao et al.,
2014). Accurate prediction of overpressure relies on understanding compaction-dependent geophysical
properties such as sonic velocities and density measurements. Shales are particularly responsive to
overpressure changes, making them critical for pore pressure prediction (Mavatikua, 2005; Oloruntobi, 2019
and Unuagba et al., 2021)

The significance of accurately predicting and estimating overpressure cannot be overstated. Catastrophic
incidents like kicks, blowouts, environmental pollution, and loss of life can occur if these pressures are not
adequately assessed before drilling (Alao, 2014; Eze et al., 2018). This study aims to mitigate these risks by
employing well logs and seismic data to predict and estimate overpressures in the NGE Field of the Niger
Delta. By identifying overpressure zones and estimating their magnitudes, this study contributes to safer
exploration practices in a region known for its complex pressure dynamics.

This study also attempts to delineate overpressure zones within the NGE Field and estimate their magnitudes
using advanced analytical techniques. Specific objectives employed to achieve this aim include predicting
overpressure through analysis of Overburden and Normal Compaction Trends (NCT) derived from density and
sonic logs; applying Eaton's and Bowers' equations for pressure estimation; delineating under-compaction and
unloading trends through cross-plot analysis of velocity and density; and conducting a structural interpretation
of seismic data to assess the influence of tectonic stress mechanisms.

While existing methodologies for pore pressure prediction using wireline and seismic data have proven
valuable, they often lack the depth required for comprehensive analysis. This study seeks to enhance these
methodologies by estimating overpressures at various depth intervals, thus providing a more thorough
understanding of pressure dynamics, improving the accuracy of pore pressure predictions, ultimately
enhancing safety and efficiency in hydrocarbon exploration activities.

The Niger Delta Basin, located between latitudes 3° and 6° N and longitudes 5° and 8° E (Figure 1), occupies a
significant part of the Gulf of Guinea continental margin in equatorial West Africa (Haack et al., 2000; Doust,
1990; Adegoke et al., 2017 and Odesa et al., 2024). Covering an area of approximately 75,000 km2, this basin
represents about 7.5% of Nigeria's landmass and is characterized by a low-lying floodplain that developed over
an older transgressive Paleocene prodelta. It is the youngest and southernmost of three large sediment bodies
formed following the separation of the African and South American plates (Ajakaiye and Bally, 2002;
Adegoke et al., 2017; Dim and Dim, 2021; Chukwu and Obiora, 2021 and Akpa et al., 2023). The Niger Delta,
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which is on the passive western margin of Africa, is one of the largest modern deltaic systems in the world.
The Delta is an arcuate, wave- and tide-influenced progradational complex. The Dahomey Basin borders it to
the west; the Abakaliki Fold Belt and Calabar Flank are at the eastern margins of the basin, while its northern
and southern limits are the Anambra Basin and the Gulf of Guinea respectively (Figure 2)
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Fig. 2. Tectonic map showing the Niger Delta (modified after Kogbe, 1989)

The stratigraphy of the Niger Delta is divided into three major lithostratigraphic units: The Akata Agbada and
Benin Formations (Table 1; Fig. 3). Akata Formation consists of predominantly marine shales deposited during
the Palaeocene to Recent and serves as the primary source rock for hydrocarbons in the region, characterized
by dark grey sandy silt shale with organic-rich layers at its uppermost sections (Short and Stauble, 1967). The
Akata Formation typically exceeds 4,000 feet in thickness and is known for its uniform shale development.
Agbada Formation: Overlying the Akata Formation, the Agbada Formation is a complex sequence of fluvio-
marine sands intercalated with shales. The formation is Eocene to Recent and can reach thicknesses of over
10,000 feet. The Agbada Formation contains significant hydrocarbon reservoirs within its sandy units, often
enclosed by structural traps such as rollover anticlines formed during sedimentary deformation (Ogbamikhumi
and Igbinigie, 2020).

