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Abstract- An attempt is made in this study towards maximising offset wells information in unravelling onshore gechazards
indicators in the Gale field. The Gale field is located about 100km north-west of Port Harcourt, Nigeria. The field consists
of a highly faulted and elongated rollover anticline, bounded to the north by a regional growth fault.

The data used for this study integrates the quadrature and reflectivity amplitude attributes from seismic data, with offset
well data. The conventional reflectivity seismic data was 90° phase rotated to derive the quadrature volume. The
guadrature seismic was considered a more appropriate reflectivity seismic attribute for use in shallow gechazard analysis
as it is known for its characteristic preservation of high frequency spectrum inherent in the data.

Geohazards can be defined as "events caused by geological conditions or processes which represent serious threats to
human lives, properties, natural and built-up environment™ (Solheim et al., 2005). Geohazards exist both onshore and
offshore. Onshore, the most common are volcanic eruptions, earthquakes, landslides and debris flows, floods and snow
avalanches. Offshore, slope instability and earthquakes are the main threats because of their potential for damaging
seafloor installations, and for generating devastating tsunamis, such as the 1998 Papua New Guinea event responsible for
more than 2000 deaths, and the past Storegga Slide tsunami (Lgvholt, F et al.2008). Features like shallow gas, gas hydrates
and mud diapirism also represent geohazards in both onshore and offshore regions.

This study highlights an approach in evaluating geohazards in the Gale field through the integration of seismic and well-
log data.

A comparative Geohazards assessment was carried out for the planned Ogiri-1 well adjacent to the Gale field. Quadrature
data was analysed for the presence of Shallow Gas bodies. Also, semblance analysis was carried out to check for potential
hydrocarbon migration pathways (in the upward direction). Offset analysis was also done for neighbouring wells (Ogiri-
04, 06, 11, 14 and 15) within the field. A well summary was generated for the planned well trajectory detailing the outcome
of the geohazard assessment for each interval along the planned well.

Field data reconnaissance reveal the field consists of a highly faulted and elongated rollover anticline, bounded to the
north by a regional growth fault. The data used is the integration of quadrature and reflectivity amplitude attributes from
seismic data, with offset well data. The conventional reflectivity seismic data was 90° phase rotated to derive the
guadrature volume. The quadrature seismic was considered a more appropriate reflectivity seismic attribute for use in
shallow geohazard analysis as it is known for its characteristic preservation of high frequency spectrum inherent in the
data.

The results from a geohazards analysis over the Gale field indicate the presence of possible shallow gas within the area of
interest and particularly along the shallow section of planned well trajectory. This is further supported by the presence of
faults within the vicinity of gas bearing reservoirs at deeper level and a potential for these faults extending to the shallower
interval. These faults are likely to serve as migration pathways for gas to seep to the shallower section, hence forming a
potential geohazard. In addition, some of the offset wells targeting deeper gas reservoirs penetrated pockets of gas at the
shallower interval that stratigraphically correlates with the shallow section that would be penetrated by the planned wells.
The results of this work were used to move the proposed drilling location of the Gale planned wells to a nearby area free of
shallow gas signatures.

Observations from quadrature 3D seismic data and semblance data show that there is no migration path for hydrocarbon
from deep to shallow intervals. There were no observed amplitude bodies around the planned well trajectories. Offset well
analysis in the field revealed issues ranging from Losses, stuck pipe, overpull and gas cut as gathered from the daily
drilling reports. Review of field geotechnical report did not reveal any Geohazards issues. Based on the Geohazards
assessment carried out for this well; the chance occurrence of encountering shallow gas for all the units as shown in the
well summary is rated low.

However, the Top-hole drilling still encountered high background gas revealing that subsurface surprises could still occur
despite good well control.
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Introduction

Geohazards are disasters induced by natural processes or human activity (Canals et al., 2004). According to Orange et al. (2001),
marine geohazards include any feature or process that could harm, endanger, or affect seafloor facilities, risers, anchors, etc.
Additionally, the facilities can be designed to avoid or withstand some geohazards. Marine geohazards can also be a local and/or
regional site and soil conditions having a potential to develop into seafloor failure events, which cause losses of life or damage to
health, environment, or field installations (Kvalstad, 2007).

