
SPECIAL TOPIC: MODELLING / INTERPRETATION

F I R S T  B R E A K  I  V O L U M E  4 0  I  J U L Y  2 0 2 2 4 9

Since the upstream sector is one of the most knowledge-in-
tensive and high-tech industries, it appears to be a field of 
application showing demand for an entire range of state-of-the-art 
information technologies (IT). They are used to create digital 3D 
models of oil and gas fields in order to assess reserves and the 
state of development, as well as forecast process parameters for 
choosing the optimal strategy for the development of hydrocarbon 
deposits. Due to the rapid development of computer technologies, 
high-performance computers together with software can be used 
for collecting, storing, calculating, presenting and analysing 
various kinds of data related to the three-dimensional modelling 
of deposits. The modern computing systems combined with 
specialized software (PCs) is an essential tool for any oil and 
gas company. Therefore, the application and further development 
of IT when modelling the state of field development, as well as 
optimal management of oil well operation modes, are crucial and 
topical objectives of modern oilfield practice (Figure 2).

Up until now, a common approach in the field development 
was to customize well operation conditions for each well individ-
ually by setting flow rates and bottom-hole pressures, depending 
on various economic assumptions. This approach has a clear 
drawback, namely it neglects the phenomenon of well interference.

Obviously, a change in the operating parameters (flow rate 
and bottom-hole pressure) of one well results in a change in the 
operating parameters of other wells, i.e. an important feature 
of the oil production process is the hydrodynamic connectivity 
(interference) of wells. When using the reservoir pressure main-
tenance system, as a rule, the interference between producing and 
injection wells is taken into account. Undoubtedly, a clear under-
standing of such interference is a key factor for the improvement 
of the field development efficiency from the standpoint of 
injection adjustment (Figure 3). This is because injection affects 
both the reservoir drive mechanism and the rate of encroachment.

Thus, reasonable operating parameters should be selected for 
entire groups of wells rather than for individual wells. However, it 
is virtually impossible to process a large amount of data manually 

Using digital models to identify hydrogen 
interference between producing and  
injection wells to improve field development 
management efficiency
A. Drobot1*, D. Vasechkin1 and S. Urvantsev1 present a new approach designed to overcome 
the challenges related to the rational development of reserves and well interference 
assessment with building an improved hybrid material balance model.

Abstract
Effective development of oil fields is impossible without reliable 
information on the degree of well interference.

The interference between production and injection wells 
is evaluated using indicators that are commonly known as the 
interference coefficients or connectivity coefficients. There are 
a number of statistical, analytical, and predictive methods for 
hydrodynamic connectivity (interference) assessment.

This paper focuses on a new approach designed to overcome 
the challenges related to the rational development of reserves and 
well interference assessment with building an improved hybrid 
material balance model.

The purpose of the research was to evaluate various sce-
narios for well interference assessment, as well as to identify 
hydrodynamic communication between injection wells and spe-
cific producing wells for prompt decision-making to optimize the 
development system. The paper discusses the results of studies 
conducted on one field of Western Siberia, having a complex 
geological structure and high heterogeneity.

Well interference coefficients were obtained as the result 
of the studies, which helped us to understand how the average 
proportion of water injected from a particular injection well 
effectively impacts the producing wells in question located in the 
immediate vicinity. The digital hybrid model was used to identify 
the injection wells that are hydrodynamically connected with 
producing wells, estimate the degree of their impact on the pro-
duction performance of the latter, as well as monitor the dynamics 
of such influence for each well. Based on the analysis performed, 
some recommendations were made for improving the oil recovery 
factor in the oil fields and reducing development costs.

Introduction
Nowadays (Figure 1), on the back of the rather low growth in oil 
reserves, as well as due to the significant degree of depletion of 
many large oil fields and high water content, the issue of field 
development improvement becomes topical.
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previous layers of the neural network, namely the time coeffi-
cient, the productivity index, and the coefficients of the effect of 
injection wells. For this interpretation, the final equation can be 
represented as follows:

Where:
x — a set of parameters calculated on the basis of known 
historical data, such as flow rate, intake rate, well operation 
parameters, and others;

 – a function of a set of input parameters that adjusts for 
the time delay of the injection effect on producing well j;

 – Productivity of well j, defined as a function of a set 
of input parameters;

 – the coefficient of influence of injection well i on 
the production well j, defined as a function of a set of input 
parameters;

 – forecast flow rate for the period k, for well j;
 – flow rate for the most recent known period k-1, for 

well j;
 – intake rate for well i for the period k;

 – bottom-hole pressure for well j for the period k;
 – bottom-hole pressure for well j for the period k-1;

 - The parameter adjusting for the influence of a well. It is 
proposed to neglect the possible impact of wells situated beyond 
a certain threshold distance. The threshold distance is set by an 
expert when building a model and can also be used to easily 
disregard connections with some wells.