The Benin Formation on the other hand is the uppermost unit, and consists of continental deposits
characterized by massive sandstones with intercalated shales. This formation is predominantly composed of
fresh water-bearing sands and gravel deposited in an upper deltaic plain environment. The thickness exceeds
6,000 feet but has limited hydrocarbon accumulation compared to the underlying formations (Kogbe, 1976).
The Niger Delta Basin is an extensional rift basin that formed during the late Jurassic to mid-Cretaceous period
due to tectonic activities associated with the breakup of the African and South American plates (Haack et al.,
2000). This geological evolution has resulted in a structurally complex basin characterized by high-angle
normal faults and shale diapirism caused by loading from overlying sediments (Luo, 2004 and Suppe, 2014).
The basin's tectonic structure can be divided into several zones: an extensional zone on the continental shelf, a
transition zone, and a contraction zone in deeper waters.

Page 534

www.rsisinternational.org


https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/

) % 2
2, 3
¢ RSIS ~

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (1JRSI)
ISSN No. 2321-2705 | DOI: 10.51244/1JRSI |Volume XI1 Issue | January 2025

Table 1: Formations of the Niger Delta Area and their relative age (After Short and Stauble, 1967)

SUBSURFACE SURFACE OUTCROPS
Youngest Formation Oldest Youngest Formation Oldest
Known Age Known Age Known Age Known Age
Recent (Short | Benin Oligocene Pleistocene Benin Oligocene
and  Stuable, | Formation (Obaje and | (Ojo and | Formation (Obaje and
1967) Amajor, 2000) | Rahaman, Amajor, 2000)
1989)
Pliocene Agbada Eocene Miocene Ogwashi Oligocene
(Dewey  and | Formation (Kogbe, 1978) | (Dixon, 1964) | Asaba (Nwajide,
Wolela, 1972) Formation 1990)
Middle Eocene | Ameki Early Eocene
) Formation (Avbovbo,197
(Obaje, 2009) 8)
Miocene Akata Palaeocene Early Eocene Imo Shale Late
(Petters, 1982) | Formation (Wright, 1985) Cretaceous
(Kogbe 1976) (Wright, 1985)
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Figure 3. Stratigraphic datasheet showing the three Formations of the Niger Delta. (Aminu and Olorunniwo,

2012).
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The interplay between sedimentation processes and tectonic forces has led to unique features such as
basinward dipping reflectors and shale diapirs originating from the Akata Formation. These structures play a
crucial role in hydrocarbon trapping mechanisms within the basin (Doust and Omatsola, 1990). Additionally,
episodes of structural collapse have influenced sediment transport patterns, leading to significant variations in
lithology across different depositional environments within the delta (Abam and Omuso, 2000 and Busari and
Adekeye, 2024). Understanding the stratigraphy and geological setting of this basin is essential for effective
hydrocarbon exploration strategies.

MATERIALS AND METHODS

The dataset utilized in this study comprised wireline log data, including sonic, density, resistivity, and gamma
ray logs, alongside three-dimensional seismic data in SegY format and check shot data. Prior to analysis, the
data underwent a meticulous organization and cleaning process using Microsoft Notepad and Excel to rectify
any errors, such as negative values. The seismic data were subsequently processed in Petrel to enhance various
attributes, notably faults and horizons.

For data importation, wireline data were integrated into Rokdoc, while the three-dimensional seismic data were
loaded into Petrel. This comprehensive dataset included geographical locations, well headers, and well
deviation information. Faults within the geological structure were identified based on reflection discontinuities
and other seismic anomalies. A compressional velocity (Vp) log model was constructed and calibrated with
check shot data to generate synthetic seismograms. This model was crucial for facilitating the tie between the
seismic data and well logs.

In predicting pore pressure from well logs, overpressure was estimated using sonic and density logs through
velocity reversals and effective stress trends. The effective stress (¢") can be expressed as:

o' =c-Pp
Where o is the total stress and Py is the pore pressure.
Terzaghi’s Method (1943) relates overburden stress to pore and effective stresses for estimating overpressure.