Various geological processes and features can inflict hazards (Wuet al., 2018). Some of them are well known due to their great
destructive power. These include earthquakes, volcanoes, landslides, and associated tsunamis (Ismail-Zadeh, 2016). Others
generally do not cause direct damage to societies but can affect engineering structures. These include pockmarks, mud volcanoes,
and mobile bedforms (Milkov, 2000; Hovland et al., 2002; Bastia et al., 2011; Ostaninet al., 2012; Ceramicolaet al., 2014;
Vanneste et al., 2014; Benjamin et al., 2015; Shmatkovaet al., 2015). Some manifest themselves on the surface of the seafloor,
while others are concerned with processes that occur in the subsurface (Chiocciet al., 2011; Jia et al., 2016).

Geohazards surprises are related to unexpected geohazards occurrences. This could occur during onshore or offshore operations.
Geohazards which could be described as "events caused by geological conditions or processes which represent serious threats to
human lives, properties, natural and built-up environment™ (Solheim et al., 2005) include gas leakages encounter.

The presence of gas leaking from faults or fractures might be detected by the acousticseismic response. This response can be
interpreted qualitatively in 3D seismic volumes inconventional slices and vertical sections (Lgseth et al., 2009). Gas Leakage
showsacoustic changes appearing as vertical chaotic disturbances with amplitude anomalies associated with irregular distribution
of low-velocity zones. This vertical incoherence is a result of scattering, attenuation, anddecrease in compressional velocity of
waves passing through gas saturated pores (Anderson and Hampton, 1980). The gas leakage oftenappears in vertical sections as
cone-shaped distortion when associated with faults (llg et al., 2012). When fluids move upward through permeable faults, gas
molecules typically get released due the drop in pressure (Bjarkum et. al, 1998).

The GALE and OGIRI fieldsare located in the Northwestern part of the Niger Delta. It is a brown field with high potentials for
more hydrocarbon delivery. It has over 35 wells drilled to date. To optimize production, some new wells were planned in the field.
Existing 3D seismic data was analysed earlier on for any potential geohazards without any indication of such along the planned
well trajectory and the offset wells did not record any geohazards encounter.
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Objective

The objectives of this study include:

= To evaluate planned locations and optimize for the presence of any identified geohazards.

= To deliver all production related activities within the field safely.

= To ensure effective communication of risk and risk management strategy prior to execution between Subsurface and Wells.
= To propose control measures for geohazards for safe operations.
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Background theory

In seismic reflection, the layers or bands observed in a seismic section are termed reflections. These reflections in the seismic
data result due to contrasts in the seismic impedance (density * seismic velocity) across a geologic boundary. For a seismic wave
intersecting a layer or boundary at normal incidence, the ratio of the reflected-to-incident amplitude is the acoustic impedance
(R), which defines the strength or amplitude of the seismic reflection.

R=(p2V2-pl1V1)/(p2V2 +plV1)
where, p is the density of the rock, V1 and V2 are seismic velocities on either side of the
boundary. EPA, 2023
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Generation of the Quadrature Data

The quadrature component of a signal is the 90° out-of-phase component, the part of an

Induced signal which is out-of-phase with the generating signal (Barnes, 2006). Quadrature seismic volume was generated from
the GALE 3D Reflectivity seismic volume (Pre-Stack Depth Migration_Full_Gale) to aid in events interpretation and analysis.
Geohazards assessment was then carried out for the planned wells in the GALE field. The Quadrature seismic is considered a
more appropriate reflectivity seismic attribute for use in shallow geohazard analysis as it is known for its characteristic
preservation of high frequency spectrum inherent in the data.

Materials and method
In order to carry out this study, the data used include3D seismic volumes, Horizon interpretations, offset well data (well logs, field
velocity data, daily drilling reports), Field geotechnical information, planned well trajectories and casing depths information.