The general flow chart of the neural network architecture 
including the proposed output layer is presented in detail in 
(Figure 1).

The flow chart shows a set of input parameters of the model, 
which are processed in the input block fully or partially. The 

without resorting to digital tools. For instance, about 500,000 meas-
urements can be accumulated for an average field of 100-200 wells.

Currently, there are a number of tools for statistical analysis 
with the use of machine learning algorithms, enabling us to 
accurately take into account all previously accumulated data on 
wells, i.e. data on injections, operating parameters, production 
figures, as well as all historical well measurements.

When composing sets of equations based on physical laws 
to determine well interference, reservoir pressure dynamics, 
distribution of injection and production across formations, and 
the maps of residual oil-saturated layers, the most frequently used 
concepts are a material balance equation, the porous media flow 
law, and the Buckley-Leverett theory. That said, all systems of 
equations are set up with a number of assumptions.

In the course of the project, the improved hybrid model of the 
material balance was used to study the geology of the formation 
area, calculate and map the geological parameters, identify the 
areal and vertical patterns of productive formations distribution, 
and analyse the factors causing the changes in the production 
profiles along with the interference and the presence of a unified 
hydrodynamic system.

The well interference and formation pressure maintenance 
system were analysed to obtain data on the degree to which 
injection impacts the production across individual flooding zones. 
This data was used to identify flooding areas for the purpose of 
implementing conformance control measures with the aim of 
increasing the vertical sweep efficiency and reduce the water 
encroachment in production wells.

Description of the model as part of the 
GeoExpert digital platform
Nowadays, there are such trends as the development of field 
proxy modelling and the intense development and application 
of machine learning in various sectors to promptly identify the 
effect of injection wells on fluid production. Taking the above-
said into account, efforts were made to develop and apply the 
so-called hybrid model of material balance, which is based on the 
Сapacitance Resistance Model (CRMP) equation, yet with some 
improvements. In particular, this equation was used to develop 
a summing output layer of an artificial neural network, which 
takes into account the imposed physical limitations. However, 
at the same time, some equation coefficients are yielded by the 

 
Figure 1 The general flow chart of the neural network 
architecture.
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The use of hybrid digital models: the case of the 
field located in West Siberia
To test the current version of the hybrid digital model, the 
degree of well interference was evaluated at the site of an oil 
field located in Western Siberia. The field in question is char-
acterized by an impressive number of production and injection 
wells, as well as a long period of flooding. Due to the high 
water encroachment in the production wells, the main focus is 
put on optimizing the operation of both production wells and 
injection wells forming the reservoir pressure maintenance 
system in order to reduce low-efficiency injection and maximize 
oil production. The approach used has given an idea about what 
injection wells are hydrodynamically connected with producing 
wells and helped with estimating the degree of their impact on 
the production performance of the latter.

The hybrid digital model was used in the case of four 
multi-well pads with different development systems. The study of 
well interference coefficients was conducted on 85 wells in total, 
including 38 producing wells and 47 injection wells.

Input data for the model included the following parameters: 
historical data on well operation for a period exceeding three years, 
operation parameters, the current fluid flow rate, the current water 
cut of reservoir products, maps of the fields with a logarithmic 
scale to identify the distance between wells and the list of well 
interventions, as well as the intake rate of injection wells. The 
model also takes into account the coefficient of well remoteness, 
which can be used to artificially neglect the effect of a remote well 
in the calculation or adjust the maximum possible influence of the 
well. This coefficient is set before optimizing the model.

It is a common fact that field development management 
and control are performed with the use of flow simulations. Its 
main purpose is to substantiate well interventions in the medium 
and long-term periods of development, as well as to optimize 
the development systems of the mature fields using modern 
flooding optimization technologies and tertiary methods of oil 
recovery stimulation. The flow simulation process has a signif-
icant disadvantage as it requires a large amount of resources to 
create, optimize and update reservoir flow models, while machine 
learning offers a high speed of data processing and calculations.

model input block is a convolutional neural network. The next 
stage represents a division into two parallel blocks with simple 
fully connected layers of the neural network. In the coefficient 
calculation block, it is proposed to use the logistic activation  
 
function ( ) at the output. In the time delay and  
 
well productivity coefficient calculation blocks, SoftPlus  
 
( ) 

is proposed as an activation function on the output layer. After 
that, the calculated parameters get to the CRMP layer responsible 
for the calculation of the flow rate forecast. The functions of the 
intermediate layers’ activation (Figure 4) may vary depending on 
the data provided. The same is true for the number of such layers 
and their other hyperparameters. When training the model, the 
mean squared error is used as a loss function and the problem of 
loss minimization is solved:
 

In this case, automated selection of the most optimal model 
parameters and methods of data preprocessing was used during 
the model training, inter alia, for the calculation of additional 
inputs to the neural network in order to improve the loss minimi-
zation function used.