This method is based on the principle that the pore pressure increases as the effective stress decreases due to
the weight of the overburden. The equation can be represented as follows:

Pp=(k*o)-oc
Eaton’s Method (1975) utilizes sonic velocity to predict overpressure by analyzing deviations from standard

compaction trends. This method assumes that the sonic velocity decreases with increasing pore pressure,
allowing for the estimation of overpressure based on the measured sonic velocities. The equation is given as:

Pp=(Vn-Vs)/(Vn-Vp)

Bowers” Method (1995) amalgamates unloading, under-compaction, and normal compaction into a singular
equation for estimating pore pressure based on compressional velocity (Vp) and effective stress (o). This
method provides a more comprehensive approach by considering the effects of both unloading and under-
compaction. The equation can be represented as:

Pp=(C*Vp)-o

Each method was systematically applied to estimate pore pressure within the studied formation, yielding
valuable insights into zones of overpressure.

The pressure cell method was employed to differentiate pressures in sand and shale formations, leading to the
creation of a two-dimensional overburden trend model that illustrated effective stress variations. Key
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indicators of overpressure included noticeable changes in colour contrasts of pressure cells, shifts in density
trends, and deviations from expected effective stress values. The relationship between pore pressure and
compaction was examined through compressional velocity (Vp), density, and porosity logs; deviations from
normal compaction trends indicated instances of overpressure resulting from either under-compaction or
unloading mechanisms. Unloading was characterized by diminished grain contact stress alongside reduced
velocity without further loss of porosity.

RESULTS AND DISCUSSIONS

The results of this study are presented in terms of velocity determination for overpressure estimation, normal
compaction trend of the shale zone and top of the overpressure zone and cross-plots of rock properties of the
overpressure zones. The result of overpressure prediction from velocity determination of Wells X to Z in NGE
Field is presented in Figures 4(a-c). Three overpressure zones (top — bottom pressure range) were identified in
well NGE X based on reduced velocity signatures from the normal velocity travel trend (Figure 4a). The
overpressured zones were designated as; A (7600ft — 8800ft), B (9200ft — 10100ft) and C (10500ft — 11000ft)
(Table 2). Under-compaction (disequilibrium compaction) is believed to be the cause of overpressure in A and
B because the velocity trend slightly deflected away from the normal compaction trend in the depths of
overpressure zones aforementioned. At C, there was a sharp deflection from the normal compaction trend and
the magnitude of deflection in Figure 5a was larger than the deflections in overpressure zones A and B, thus
the cause of overpressure may be related to unloading. Further proof can be seen when shale density from the
overburden trend in Figure 4(a-c) is abnormally reduced and remains static at the same depth. The
identification of the cause of overpressure across the wells was based on Chopra and Huffman (2006)
identification technique. were slight reduction of velocity signatures at 8100ft —8500ft, 8700ft — 9700ft and
10300ft — 11000ft respectively which represents the only over pressure zones existent in this well and it was
designated as A, B and C. The magnitude of decrease in velocity from the normal travel trend is relatively low
