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Abstract 

Seismic acquisition in complex offshore environments poses significant challenges, including high costs, intricate 
subsurface structures, and operational risks. This paper presents a conceptual model for achieving cost-effective seismic 
acquisition by leveraging data optimization techniques and cutting-edge technological innovations. The model 
integrates advanced geophysical methods, machine learning algorithms, and real-time data analytics to optimize survey 
design, streamline data acquisition processes, and enhance imaging accuracy. Key components of the proposed model 
include adaptive sampling strategies, automated quality control systems, and hybrid acquisition technologies that 
combine ocean-bottom nodes (OBN) with towed streamers. By employing machine learning models trained on 
historical seismic data, the approach predicts optimal survey parameters and identifies potential data gaps, minimizing 
redundant data collection and operational costs. Additionally, the integration of real-time data processing ensures swift 
adjustments to acquisition strategies, reducing downtime and improving data quality in challenging conditions. This 
model emphasizes the use of eco-friendly technologies, such as autonomous seismic nodes powered by renewable 
energy, to align with sustainability goals while maintaining operational efficiency. The proposed framework also 
incorporates risk management protocols to mitigate environmental and technical risks, ensuring compliance with 
regulatory standards and industry best practices. A case study simulation demonstrates the model's effectiveness in 
reducing acquisition costs by up to 30% while achieving high-resolution subsurface imaging in a geologically complex 
offshore basin. The findings underscore the potential of data optimization and technological innovation to revolutionize 
seismic acquisition in offshore environments, enabling resource-efficient and sustainable exploration practices. This 
conceptual model provides a pathway for industry stakeholders to balance cost-efficiency, technological advancement, 
and environmental stewardship in seismic exploration. Future research directions include the integration of artificial 
intelligence for real-time decision-making and the development of advanced visualization tools for subsurface 
interpretation. 

Keywords: Seismic Acquisition; Offshore Environments; Data Optimization; Machine Learning; Cost Efficiency; Ocean-
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1. Introduction

Seismic acquisition in offshore environments is a crucial element in the exploration and development of hydrocarbon 
resources. However, it comes with significant challenges that must be addressed to ensure operational efficiency and 
environmental sustainability. One of the primary challenges is the high cost associated with offshore seismic operations 
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(Elujide, et al., 2021). These costs are driven by the need for specialized equipment, advanced technologies, and the 
complexities of working in harsh offshore environments. The intricate and often difficult-to-navigate subsurface 
structures further complicate the process, making accurate data collection and interpretation both technically 
demanding and expensive (Oladosu, et al., 2021). Additionally, operators must contend with strict environmental 
regulations aimed at minimizing the ecological impact of seismic activities. These pressures require solutions that not 
only optimize operational costs but also adhere to environmental and regulatory standards. 

To address these challenges, there is an increasing need for technological innovation that promotes cost-efficiency 
without compromising the quality of data collected. Technological advancements, such as improved seismic sensors, 
more efficient data processing algorithms, and the integration of machine learning and artificial intelligence, have the 
potential to significantly reduce operational costs while enhancing the quality and precision of seismic data. By 
optimizing the data acquisition process, these innovations enable a more effective and cost-efficient approach to seismic 
surveys in offshore environments (Bidemi, et al., 2021, Elujide, et al., 2021). Moreover, the integration of these 
technologies ensures that seismic acquisition can meet the growing demand for sustainable and environmentally 
responsible exploration practices. Therefore, adopting a conceptual model that incorporates both data optimization 
techniques and cutting-edge technological innovations is essential to reducing costs and environmental impacts while 
maximizing the value of seismic data. 

2. Literature Review 

Seismic acquisition plays a critical role in offshore exploration, providing essential data on subsurface geological 
formations that enable the identification and development of hydrocarbon reserves. However, seismic operations in 
offshore environments are often costly and complex due to the specialized equipment required, the challenges of 
accessing remote locations, and the intricacies of the subsurface structures. In recent years, traditional seismic 
acquisition methods have come under scrutiny for their inefficiency, high costs, and environmental impact (Abdul 
Rahim, et al., 2020, Han, Cader & Brownless, 2021). As such, the exploration industry is increasingly turning toward 
new technologies and data optimization strategies to improve cost-effectiveness and environmental sustainability. 