In the future, this model is supposed to be used in combi-
nation with an automated training option as part of the service, 
which is part of the GeoExpert digital platform. This will enable 
the quick development of models for various data with minimal 
effort and, in turn, facilitate prompt decision-making on the 
further operation of the wells.

After training the model, a table of the coefficients of the 
injection wells’ impact on each producing well for a selected 
period of time can be obtained. The data yielded are also used 
to optimise the injection pattern, select optimal well operation 
parameters, and choose conformance control measures for the 
sake of the rational reserves development.

Figure 2 The map tiles of the area under study and the well interference matrix.
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for independent calculations (for instance, one of the cells is 
shown in Figure 3). The pad boundaries were set up in such a 
way that there was a production well in the centre of each cell 
evenly surrounded by the first row of injection wells of the 
reservoir pressure maintenance system. Part of the injected water 
can spread beyond the boundaries of the well pad in question 
and flow to producing wells located outside these boundaries. 
Therefore, it should be noted that the purpose of the selected 
boundary setting method is to identify well interference only for 
one producing well situated in the centre of each bounded area. 
The current model version didn’t take into account the quantity 
of water ‘flowing out’ beyond the well pad.

As the figure shows, five injection wells Nos. 1106, 1108, 
1110, 1116, and 1119 situated in the immediate vicinity were con-
sidered as influencing the production well No. 1114. Remarkably, 
well No. 1106 is the most remote one from the producing well as 
it is situated on the periphery of the well pad under study (beyond 
the boundary, there are producing wells of the neighbouring pad, 
and therefore we cannot exclude the probability of migration of 
the injected water beyond the pad).

The figure also shows the dynamics of well interference 
coefficients throughout the entire accumulated historical data. 
At the beginning of well operation, the influence of wells Nos. 
1106 and 1108, not exceeding 20%, is seen. It is worth noting 
that the influence coefficients in the initial period have a purely 
provisional nature. Their accuracy is largely affected by the non-
steady well operation mode (reaching steady-state production), 
stops, and short-term downtime periods.

Another important consideration is that the injection wells 
were launched at different periods (from February to November 
2019), and therefore the most reasonable approach would be 
to assess the interference starting from the launch of the last 
affecting well. The dynamics show a flattening trend in the well 
interference curves over the last year of well operation (January 
2021-November 2021), which may indicate a stable fluid flow 
through the reservoir (steady-state production).

Table 1 shows the summarized results of the efforts per-
formed to identify the reservoir flow connectivity in the Kon-
dinsky field’s reservoirs. It should be mentioned that different 
development systems are used at each reservoir, and therefore 
results were obtained specifically for each well under study and 

The obtained simulation results were verified by means of 
comparison with the actual field data and well operation param-
eters. Field data for each pair of wells (production-injection) 
was additionally analysed by experts. It should be noted that the 
identification of hydrodynamic connectivity by this method takes 
a lot of effort and is not 100% reliable. However, this method is 
applicable to identify qualitative responses in single wells and 
issue recommendations for changing operating parameters. A 
comprehensive analysis of the performance of the entire well pad 
using this method would be quite a challenge.

Figure 2 shows a field map tile with the boundaries of one 
of the well pads under study. It also reflects the well interference 
matrix for two periods of study: for the entire history of wells 
operation from the very start (Figure 2, a) and particularly for 
2021 (Figure 2, b).

As can be seen from the field map tile, the well pad in 
question consists of 10 producing and 14 injection wells. The pro-
ducing well stock is mainly represented by wells with a horizontal 
completion, while the injection wells are mostly directional wells. 
Horizontal laterals of the producing wells were drilled with 
azimuths ~150° and ~330° along the horizontal stress.

Upon establishing the well interference coefficients (Figure 2, 
a and Figure 2, b), the following conclusions were made:
•  The production wells of the ‘northern row’ (Nos. 1117-1107) 

are exposed to stronger influence by injection wells both 
percentage-wise and in absolute figures;

•  For the production wells of the ‘southern row’ of pad No. 
11 (Nos. 1122-1127), weak flow connectivity between oil 
production and injection wells was revealed. The reason may 
be the worse reservoir properties relative to the northern part;

•  The relatively high water encroachment of the ‘northern row’ 
wells may be due to a greater hydrodynamic connection with 
the wells of the reservoir pressure maintenance; 

•  The wells of the ‘northern row’ show high production rates, 
while the ‘southern row’ wells are characterized by relatively 
low performance.

In the case of a large number of wells, it is important to limit 
the area of influence for some ‘remote’ injection wells in order 
to avoid the possibility of detecting ‘false connections’. For this 
purpose, well pads (cells) were allocated on the presented field 

Figure 3 Analysis of well interference within a well pad.
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Well pad No. 9 Well interference coefficients for the entire production history

Results:
• Wells Nos. 903, 904, 905, 916, and 913 provide the greatest impact;
•  Wells Nos. 920, 921, 918, 917, and 912 have the least impact. Perhaps it is due to the presence of the producing wells of other well pads in the 

immediate vicinity, as well as the low intake rate in comparison with other wells of the reservoir pressure maintenance system.