Amplitude Analysis

Amplitude extraction was based on the Pre-Stack Depth Migration_Full_Gale seismic data. The seismic data was subdivided into
intervals/units using shallow interpretations created for this purpose. Interval amplitudes were extracted as minimum extremum.
Four intervals were analysed (Units 1, 2, 3 and 4). Areas of high amplitude proxy of gas were avoided and new planned well
trajectories replanned and updated. Some other amplitudes within the area were de-risked as they were tested by offset well
(GALE-04) but did not find. On the western flank, the amplitudes are not close to the planned wells. The offset wells did not find
hydrocarbon. In unit 4, there are observed amplitude bodies which are not likely hydrocarbon related, as offset wells through this
interval did not indicate hydrocarbon. In units 1 and 3, there are no observed anomalous amplitude bodies around the planned
wells.
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Fault Analysis
A semblance volume was generated to analyse for near surface faulting. There was no near surface faulting observed within the
area of interest in the GALE field. No near surface faulting was observed from available data within the AOI (area of interest),
shallowest faulting observed starts from 1500 ms (5330 feet subsea).
Faulting was analysed from shallow to near reservoir intervals, as part of DEP requirements to demonstrate that there is no
migration path for hydrocarbon from deep to shallow intervals.
Planned well trajectory is in red, and existing wells have their trajectories in black. No near surface faulting was observed from
available data within the AQOI (area of interest), shallowest faulting observed starts from 1500 ms (5392 ftss).

Offset Well Ties

Offset well analysis was carried out using offset wells from the GALE field. Offset wells used are GALE-01, GALE-03, GALE-
05, GALE-06, and GALE-08. Analysis was done in two segments: the eastern flank and the western flank. On the western flank,
GALE-04 was used as the main calibration well due to proximity. Observations from the offset well analysis indicate subsurface
no geohazard. High amplitude observed in Unit 2 is not Hydrocarbon related as it was tested by GALE-04.

On the western flank, the main calibration well is GALE-05. Observations from the offset well analysis indicate no gechazard
issues were generally observed down to the surface casing (13 3/8”) depths. However, gas cut and overpull were observed at the
reservoir sections. Planned well trajectory is coloured red and the existing wells are in black. The drilling issues highlighted are
based on the offset well data from the daily drilling reports. These are overlain on the seismic data to know their intervals of
occurrence Planned wells trajectory is coloured red and the existing well is in black. The drilling issues highlighted are based on
the offset well data from the daily drilling reports. These are overlain on the seismic data in order to know the intervals these are
occurring planned wells trajectory is coloured red and the existing well is in black. The drilling issues highlighted are based on the
offset well data from the daily drilling reports. These are overlain on the seismic data in order to know the intervals these are
occurring.

Tophole/Well Summary

Tophole summary was generated for the 7 GALE planned wells. They were analyzed for shallow gas and other geohazards in the
GALE field. The probability of encountering shallow gas and other geohazards was rated low in the tophole/well summary
section of the wells.

A representative Gale field well summary: GALE_PW-01

Geohazard assessment was carried out for the planned GALE_ PW-01 well. Quadrature data was analysed for the presence of
Shallow Gas bodies. Also, semblance analysis was carried out to check for potential hydrocarbon migration pathways (in the
upward direction). Offset analysis was also done for neighbouring wells within the field. A well summary was generated for the
planned well trajectory detailing the outcome of the geohazard assessment for each interval along the planned well.
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The OgiriWell Overview
The Ogiri-09 well was planned to be drilled horizontally as to develop 4.17 MMstb of oil from X1000 reservoir. Expected initial
potential was — 1700 barrels of oil per day (bopd).

Ogiri field B1000 structure map
Subsurface Uncertainties

Some associated uncertainties with the drilling of this new well were already outlined. These border around Structure, Present Gas
Oil Contact, Position, dip and sealing capacity of intra-reservoir shale.

Offset Wells in Surface Hole Section:
Some of the OGIRI offset wells were reviewed and found to have recorded, continental sands; good correlation across the field,
no history of high background gas (BG) and Low chance of occurrence of shallow gas.
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« Amplitudeswere extracted over Unit 1, Unit 2, 3 and Unif 4 intervals
+ There are some observed amplitude bodies in these infervals (Unitl-3)
but not along the planned well trojectories.

+ Planned wellisin Red while the Offset wells are in Yellow.

Amplitude extraction over units 1 to 3

RESULTS

Observations from quadrature 3D seismic data and semblance data show that there is no migration path for hydrocarbon from
deep to shallow intervals. Observed high amplitude traversed by the planned well at Unit 2 was tested by offset well (GALE-04)
but did not encounter hydrocarbon. Offset well analysis in the field revealed intervals with gas cut and overpull were observed at
the reservoir sections in GALE-05.