in A and B when compared to C in Figure 4b. Invariably overpressure magnitudes in A and B are just slightly
above normal pressure in overpressured zones (A and B). Disequilibrium compaction (under-compaction) is
identified as the cause of overpressure in NGE Y based on Chopra and Huffman, 2006 techniques. In NGE Z
well, three overpressured zones were identified, they are A (8000ft — 9000ft), B (10000ft — 10500ft) and C
(11800ft — 12700ft) (Figure 4c, Table 2). Velocity signature slightly deviated away from the normal travel
trend in overpressure zone A, which indicates mild overpressure. In overpressure zone B, there was significant
deflection of velocity signatures away from the normal travel trend, while in overpressure zone C, the velocity
deflection from the normal travel trend was steep and at this depth also, shale density remained constant in the
overburden trend in Figure 4. The steep velocity deflection indicates high overpressures and when combined
with the density scenario it can be deduced that the cause of overpressure points to unloading (Chopra and
Huffman, 2006). The normal compaction trend for each well was derived from the compressional (\Vp) sonic
velocity logs as presented in Figure 5 (a-c). Significant deviations from the normal compaction trend, suggests
the onset of overpressure in a well. Three Tops of overpressure (TOV1, TOV2 and TOV3) identified from
wireline logs of Wells NGE X — Z and the over-pressured tops across the wells were correlated (Figure 6).
Overpressure tops for NGE X occurred at depths of 7600ft, 9200ft and 10500ft, for NGE Y well the
overpressure tops occurred at depth of 81000ft, 8700ft and 10300ft, whereas the overpressure tops for NGE Z
occurred at depths of 8000ft, 10000ft and 11800ft respectively (Figures 5a and 5c). The results of loading and
unloading determined from cross-plots of the studied wells is presented in Figure 7 (a, b and c). Loading
events consists of continuous increase of the overburden stress. It is identified on velocity — density cross plot
by slow but continuous increase in effective stress, density and velocity (Figure 7b). In unloading events,
compaction is brought to a halt (Chopra and Huffman, 2006) and it is identified by sharp velocity reversal and
abrupt stand still of density i.e. density stops increasing because the load is either carried entirely by the pore
fluids or uplifts must have occurred (Figure 7a and c). Thirteen faults (1-13) were identified across the seismic
section (Fig 8; Table 3), three of which are major faults (1, 9 and 11) and the rest minor faults. The fault type
in the NGE field is interpreted as growth faults typical of the Niger Delta (Opara and Onuoha, 2009) which is
believed to have contributed to the high overpressures at depth in this field. Fault planes act as potential seals
for hydrocarbons (Opara and Onuoha, 2009), thus NGE X and Z were spudded across faults 8 and 9 (minor
and major faults) respectively to get the hydrocarbon bearing zones. From overpressure analysis carried out in
the wells, it was observed that wells spudded across fault lines in NGE Field had high overpressure magnitudes
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especially at the area where it cuts across the fault plane thus, if properly managed, would boost production.
Overpressure analysis in NGE field shows that under-compaction (loading) mechanism of overpressure,
characterized by gradually, increasing mild overpressure with depth in the areas of interest (Chopra and
Huffman, 2006), is the main cause of overpressure in zones A and B across the three wells including zone C of
NGE Y.