Recommendations:
•  Bringing the injection wells Nos. 907 and 921 back into operation. If there is no response from the producing well stock, physical and chemically 

enhanced oil recovery measures are recommended (EOR).
•  Conformance control efforts for well No. 903 to reduce water encroachment in well No. 910 and improve sweep efficiency for other producing wells.
•  Reservoir pressure should be measured for wells Nos. 924 and 923, and then based on the results; a large-volume bottom-hole zone treatment or 

repeated hydraulic fracturing should be performed to increase the oil flow rate.

Well pad No. 10 Well interference coefficients in the period from January 2021 to November 2021

Results:
•  Due to the well stock shutdown in April 2020 and partial start of operation in 2021, the well interference analysis was performed for the time interval: 

January 2021-November 2021
•  Injection wells No. 1001, 1002, 1003, and 1009 have the greatest impact.
•  The least impact is provided by wells Nos. 1007, 1005, 1013, and 1012. A possible reason is the presence of the producing wells of other well pads in 

the immediate vicinity, as well as the low intake rate in comparison with other wells of the reservoir pressure maintenance system.

Recommendations:
•  Implement conformance control measures in wells Nos. 1003 and 1001 to reduce water encroachment of wells  

No. 1004 and 1006 and enhance the impact on other producing wells.
•  Improve the intake rate for well No. 1009 while monitoring the impact on the neighbouring producing wells.
•  Measure reservoir pressure in well No. 1010, and, depending on the result, perform large-volume bottom-hole zone treatment or repeated hydraulic 

fracturing to enhance the oil flow rate (provided there are no geological risks of increasing the water cut in the well products).

Well pad No. 11 Well interference coefficients for the entire production history

Results:
•  The production wells of the ‘northern row’ (Nos. 1117-1107) are exposed to stronger influence of injection wells both percentage-wise and in  

absolute figures;
•  For the production wells of the ‘southern row’ of pad No. 11 (Nos. 1122-1127), weak flow connectivity between oil production and injection wells was 

revealed. The reason may be the worse reservoir properties relative to the northern part;
•  The relatively high water encroachment of the ‘northern row’ wells may be due to a greater hydrodynamic connection with the wells of the reservoir 

pressure maintenance;
 
Recommendations:
•  Evaluate the possibility of well interventions (hydraulic fracturing or a large-volume bottom-hole zone treatment) in well No. 1192 to improve the 

interference with the injection wells and increase the oil flow rate.
•  Evaluate the possibility of improving the intake rate of wells No. 1115, 1125, and 1126 in order to increase the oil flow rate for wells No. 1122, 1123, 

1109, 1127, and 1192 (wells of the ‘southern row’).

Well pad No. 13 Well interference coefficients for the entire production history

Results:
•  The average oil flow rate in the western part is one-fourth of the flow rate in the eastern part, while the average fluid flow rate difference is 1.6 times.

Recommendations:
•  Evaluate the possibility of sidetracking from a suspended well No. 1306 towards well No. 1315 or the area between wells Nos. 1312-1303. These fields 

are characterized by significant remaining reserves.
•  Measure reservoir pressure in wells No. 1307 and 1322 and, based on the result, evaluate the possibility of hydraulic fracturing to increase the oil flow rate.
•  In the case of inefficient injection in well No. 1304, consider the possibility of EOR measures for the purpose of conformance control or cement 

squeezing (to increase the impact of well No. 1304 on wells No. 1322 and No. 1323)

Table 1 The results of the activities performed to identify the hydrodynamic connectivity.
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horizontal wells. The latter enables assessment of the interference 
between not only injection and producing wells, but also between 
an injection well and an interval. An integrated approach provides 
an opportunity not only to identify the most encroached intervals/
sections of the horizontal lateral, but also to establish which of 
the injection wells in the immediate vicinity provides a stronger 
impact on the performance of producing wells.

The well interference assessment both for the entire operation 
history and in specific time intervals, obtained in the course of 
experiments, is easy to implement and shows fairly high-reliabil-
ity coefficients based on a comparison of simulation and actual 
data. The approach employed in the study can be replicated at 
other reservoirs and oil fields.
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recommendations were issued to increase the efficiency of field 
development. Moreover, the technique used enables the identi-
fication of inefficient injection. According to the results of the 
hybrid model application, a certain amount of the injected water 
does not reach the producing wells in the immediate vicinity. It 
can be assumed that the water flows into the non-target reservoir 
or beyond the well pad boundaries in directions opposite to the 
location of the producing wells.

Results and conclusion
Quantitative assessment of the mutual interference coefficients 
helps us to understand what the average proportion of water from 
a particular injection well falls on the producing wells under 
study in the immediate vicinity. The hybrid digital model was 
used to identify the injection wells that are hydrodynamically 
connected with producing wells, estimate the degree of their 
impact on the production performance of the latter, as well as 
monitor the dynamics of such influence for each well.