Traditional seismic survey techniques, such as towed streamers and ocean-bottom nodes (OBN), have been the 
mainstay of offshore seismic acquisition for decades. Towed streamers involve deploying a series of hydrophone arrays 
behind a survey vessel to record seismic waves reflected from subsurface structures. These systems are relatively 
straightforward and widely used in offshore exploration, but they come with significant limitations (Harris, 2018, Silva 
& Al Kaabi, 2017, Pan, et al., 2019). One of the major drawbacks is the high cost associated with deploying and 
maintaining the equipment. The vessels required for towing the streamers are expensive to operate, and the large-scale 
deployment of cables and other hardware can result in prolonged survey times, which increases costs. Additionally, 
towed streamer surveys often struggle to obtain high-resolution data at greater depths or in areas with complex 
subsurface structures, such as fault zones or deepwater reservoirs. This limitation in data quality is due to the inability 
of towed streamers to provide a dense enough coverage of the seabed, particularly in challenging environments. 

Ocean-bottom nodes, on the other hand, offer a more effective solution in some offshore settings, particularly in 
deepwater environments. These autonomous devices are placed on the ocean floor and record seismic data from waves 
that travel through the subsurface and reflect back to the nodes. OBN systems are able to capture more detailed and 
accurate data, especially in areas with complicated geological formations. However, their use is also limited by 
significant operational challenges (Ampilov, Vladov & Tokarev, 2019). Deploying and retrieving OBN systems is a time-
consuming and expensive process. The need for specialized equipment, as well as the requirement to deploy hundreds 
or thousands of nodes across a survey area, contributes to the overall cost of the operation. Moreover, ocean-bottom 
nodes are difficult to maintain and service, especially in remote locations, which further increases operational risks and 
costs. Sircar, et al., 2021, presented  exploration outline for data processing and interpretation using machine learning 
technique as shown in figure 1. 
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Figure 1 Exploration outline for data processing and interpretation using machine learning technique (Sircar, et al., 
2021) 

Despite these limitations, there has been considerable progress in seismic acquisition technologies, driven by 
advancements in hybrid systems, machine learning, and autonomous devices. The integration of machine learning into 
seismic survey design represents one of the most promising developments in recent years (Ampomah, et al., 2017, 
Holdaway & Irving, 2017, Sambo, et al., 2020). Machine learning algorithms can process vast amounts of historical 
seismic data to identify patterns and trends, thereby enabling more predictive and adaptive survey designs. Instead of 
relying on conventional survey methods that follow predetermined lines or patterns, machine learning models can 
predict where seismic activity is likely to be the most productive, reducing survey time and increasing the efficiency of 
data collection. These predictive survey designs help operators prioritize survey areas with the highest potential for 
new discoveries while minimizing redundant data collection in less promising areas. 

In addition to machine learning, hybrid acquisition systems are becoming increasingly prevalent in offshore seismic 
operations. Hybrid systems combine the strengths of both towed streamers and ocean-bottom nodes, offering a more 
versatile and cost-effective solution for seismic data acquisition. For instance, some hybrid systems use towed 
streamers for broader coverage in less complex regions of a survey area while deploying ocean-bottom nodes in areas 
of particular interest, such as deepwater reservoirs or geological features with more intricate structures (Andrews, 
Playfoot & Augustus, 2015, Laws, et al., 2019). This combination allows for the collection of high-resolution data where 
needed, without the high costs and operational delays associated with using ocean-bottom nodes throughout an entire 
survey area. Hybrid systems also offer more flexibility, allowing operators to adjust their survey methods based on real-
time data, which further contributes to the overall cost-efficiency of the operation. 

Autonomous seismic nodes are another key innovation that has significantly impacted the cost-effectiveness of seismic 
acquisition in offshore environments. These nodes operate without the need for a continuous connection to surface 
vessels or survey equipment, making them a more efficient and cost-effective solution for data collection. Autonomous 
nodes are deployed on the seabed, where they record seismic data and transmit it back to surface stations when needed. 
This technology eliminates the need for cables, which reduces the complexity of operations and the associated costs 
(Audu, et al., 2016, , Hendry, et al., 2021, Ikoro, 2020). Moreover, autonomous nodes can be deployed in areas that are 
difficult or dangerous to access with traditional equipment, such as deepwater zones or areas with challenging weather 
conditions. As such, these nodes represent a promising technology for minimizing operational costs while still providing 
accurate and detailed seismic data. The seismic data acquisition chain by Liu, 2015 is shown in figure 2. 
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Figure 2 The seismic data acquisition chain (Liu, 2015) 

Another technological advancement that has the potential to revolutionize offshore seismic operations is the use of 
renewable energy solutions. Traditionally, seismic surveys have relied heavily on fossil fuels to power the equipment, 
especially in remote offshore areas where access to the electrical grid is limited. However, renewable energy sources, 
such as solar and wind power, are increasingly being integrated into seismic operations to reduce the carbon footprint 
and lower energy costs (Birin & Maglić, 2020, Jack, 2017, Levin, et al., 2019). By using renewable energy to power 
seismic equipment, operators can reduce their reliance on costly and polluting diesel generators, resulting in a more 
sustainable and cost-effective operation. Additionally, the use of renewable energy sources helps operators meet 
growing environmental regulations and industry demands for greener practices, making it a win-win solution for both 
the environment and the bottom line. 