Table 2: Identified overpressure zones and range of estimates of overpressure in wells NGE X, NGE Y and
NGE Z from Eaton and Bowers methods

Well Overpressure Zone Overpressure Estimates| Overpressure  Estimates
from Eaton’s Method (Psi) | from Bowers Method (Psi)

NGE X | ATOV1 (7600 -8800ft) 4121.6 — 5540.5 3648.6 —5747.3

NGE X | B TOV2 (9200 — 10100ft) 5405.4 — 6175.7 5472.9 — 6229.7

NGE X | C TOV3 (10500 — 11000ft) 7162.2 —7891.9 7229.7-7972.9

NGEY | ATOV1 (8100 — 8500ft) 3942.3 -4615.4 4038.5 - 4807.7

NGEY | B TOV2 (8700 — 9700ft) 4423.1 — 5480.8 4519.2 — 5528.8

NGEY | C TOV3 (10300 — 11000ft) 5673.1 -6923.1 5557.7 — 6826.9

NGE Z | ATOV1 (8000 — 9000ft) 3576.5 - 4705.9 3676.5—-4779.4

NGE Z | B TOV2 (10000 — 10500ft) 5073.5 - 5882.3 5235.3 - 6323.5

NGE Z | CTOV3 (11800 — 12700ft) 6470.6 — 8676.5 6176.5 —7926.5

Velocity travel trend increased normally with depth in NGE Y (Figure 4b, Table 2), however in addition,
unloading from tectonic activities is believed to have induced overpressures in zone C in NGE X and Z
respectively. The pressure values in zone C of NGE X and Z were extremely high and it is believed to have
been induced by tectonic uplifts in the hanging walls of Faults 8 and 9 which aligns with Opara and Onuoha,
2009), which unloaded the weight on the underlying sediments in the footwall, thus causing massive pressure
romps in the footwall where the overpressure zone C of NGE X and Z were located respectively (Fig. 9).
Although pressure readings in NGE X and Z are significantly high, NGE Z readings were slightly higher
because it was drilled across a major fault (9) while its counterpart was drilled on a minor fault (8). From this
finding the major faults blocks have higher displacements in comparison to the minor faults that created
unloading scenarios in a typical roll-over or anticlinal structure. It is important to note that there were no
pressure romps in NGE Y, because it was not drilled across a fault line (Figure 9). Secondly, the entire
overpressure in this field was governed by undercompaction (as it can be seen in Overpressure zones A and B
across the wells in Figures 4, 5 and 6) and this type of overpressure mechanism cannot yield massive
overpressure at average depths according to Bowers (2002), but this pressure can continue to build-up with
increasing depth, hence it can increase to the point where it can stop compaction process if the rock matrix
does not crack to bleed off this pressure. Overpressure zones A, B and C for the three wells were correlated
separately using Microsoft excel scatter plots (Figures 10 and 11). From the separate correlations,
overpressures and its normal pressure readings were plotted with depth to delineate the distance between the
normal pressures and the supposed overpressure. In all the zones influenced by undercompaction (overpressure
zone A, B across the three wells and C of NGE Y), NGE X has the highest magnitude of overpressure
followed by NGE Z and NGE Y. In overpressure zone C of NGE X and Z, the overpressure magnitudes in
NGE Z were higher than those in NGE X.
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Figure 4. Velocity and Gamma ray logs showing top of overpressure (TOV1 - TOV3), overpressure zones (A,
B and C) and rock physical properties of normal compaction (blue trend line), disequilibrium
compaction/under-compaction (yellow trend line) and Unloading (red trend line) for NGE X, Y and Z (a)NGE
X, (b) NGE Y, (c) NGE Z (Rokdoc software, 2010 version).

e W == e = ==
E : E g g |
6000 - 24000 -
6500 - 4500 -
7000 - TOV1 5000 -
— 5500 -
s000- Sooo]
B500 7000 -
29000 - TOV2 7500 -
9500 S000 >=TOV1
2S00 - -
0000 = TOV2
e
iy TOV3 0000 - —
1500 0500 - »TOV3
Z000 - 1000 -
(a) (b)
=2 = =2 8 8 s 2 8 {
so0o | kS = » TOV1
ssoo0 | E =
FOoOOo0O |
FS00
sB000 |
sEsoo |
000 | - TOV2
DSO00
cooo |
osoo |
iy » TOV3
1500 -] -
2000 =
zs00 |

(c)

Figure 5 Normal compaction trend (NCT) from Compressional sonic velocity (Vp) log of NGE X — Z, (a)NGE
X, (b) NGE Y, (c) NGE Z (Rokdoc software, 2010 version)
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Fig. 7 cross plot of compressional velocity against density for NGE X — Z wells, (a)NGE X, (b) NGE Y, (c)
NGE Z (Rokdoc software, 2010 version).