Not insignificantly, when using the current version of the 
hybrid model, a number of factors that could affect the inter-
ference coefficient were ignored. Therefore, the coefficients 
obtained and the recommendations issued require further evalua-
tion. Several assumptions were made in the course of the project, 
namely, some factors were disregarded such as the geometry and 
length of the horizontal lateral and production data on the wells 
located at the neighbouring pad, though still capable of impacting 
the wells under study.

Importantly, the method demonstrates the utmost efficiency in 
case of the integrated application of the results of the hybrid digi-
tal model-based analysis and production profiling surveillance in 
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Two case studies are presented in the following, where 
multi-beam and seafloor sampling campaigns (MB&SS) were 

Combined regional multi-beam and seafloor 
sampling to derisk hydrocarbon exploration
Paolo Esestime1* and Felicia Winter1 describe an integrated method to assess marine 
hydrocarbon seepage and de-risk the key elements of a petroleum system at both regional 
and prospect scale.

Introduction
The successful discovery of commercial volumes of hydro-
carbons is strongly dependent on the correct assessment of the 
subsurface information such as the presence of a source rock, 
its depositional nature, distribution, and maturity. Understanding 
how these elements correlate with migration, charge and trapping 
mechanisms is the second most critical factor to increase confi-
dence in the subsurface model.

State-of-the-art technologies, especially seismic, provide 
advanced images of the subsurface for more reliable geological 
models. However hard data is crucial throughout the entire 
exploration lifecycle as calibrations may remain affected by 
several assumptions even in mature basins. Well data may be 
sparse or not representative especially if used in advanced seismic 
inversion and in the amplitude modelling of direct hydrocarbon 
indicators (DHIs).

Hydrocarbon seepages have driven historical exploration 
successes, particularly where the macro-seeps of liquid hydro-
carbons are present. In the marine environment the sampling of 
hydrocarbon seepage is sometimes overlooked as an exploration 
tool, mainly due to difficulties in collecting sediment cores for 
full geochemical analysis (Abram, 2020).

In this article we present a two-step method to sample and 
interpret marine seepage through a systematic seafloor sampling 
campaign (Figure 1). The most suitable core locations are 
identified with the help of geophysical data, especially seismic, 
complemented by a multibeam survey that provides the acoustic 
properties at the seafloor and in the water column. The objective 
is to maximize the number of cores with viable presence of 
hydrocarbons, so called positive cores, which are then analysed 
for the much-desired geochemical information.

The multibeam seafloor sampling can be adjusted to match 
the requirements of the exploration challenges and based on the 
existing subsurface model to characterize the hydrocarbon families 
and their correlation with the source rocks. Positive cores, and 
those without hydrocarbons, are integrated into the subsurface 
model to refine the understanding of key factors like migration 
patterns, trapping mechanisms and charging scenarios (Figure 1). 
Lithologies and subsurface temperatures from the cores give 
additional constraints for the shallow geothermal gradient.

1 TGS
* Corresponding author, E-mail: Paolo.Esestime@tgs.com

DOI: 10.3997/1365-2397.fb2022057

Figure 1 Schematic workflow for integration of the multi-beam and seafloor 
sampling in the seismic and exploration life cycle.
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Marine multi-beam echosounder measurements are routinely 
used for geotechnical and environmental studies, as they provide 
bathymetrical reliefs up to a metre in resolution, at less than 30 
m water depth. Basin-wide multi-beam surveys can be scoped as 
part of the exploration strategy, as a complementary dataset to 
existing seismic, to help define the next seismic campaign (Fig-
ure 1). When compared to 3D seismic, multi-beam techniques 
investigate the acoustic properties of both the water column and 
the near-surface seabed with higher resolution and at a fraction 
of its cost.

For regional MB&SS campaigns the overlap between the 
swaths of each sailing line can be reduced when compared to 
geotechnical hazard application allowing the vessel to efficiently 
cover basin-wide areas. The number of sailing lines per unit 
of area is the most critical factor when considering acquisition 
schedules and survey layout. This specification must be opti-
mized for the water-depth to preserve a minimum overlap of 
never less than ~10-20%; however, 50% overlap is recommended 
in a wide range of marine environments. Multiple coverages are 
required if the seafloor morphology reduces the illumination at 
the swath boundaries’ grazing angle’.

The complete survey for seafloor imaging combines the multi-
beam echosounder with the shallow seafloor profiler (sub-bottom 
profiler) for high-definition seismic data. The operational specs 
for both devices will depend on target-depths, lateral resolution 
and vertical penetration required. Common operating frequencies 
extend from 12 kHz to 30 kHz for a multibeam and from 3 kHz to 
8 kHz for a sub seafloor profiler (Mitchel et al., 2018).