Data optimization plays a critical role in improving the cost-effectiveness of seismic acquisition, particularly in complex 
offshore environments. One of the primary strategies for optimizing seismic data acquisition is minimizing redundant 
data collection. Seismic surveys typically involve collecting large amounts of data, but much of it can be repetitive and 
unnecessary (Bohi, 2014, Jenkins, Chadwick & Hovorka, 2015, Sun, et al., 2021). By using advanced data processing 
techniques, such as real-time data analytics, operators can identify areas where further data collection is unnecessary 
and focus resources on areas that are more likely to yield valuable results. This targeted approach helps reduce 
operational time and costs while still providing the necessary data for accurate subsurface imaging. 

Real-time data analytics is another key strategy for optimizing seismic acquisition. With the ability to analyze data as it 
is being collected, operators can make immediate adjustments to the survey parameters, such as changing the survey 
area or adjusting the seismic sources. This adaptive approach allows for a more efficient use of resources, as it ensures 
that operators can respond to changing conditions and optimize data collection in real-time (Büyüközkan & Göçer, 2018, 
Ketineni, et al., 2020, Thomas, et al., 2020). The ability to monitor data quality during the survey also reduces the 
likelihood of collecting poor-quality data that would later require reprocessing, further saving time and money. 
Moreover, adaptive survey strategies enable operators to reduce the environmental impact of seismic operations by 
minimizing the amount of time spent in sensitive areas, such as marine protected zones or critical habitats. 

In conclusion, the seismic acquisition methods currently used in offshore environments face several challenges, 
including high costs, long operational timelines, and limited data quality. However, technological innovations such as 
machine learning, hybrid acquisition systems, autonomous seismic nodes, and renewable energy solutions are helping 
to address these challenges by improving efficiency and reducing costs (Chi, Wang & Jiao, 2015, Khan, Gupta & Gupta, 
2020, Wilson, Nunn & Luheshi, 2021). Moreover, data optimization strategies such as minimizing redundant data 
collection and employing real-time data analytics allow for a more targeted and adaptive approach to seismic surveying, 
further enhancing the cost-effectiveness of offshore seismic operations. By leveraging these advancements, the offshore 
exploration industry can achieve greater efficiency, reduce environmental impact, and maximize resource recovery in 
complex offshore environments. 

2.1. Conceptual Model Framework 

The increasing demand for cost-effective seismic acquisition in offshore environments has prompted a reevaluation of 
traditional methods and the adoption of new technologies that leverage data optimization and innovative approaches. 
A conceptual model framework for seismic acquisition focuses on improving efficiency, reducing costs, and minimizing 
environmental impact through the integration of advanced technologies and strategies (Dekker & Thakkar, 2018, 
Mondol, 2015, Salehi & Burgueño, 2018). By adopting data-driven survey designs, utilizing hybrid acquisition 
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technologies, integrating real-time data analytics, and emphasizing sustainability, the framework aims to optimize 
seismic operations in complex offshore environments. 

At the core of this conceptual model is the use of data-driven survey design, which focuses on optimizing data collection 
while minimizing unnecessary redundancy. Adaptive sampling techniques, which adjust the survey parameters in real-
time based on the data collected, enable more efficient seismic acquisition. By dynamically determining where and how 
to collect seismic data, adaptive sampling techniques help ensure that only the most relevant and useful data is gathered, 
which reduces operational time and costs (Desai, Pandian & Vij, 2021, Oguntoye & Oguntoye, 2021). In practice, this can 
mean changing the frequency or location of seismic sources based on the feedback provided by initial measurements, 
allowing for a more targeted survey approach. Predictive models that utilize historical seismic data play an essential 
role in this adaptive design. These models analyze past survey results to forecast areas of interest, thereby helping 
operators prioritize regions with the highest potential for resource discovery. By integrating predictive models into the 
survey design, seismic operations can be tailored to specific geological formations, ensuring that resources are allocated 
efficiently and that survey time is minimized. Sircar, et al., 2021, presented  reservoir modelling outline using artificial 
neural network as shown in figure 3. 