SUMMARY OF FINDINGS

The results of the effective stress/pressure cell method corresponded to a reduction in shale density and a
decrease in effective stress of the entire formation as depth increases, indicating the presence of overpressure.
Three distinct overpressure zones—A, B, and C—were identified across the wells in the NGE Field. The field
exhibits mild overpressures attributed to under-compaction within depths ranging from 4,000ft to 10,200ft
(overpressure zones A and B). Specifically, overpressure estimates for Zone A in well NGE X range from
4121.6psi to 5540.5psi, while Zone B shows similar characteristics. In contrast, hard overpressure was
encountered between 10,500ft and 12,700ft (overpressure zone C), primarily due to unloading mechanisms
observed in NGE wells X and Z. For instance, at a depth of 10,500ft, the measured pore pressure reached
5540.5psi, resulting in an overpressure of 994psi when compared to the normal pore pressure of 4546.5psi
calculated using a normal pressure gradient of 0.433psi/ft. This study highlights the critical relationship
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between pore pressure and rock integrity, suggesting that the unloading mechanism of overpressure is initiated
under extreme conditions of under-compaction when pore pressure does not exceed the threshold necessary to
fracture rock grains. As pressure accumulates with increasing depth, it can reach levels sufficient to support the
entire weight of the overburden—a characteristic indicative of unloading. The findings suggest that the onset
of unloading mechanisms is contingent upon specific geological conditions, particularly the interplay between
pore pressure and rock strength. Comparative analysis with previous studies reinforces these findings. For
example, Nfor and Ndicho (2011) identified overpressure zones in the X-field at approximately 7,000ft,
revealing deviations in porosity indicative of abnormal pressures. Goodwyne (2012) also demonstrated the
effectiveness of density logs for predicting overpressure, particularly in shallow sequences, aligning with the
mild overpressure observed in zones A and B. Furthermore, Ugwu and Nwankwo (2014) noted that under-
compaction was a primary mechanism in the Akata Shale, with pressure ranges from 0.71 psi/ft to 7.10 psi/ft at
depths of 8,000ft to 13,000ft, supporting the findings of mild overpressure in the NGE Field.

Building on the findings presented, the identification and characterization of overpressure zones within the
NGE Field have significant implications for future hydrocarbon exploration and drilling operations.
Understanding the mechanisms that generate overpressure, such as disequilibrium compaction and unloading,
allows for more accurate predictions of pressure regimes in subsurface formations. This knowledge is crucial
for designing effective drilling programs that minimize the risks associated with overpressure, such as kicks
and blowouts, which can lead to catastrophic incidents and substantial financial losses. By integrating seismic
and well log data, operators can develop more reliable models for pore pressure prediction, enhancing safety
and operational efficiency. In addition, the delineation of distinct overpressure zones A, B, and C provides
valuable insights into the spatial distribution of pressure anomalies within the NGE Field. This information can
guide drilling decisions, such as the selection of well locations and the implementation of appropriate drilling
techniques tailored to the specific pressure conditions encountered. For instance, in areas identified with high
overpressure, operators may consider using managed pressure drilling (MPD) techniques to maintain control
over the wellbore and mitigate the risks associated with unexpected pressure fluctuations. In addition, the
findings underscore the importance of continuous monitoring and reassessment of pressure conditions
throughout the drilling process. As new data becomes available, operators should be prepared to adapt their
strategies in response to evolving pressure dynamics. This proactive approach not only enhances safety but
also optimizes resource extraction by ensuring that drilling operations are conducted in the most favourable
conditions.

CONCLUSIONS

The insights gained from this study not only contribute to a deeper understanding of overpressure mechanisms
in the Niger Delta but also provide a framework for improving exploration and drilling strategies. By
leveraging advanced analytical techniques and integrating diverse data sources, the industry can enhance its
ability to navigate the complexities of subsurface pressure regimes, ultimately leading to more successful and
sustainable hydrocarbon exploration efforts.

Figure 8 Interpreted seismic inline 5774 section (Petrel, 2016 version)
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Table 3 Identified faults on seismic inline 5774.

Faults | Type of Fault Direction of dip
F1 [Synthetic] Major growth fault South

F2 [Antithetic] minor growth fault West

F3 [Synthetic] minor growth fault South

F4 [Synthetic] minor growth fault South

F5 [Synthetic] minor growth fault South

F6 [Antithetic] minor growth fault South—west
F7 [Synthetic] minor growth fault South

F8 [Antithetic] minor growth fault West

F9 [Synthetic] Major growth fault South

F10 [Synthetic] minor growth fault South

F11 [Synthetic] Major growth fault South

F12 [Synthetic] minor growth fault South

F13 [Synthetic] minor growth fault South

Fig. 9 Correlation of Tops of Overpressure (TOV) on seismic inline 5774 section (Petrel, 2016 version)
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