The water-column reflectivity is a by-product of the backs-
cattering processing (Wenger and lsaksen, 2002; Urban et al., 
2017; Zhao et al., 2017; Mitchell et al., 2018). This computation 
requires a correction for the different propagation angles within 
each swath. The residual deviation is modelled as different wave-
paths, related to anomalies in the acoustic properties of the water 
column. The result is a 3D image of the waterbodies appearing as 
strings of bubbles rising from the seafloor as plumes character-
istic of gaseous emissions. The location of the gas escape is then 
combined with the backscattering anomalies at the seafloor, to 
confirm the presence of a seepage, which makes the core sample 
more likely to be hydrocarbon-bearing (Orange et al., 2009).

Once MB&SS data is fully processed their joint analysis with 
the existing seismic data will open to aid new geophysical and 
geological interpretation at the near seafloor depths (Figures 3a, 
3b and 3c). More sophisticated modelling may be required for 
extrapolation at deeper levels of the results obtained from the 
MB&SS. However, even simple structural interpretation allows 
us to unravel hydrocarbon migration pathways and retention 
risks, providing those cores have been strategically located when 
planning the MB&SS campaigns.

The MSGBC MB&SS study
The MSGBC are the basins of the West African Margin that com-
prise offshore Mauritania Senegal, The Gambia, Guinea-Bissau, 
and the Republic of Guinea Conakry. The region hosts recent 
world-class oil and gas discoveries (e.g., Sangomar oilfield, Tor-
tue and Yakaar gas discoveries). Modern broadband 2D and 3D 
seismic allowed structural and stratigraphic interpretation at both 

successfully integrated into the exploration cycle offshore West 
Africa: offshore MSGBC (Mauritania, Senegal, The Gambia, 
Guinea Bissau, and Republic of Guinea), and in deepwater 
Nigeria (Figures 2a and 2b).

Multi-beam echosounder for seafloor core 
sampling of hydrocarbon seeps
TGS has combined multi-beam and seafloor sampling surveys 
(MB&SS) to address several challenges of frontier and under-
explored basins, from offshore Mexico to the western margins 
of Africa. These were based on a multi-client business model to 
de-risk new and existing plays and to enable the identification of 
new prospects. The exploration challenges were properly defined 
with the existing seismic data, both 2D and 3D, to focus the 
multi-beam and coring campaigns (Figure 2).

Figure 2 Area of the multi-beam and seafloor sampling campaigns conducted by 
TGS in West Africa. a) MSGBC, offshore Mauritania, Senegal, The Gambia, Guinea-
Bissau, and Republic of Guinea Conakry. b) Deepwater Nigeria.
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reservoir level to the seafloor, but not directly related to specific 
prospects or known accumulations (Figures 4a and 4b). This 
further suggests the presence of effective seals capable of retaining 
hydrocarbons despite the presence of shallow faults and other 
structural complexities.

A carbonate platform is regionally present, up to 6000 m 
thick, developed since the Jurassic period and mainly during 
the Cretaceous period (Figure 4a). The platform extends over 
continental crust stretched by several phases of rifting in the 
Palaeozoic-Triassic and the Lower Cretaceous, when the Atlantic 
Ocean opened (Soto et al, 2017; Esestime et al. 2020). The car-
bonates provide a thermally cold environment compared to clastic 
sediments. However, the heat generated from the continental 
crust may have increased the maturity of potential source rocks 
in the lower sediment section. The established basin temperatures 
over the shelf area are modelled by the oil window of the oil 
type found at the Dome Flore prospect/discovery (Figure 2a), 
which is related to a lacustrine source rock, deeply buried within 
the inboard salt-basin of the Guinea platform. The platform 
has several clastic intercalations one of which is known as the 
reservoir of the Sangomar oilfield. Outboard carbonate build-ups 
and karstification may have resulted from various phases of 
uplift in the Late Cretaceous period providing additional traps at 
the palaeo-shelf edge trend. An oil-generative marine carbonate 
source rock has been confirmed on the platform by the MB&SS 
campaign which is not related to the source previously described 
for the Dome Flore discovery. These hydrocarbons have likely 
migrated through 4000-5000 m of shallow water carbonates 
where only a few faults and fractures are present. This insight 
opens a new play concept, with hydrocarbon migration independ-
ent from the enigmatic oil source at the Dome Flore (Figure 2a).

A steep slope marks the abrupt transition from the carbonate 
platform into the deepwater clastics, also interpreted as one of 
the main migration pathways. The outboard deepwater petroleum 
system is established by the Sangomar oilfield and the FAN-1 
south discovery. The presence of oil-prone Aptian pelagic source 
rock gives evidence for medium-to-long-distance migration 
further confirmed by the MB&SS data. The migration paths 
concentrate along the carbonate slope and connect the deepwater 
kitchen to a variety of structural and stratigraphic prospects at 
the shelf edge. This kitchen has a thermal regime favourable 
for oil as well as gas (e.g., Tortue and Yakaar and Great Tortue 
Ahmeyim (GTA). Additional source rocks have been identified 
in the Turonian-Cenomanian shales from the DSDP borehole 367 
(Figure 2a). The MB&SS campaign confirmed different oil and 
gas provinces, predominantly oil-generative, despite the presence 
of gas fields in northern Senegal.