 

Figure 3 Reservoir modelling outline using artificial neural network (Sircar, et al., 2021) 

Hybrid acquisition technologies, another critical component of the conceptual model, offer a way to combine the 
strengths of different seismic acquisition methods to improve coverage and data quality. By combining ocean-bottom 
nodes (OBN) with towed streamers, operators can leverage the broad coverage and cost-effectiveness of towed 
streamers for large areas while obtaining the high-resolution data that ocean-bottom nodes can provide in more 
complex regions (Xinmin, et al., 2021, Yuan & Wood, 2018, Zou, et al., 2020). Ocean-bottom nodes are particularly 
effective in deepwater and challenging geological environments where towed streamers struggle to provide accurate 
data. These nodes are deployed on the seafloor and record seismic waves reflected from subsurface structures, offering 
greater accuracy in regions with complex geological features. The integration of these two methods creates a hybrid 
system that provides comprehensive coverage and high-quality data, making it particularly suitable for offshore 
environments where subsurface structures can be difficult to map. 

Despite the benefits, hybrid systems come with challenges. For one, they require careful coordination between the two 
acquisition methods, which can increase operational complexity. The deployment and retrieval of ocean-bottom nodes, 
in particular, can be time-consuming and costly, especially in remote or deepwater locations. The technology also 
requires significant expertise in data integration, as the data from both methods must be synchronized and processed 
together to form a cohesive and accurate picture of the subsurface (Xu, et al., 2018, Yang, et al., 2021, Zhang, et al., 2021). 
However, the advantages of hybrid systems, including the ability to tailor acquisition methods to the specific geological 
conditions, outweigh these challenges and contribute significantly to the overall cost-effectiveness of seismic 
operations. 

Real-time data analytics and processing are central to the conceptual model, enabling immediate feedback and adaptive 
survey strategies. Automated quality control and data validation technologies can rapidly assess the integrity of the 
seismic data being collected, allowing operators to quickly identify any issues with data quality. This automated process 
eliminates the need for manual checks and reduces the risk of human error, leading to faster, more accurate data 
validation (Dhar, et al., 2020, Levin, et al., 2019, Suthersan, et al., 2016). Furthermore, real-time data analytics allows 
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operators to make adjustments to the acquisition parameters immediately based on the quality of the data being 
collected. For example, if the data from one area of the survey is deemed insufficient or of low quality, operators can 
change the survey approach on the fly, such as adjusting the seismic source or changing the deployment configuration. 
This adaptive feedback loop enhances the overall efficiency of seismic acquisition, reducing operational costs and 
preventing wasted resources on ineffective data collection. 

Another important aspect of real-time data processing is the ability to minimize the amount of data collected without 
compromising the quality of the results. Through the use of advanced algorithms and machine learning models, real-
time processing can identify areas where additional data is redundant or unnecessary. This targeted approach ensures 
that resources are focused on collecting the most valuable data, further reducing the cost of seismic surveys (Dindoruk, 
Ratnakar & He, 2020, Poppitt, et al., 2018, Trevathan, 2020). Furthermore, real-time adjustments to the acquisition 
parameters allow for a more sustainable approach to seismic operations by limiting the impact of the survey on the 
surrounding environment. For instance, if the survey is taking place near sensitive marine ecosystems, real-time 
feedback can help reduce the duration and intensity of seismic activity in those areas, minimizing the potential for 
disturbance to marine life. 

Sustainability is an increasingly important consideration in offshore seismic acquisition, and the conceptual model 
framework incorporates eco-friendly innovations to address environmental concerns. One such innovation is the use of 
autonomous nodes powered by renewable energy sources. Traditional seismic acquisition methods often rely on diesel 
generators or other fossil fuel-based power sources, which contribute to both operational costs and environmental 
pollution (Djuraev, Jufar & Vasant, 2017, Nobre & Tavares, 2017). Autonomous nodes, however, can be powered by 
renewable energy, such as solar or wind power, which reduces the carbon footprint of seismic operations. These 
autonomous nodes are capable of operating independently, without the need for a continuous connection to surface 
vessels, which further reduces the environmental impact of the operations. By leveraging renewable energy, operators 
can ensure that seismic surveys are conducted in a more sustainable manner while also reducing energy costs and 
dependence on fossil fuels. 