Unit 4 is characterized by the presence of a clay filled canyon with sand intercalations. GALE-04 penetrated this canyon without
incidents. High amplitude body is found close to the suggested 13 3/8” casing point.

Based on the geohazards assessment carried out for this well; the chances of encountering shallow gas for all the units as shown
in the well summary is rated low.

OGIRI Pre-Drill Geohazards Assessments

Geohazard assessment was carried out for the planned OGIRI-1 well. Quadrature data was analysed for the presence of Shallow
Gas bodies. Also, semblance analysis was carried out to check for potential hydrocarbon migration pathways (in the upward
direction). Offset analysis was also done for neighbouring wells (OGIRI-04, 06, 11, 14 and 15) within the field. A well summary
was generated for the planned well trajectory detailing the outcome of the geohazard assessment for each interval along the
planned well.

Observations from quadrature 3D seismic data and semblance data show that there is no migration path for hydrocarbon from
deep to shallow intervals. There were no observed amplitude bodies around the Planned well trajectories.

Offset well analysis in the field revealed issues ranging from Losses, stuck pipe, overpull and gas cut as gathered from the daily
drilling reports. Review of field geotechnical report did not reveal any gechazards issues.

Based on the geohazards assessment carried out for this well; the chance occurrence of encountering shallow gas for all the units
as shown in the well summary is rated low. However, the rating at Unit 4 (which is already within reservoir regions) for other
drilling issues is moderately low as offset wells here encountered stuck pipes, over pull, losses etc.
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Incident Summary
OGIRI-09 well was spudded and drilling commenced with 17-1/2” hole. A few hours later, the
onset of elevated background (BG) gas (0.16 - 1.12%) was reported at ca.2,600ftah with 0.478psi/ft WBM.
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Ogiri-09 Increase in Total Background Gas with Depth

The Background Gas reading increased continually to 8% @ 4,500ftah and stabilized as drilling progressed to 5,378ftah.
Degasser ran with no noticeable effect. Mud logger’s sensors were re-calibrated several times and recertified alright.
Pooling Out Of Hole (POOH) was initiated for Bottom Hole Assembly change, no gas influx reported.

The drilling team Rigged Back In Hole (RBIH) and carried out bottoms up circulation; peak gas reading of 2% recorded. Drilling
re-commenced from 5,378ftah to 5,750ftah; increased BG gas reading of 10 - 12% (Lower Explosive Limit is 10%). Decision was
taken to Pool Out Of Hole and case off hole section.

From the geohazards analysis, no indications of shallow geohazard were prognosed from seismic data and offset well analysis and
top-hole was still at the Fresh-saline water interphase as predicted.

Chronicle Of High Background Gas Incident

Drilling activities were initiated with a view to safely completing Ogiri-009-hole section, successfully drill to the total depth,
complete well, hook up and start production.However, Ogiri-09 well successfully spudded as part of re-entry campaign to the
field after over 10years of no drilling activity. During the surface hole (17 1/2”) elevated background gas of 2% was first recorded
at ca 2600ftah then 8% @4500ftah and 12% @5,378ftah. Actual source of high BG is still not fully known. However,is believed
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by the drilling team that there are two potential gas sources — (1) Recharge from deeper gas bearing reservoir, (2) Shallow
Biogenic gas. Some composition analysis based on Mud log indicate indicates mostly C1; suggesting more likely biogenic origin.
A new well Ogiri-10 drilled from the same surface location but did not encounter high background gas.
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Logs and seismic data from the shallow top-hole section do not suggest hydrocarbon presence.
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Conclusion

Geohazards studies were carried out in both the Gale and Ogiri fields. Analysed offset wells in both fields did not indicate the
presence of geohazards along the planned/optimised wells.Observed high amplitudes were avoided and planned well trajectories
optimised.

Learning from the comparative studies show that subsurface surprises could still occur despite good well control.There is
therefore need to address log data gap in shallow intervals- acquire surface hole logs and where there have been no drilling
activities in a producing field for many years, additional risk of postproduction gas risk should be considered, and adequate
mitigation measures put in place even though shallow risk level is low.

Prior to drilling execution, effective communication of risk and risk management strategy is necessary between the Subsurface
and Well Engineeringteams is key for common risk appreciation and management.

Based on learning from Ogiri-09, updated procedure was put in place to manage similar issues and was successfully deployed in
subsequent well (Ogiri-10).
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