Deepwater Nigeria MB&SS study
Nigeria’s prolific basin at the eastern end of the Gulf of Guinea is 
dominated by a broad shelf hosting the Niger Delta. This world-
class delta extends from the onshore areas as far out as deepwater 
offshore Nigeria, partially over the oceanic crust. The deltaic 
progradation can be subdivided into two main lobes, northwest 
and southeast, with a similar structural evolution. The lobes 
are controlled by gravity-driven systems, detached on regional 
shales, which led to the formation of extensional faults inboard, 

basin and prospect scale (Figure 2a). The MSGBC MB&SS study 
was planned to de-risk the source rock presence in the shelf, the 
hydrocarbon maturity in deepwater, and to confirm the migration 
paths from the deepwater kitchen (Figure 4a and 4b).

In the Early Tertiary period, marine transgressions led to the 
deposition of mixed carbonates and shales, a regionally viable 
seal for potential carbonate and clastic targets. The MB&SS data 
have confirmed the presence of mature source rocks in the shelf 
and deepwater domains, where several untested prospects and 
leads have been identified from modern broadband seismic data. 
However, limited seismic evidence of hydrocarbon escapes exists, 
even from the known discoveries, which suggests an effective 
sealing capacity for the Late Cretaceous and Tertiary shales. The 
macro-seepages are concentrated on structures breaching from 

Figure 3 Joint analysis between seismic and multi-beam data in the MSGBC Basin. 
The 3D seismic attributes are extracted in the first 60 m underneath the seafloor. 
Water column anomalies are indicated as red circles; a) similarity, attribute (structural 
discontinuities); b) RMS amplitude attribute; c) multibeam bathymetry with backscatter 
overlay. Data was produced in partnership with TGS, PGS and Geopartners.
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Figure 4 Joint analysis of 3D seismic and core 
samples in the MSGBC Basin. This oil-bearing 
core is located over a fractured overburden 
along a regional migration pathway, connecting 
the Cretaceous carbonate platform with the 
clastic basin; a) Kirchhoff pre-stack depth 
migrated section; b) depth similarity attribute. 
Data was produced in partnership with TGS, 
PGS, GeoPartners.

Figure 5 The 2D Kirchhoff pre-stack depth-migrated section from deepwater Nigeria shows the main petroleum system elements. Inset figure a) shows the backscatter over a 
mud-volcano, the active seepage is visible of the bright flows on its flanks, presumably tars. Data was produced in partnership with TGS and Petrodata.
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required to determine the full model of migration, charge, and 
retention, and to confirm the presence of economical hydrocar-
bons in the deep water.

Conclusion
MB&SS campaigns are strategic tools in hydrocarbon explora-
tion for complementing and adding value to the existing seismic 
and to address future acquisitions. We presented a workflow 
to sample and interpret the marine hydrocarbon seepages from 
seafloor coring campaigns based on seismic and multi-beam 
surveys (Figure 1). The workflow is aimed at de-risking basin-
wide elements of the petroleum system, as source rock presence 
and maturity. Where 3D seismic is available, the MB&SS can be 
focused on de-risking migration, charge, and retention, in specific 
hydrocarbon prospects and/or set of prospects.

Recovery of hydrocarbons is the main objective and the 
geochemical categorisation of the seeps according to their 
attributes will provide the basis for source-to-source and oil-
to-source correlations, crucial information to develop new and 
existing exploration targets. All cores sampled, with or without 
hydrocarbons, may contribute to refining the migration and 
charge-retention models, as result of a joint analysis with seismic 
and other geophysical data available (Figures 3a, 3b, 3c).

The MB&SS collected in MSGC and Nigeria have facilitated 
the evaluation of the entire basin and provided a robust de-risking 
tool for source rock presence, hydrocarbon migration and charge 
(Figures 2a and 2b).

and the famous fold and thrust belts in deepwater. Hydrocarbon 
exploration is relatively mature in the nearshore and in shallow 
water where numerous oil and gas discoveries have been made 
and are currently in production. Exploration did not extend much 
into the deepwater domain as the effectiveness of the petroleum 
system is challenged by various factors, among others: 1) the 
reduced sediment thickness in the overburden (less than 3000 m); 
2) the uncertainty of the source rock presence and maturity; 3) 
the presence of oceanic crust, providing a cooler thermal regime.

Offshore Nigeria the MB&SS effectively de-risked the 
deepwater petroleum system. These campaigns were focused on 
extending the inboard petroleum system to include the outermost 
deepwater fold and thrust belt and even beyond (Figure 2b).