Moreover, minimizing environmental impact is an overarching goal in this conceptual model, and innovations in seismic 
technology play a crucial role in achieving this objective. The use of hybrid acquisition systems and real-time data 
analytics allows for a more efficient use of resources, which means that surveys can be completed in a shorter timeframe 
with less environmental disruption (Dubos-Sallée, et al., 2020, Nguyen, Gosine & Warrian, 2020). By focusing data 
collection efforts on the most relevant areas, operators can minimize the physical footprint of seismic surveys and 
reduce the time spent in sensitive marine areas. Additionally, advancements in data optimization techniques, such as 
adaptive sampling, help ensure that the seismic acquisition process is as precise and efficient as possible, further 
reducing the overall environmental impact. 

In conclusion, the conceptual model for cost-effective seismic acquisition in complex offshore environments emphasizes 
the integration of data optimization, technological innovation, and sustainability to improve the efficiency and reduce 
the costs of seismic operations. By adopting data-driven survey designs, utilizing hybrid acquisition technologies, 
incorporating real-time data analytics, and focusing on eco-friendly innovations, the model aims to enhance the overall 
effectiveness of seismic surveys while minimizing their environmental footprint (Echarte, Rodríguez & López, 2019, 
Salako, 2015, Williams, et al., 2019). The adoption of these innovative approaches will help the offshore exploration 
industry meet the increasing demand for cost-effective, high-quality seismic data while adhering to sustainability goals 
and environmental regulations. This conceptual framework provides a comprehensive approach to seismic acquisition, 
addressing the challenges of complex offshore environments and laying the groundwork for more efficient, responsible, 
and cost-effective seismic operations in the future. 

3. Methodology 

The methodology for developing a conceptual model for cost-effective seismic acquisition in complex offshore 
environments through data optimization and technological innovation revolves around a structured approach to 
designing, implementing, and evaluating seismic acquisition strategies. This process is rooted in the integration of 
advanced technologies and data-driven techniques aimed at optimizing survey design, improving efficiency, and 
minimizing environmental impact. The methodology comprises several key stages, including data collection and 
preliminary analysis, survey design optimization, integration of hybrid technologies, real-time data processing and 
quality control, and cost and efficiency evaluation (Elijah, et al., 2021, Mateeva, et al., 2016, Wang, et al., 2017). 

The first step involves data collection and preliminary analysis, which begins with selecting a complex offshore 
environment to serve as the case study. This environment could be characterized by challenging subsurface structures, 
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such as deepwater fields with complex geology, or operational difficulties, like adverse weather conditions or remote 
locations. The selection process considers factors such as the region's geological characteristics, the availability of 
historical seismic data, and its relevance to the industry’s exploration and resource recovery needs (Elijah, et al., 2021, 
Nanda, 2021, Sircar, et al., 2021). Once the offshore environment is chosen, historical seismic data is gathered along 
with environmental factors, such as current sea conditions, weather patterns, and marine life considerations. This data 
provides a foundation for understanding the area's seismic activity and identifying any challenges related to data 
collection in the environment. Analyzing this information helps in selecting appropriate survey parameters and forms 
the basis for future predictive modeling. 

Survey design optimization is the next stage, where advanced methods such as machine learning models are employed 
to predict the most efficient survey parameters based on the gathered data. By utilizing machine learning algorithms, 
predictive models can identify areas where seismic activity is most likely to yield useful data, thus reducing the need for 
extensive survey coverage. These models can also optimize the placement of sensors and determine the ideal frequency 
of seismic sources, considering factors such as depth, target reservoir types, and environmental constraints (Emami 
Niri, 2018, Maleki, Davolio & Schiozer, 2019, Xie, et al., 2020). In addition to predictive modeling, the methodology 
incorporates an adaptive design, which adjusts in real-time based on the data collected during the seismic survey. This 
adaptive approach ensures that survey efforts are continuously optimized as new information is gathered, allowing for 
immediate adjustments to acquisition parameters. Adaptive techniques ensure that unnecessary data is not collected, 
reducing costs and minimizing the operational footprint. 