The petroleum potential is mainly related to the Creta-
ceous-Quaternary intervals which have a thickness of 10-12 km 
in the shallow water and 5000-6000 m in the deepwater domains 
(Figures 2b and 5). This interval is subdivided in two regional 
megasequences named as the Akata and Agbada Formations. 
Their boundaries have been defined from onshore analogues 
(Morgan, 2004), and based on seismic characters. The Akata 
shales have a widespread thickness of approximately 1000-
1500 m; however, this may be underestimated. The 2D seismic 
data shows similar seismic facies down to the first post-rift record, 
above the extended continental and oceanic crusts (Figure 5). The 
Akata formation is known to be a source rock in the inboard and 
an excellent candidate for the deepwater once organic contents 
and thermal maturity are proven. The Akata shales are overlain by 
several potential reservoirs of to the Agbada Formation.

The Agbada Formation is a clastic deltaic system, developed 
from deepwater conditions since the Miocene period and during 
the Quaternary period. It reaches 5000 m in thickness at 2000 m 
water-depth, and gradually reduces to 2500 m in the most distal 
sectors. The lower reservoirs are expected to be in the deepwater 
lobes of the delta, providing stacked reservoirs in the inboard and 
outboard fold and thrust belts, changing upward into channelized 
systems in the fold valleys. These structures partially breach 
the seafloor and are controlled by the local sedimentation of the 
Agbada Formation (Figures 6a and 6b). The seal is provided by 
interbedded shales.

The MB&SS has confirmed that the hydrocarbon-bearing 
cores often align with the large folds and thrust-related anticlines 
that breached the seafloor surface and extended deep enough 
to reach the top Akata Formation (Figures 5, 6a and 6b). Those 
structures were assumed to be the best migration pathways to be 
tested for seepage, as detachment levels run in the Akata Forma-
tion, and are potentially related to oil-prone overpressured shales. 
This hypothesis was confirmed by the presence of mud diapirs 
in the subsurface, later proven by the recovery of hydrocarbons 
directly flowing to the seafloor from a mud volcano (Figure 5a).

The MB&SS campaign identified several oil families that 
now can tentatively be correlated with structural trends in the 
reservoirs mapped. Single anticline structures may have multiple 
charged reservoirs, a trapping mechanism already established 
by the inboard discoveries and suggested by seismic DHIs 
(Figure 6a and 6b). Further exploration will also confirm if the 
oil-generative source rock outboard can be related to the Akata 
shales or to a deepwater equivalent. New 3D seismic data is 

Figure 6 Joint analysis of 2D seismic data and core samples in deepwater Nigeria. 
The cores are hydrocarbon-bearing, which are leaking to the seafloor from shallow 
fractures. Several stacked reservoirs are present in the subsurface fold, featuring a 
gas hydrate signature below seabed (bottom simulating reflector) a) Kirchhoff pre-
stack depth migrated section; b) depth similarity attribute. Data was produced in 
partnership with TGS and Petrodata.



SPECIAL TOPIC: MODELLING / INTERPRETATION 

6 0 F I R S T  B R E A K  I  V O L U M E  4 0  I  J U L Y  2 0 2 2

and processing techniques. Marine Geophysical Research, 39, 
323-347.

Morgan, R. [2004]. Structural control on the positioning of submarine 
channels on the lower slopes of the Niger Delta. In: Davies, R.J., 
Cartwright, J.A., Stewart, S.A., Lappin, M. and Underhill, J.R. (eds). 
3D Seismic Technology: Application to the Exploration of Sedimen-
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Seeps in Offshore Frontier Basins. AAPG, IPA-33rd Annual Conven-
tion Proceedings.
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Tectonics in Europe, North Africa, and the Atlantic Margins: A Syn-
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Urban, U., Koser, K. and Greinert, J. [2017]. Processing of multibeam 
water column image data for automated bubble/seep detection and 
repeated mapping. Limnol. Oceanogr.: Methods, 15, 1-21.
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intensity on level of biodegradation in sea bottom sediments. Organic 
Geochemistry, 33, 12, 1277-1292.

Zhao, J., Meng, J., Zhang, H. and Wang, S. [2017]. Comprehensive 
Detection of Gas Plumes from Multibeam Water Column Images 
with Minimisation of Noise Interferences. Sensor, 17, 12, 2963.

In the MSGBC new insights are helping to de-risk migration 
and retention of the hydrocarbon in the numerous prospects iden-
tified from the 3D seismic data, some of which is already proven 
(e.g., Sangomar oilfield). In deepwater Nigeria, the presence of a 
working hydrocarbon system has been confirmed. The high rate 
of success in recovering hydrocarbon-bearing cores suggests that 
new exploration opportunities are waiting to be unlocked, among 
those are thrust-related anticlines, with multiple pays vertically 
stacked.
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