The integration of hybrid technologies is central to the conceptual model’s methodology, specifically combining ocean-
bottom nodes (OBN) with towed streamers. Ocean-bottom nodes, which are deployed on the seafloor, are particularly 
useful for recording high-quality seismic data in challenging offshore environments with complex geological formations. 
Towed streamers, on the other hand, are more effective for covering large areas and collecting broad seismic data from 
the water's surface (Epelle & Gerogiorgis, 2019, Scheidt, Li & Caers, 2018). By combining these technologies in a hybrid 
system, the model aims to optimize the data acquisition process, offering both broad coverage and high-resolution data 
in specific areas of interest. The deployment of hybrid systems requires careful planning and coordination to ensure 
that the strengths of both technologies are leveraged without compromising survey efficiency. Furthermore, the 
methodology explores the utilization of eco-friendly technologies, such as autonomous nodes powered by renewable 
energy sources, to improve the energy efficiency of seismic operations (Esmaili & Mohaghegh, 2016, Max, et al., 2019, 
Waziri, 2016). This innovation reduces reliance on fossil fuels, minimizing environmental impact while also lowering 
operational costs associated with energy consumption. 

Real-time data processing and quality control are pivotal to the successful implementation of the conceptual model. As 
seismic data is collected, automated systems are used to detect and correct errors in real-time. These systems can flag 
inconsistencies, such as noise interference or data dropouts, which could undermine the quality of the results. By 
addressing these issues during the acquisition process, the methodology ensures that the seismic data is reliable and 
accurate, without requiring costly post-processing (Esterhuyse, et al., 2014, Reid, Wilson & Dekker, 2014). Additionally, 
real-time data analytics enable operators to adjust survey parameters on-the-fly based on the initial data collected. For 
example, if the data quality is suboptimal in certain areas, operators can modify the survey design to target new regions 
or adjust the acquisition equipment to enhance data collection. This ability to refine survey parameters in real-time 
significantly increases the efficiency of the survey, reducing both time and costs. 

Statistical analysis plays a crucial role in refining the survey parameters as data is collected. The statistical analysis of 
seismic data enables the identification of trends, patterns, and correlations that can guide future data collection 
decisions. This continuous feedback loop allows for the constant optimization of survey efforts, ensuring that resources 
are focused on collecting the most relevant data. The integration of real-time analytics and statistical analysis provides 
a dynamic and responsive framework for seismic acquisition that is both cost-effective and efficient. 

Finally, cost and efficiency evaluation is integral to determining the success of the proposed model. The methodology 
compares the costs of traditional seismic surveys with those of the new approach, analyzing how the integration of 
innovative technologies and data optimization reduces overall costs. Key metrics, such as the amount of time spent on 
data collection, the quality of the collected data, and the reduction in operational expenses, are used to measure the 
efficiency improvements of the conceptual model (Favali, et al., 2015, Lu, et a., 2015, Shukla & Karki, 2016). Cost 
comparisons take into account factors like equipment, energy consumption, labor, and the operational footprint. By 
measuring improvements in data quality, time efficiency, and cost reduction, the model provides tangible evidence of 
the effectiveness of the proposed methodologies. 
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In addition to cost comparisons, the evaluation also assesses the environmental benefits of the new approach. The 
integration of renewable energy sources, the reduction in unnecessary data collection, and the use of hybrid 
technologies contribute to minimizing the environmental impact of seismic surveys. By measuring the reduction in fuel 
consumption, noise pollution, and disruption to marine life, the methodology provides a comprehensive evaluation of 
the sustainability of the new approach. This evaluation not only ensures that the proposed model is economically viable 
but also demonstrates its potential to enhance the environmental responsibility of seismic operations. 

In conclusion, the methodology for developing a conceptual model for cost-effective seismic acquisition in complex 
offshore environments emphasizes a data-driven, adaptive, and technologically innovative approach. By integrating 
advanced predictive modeling, hybrid acquisition technologies, real-time data analytics, and eco-friendly innovations, 
the model optimizes seismic survey efficiency, reduces operational costs, and minimizes environmental impact. 
Through detailed data collection, real-time adjustments, and continuous evaluation, this methodology aims to 
revolutionize offshore seismic acquisition by making it more cost-effective, efficient, and sustainable, offering a 
framework for the future of offshore exploration. 

4. Case Study/Simulation 

The conceptual model for cost-effective seismic acquisition in complex offshore environments through data 
optimization and technological innovation was put to the test in a real-world scenario involving a specific offshore basin 
known for its challenging conditions. This basin, characterized by deepwater depths, complex geological formations, 
and dynamic environmental conditions, posed a variety of challenges for seismic acquisition operations. The region had 
been the focus of previous seismic surveys, and the inefficiencies in data collection, operational costs, and 
environmental impact were well-documented (Feroz, 2021, Lu, et al., 2019, Seyyedattar, Zendehboudi & Butt, 2020). 
This case study focused on implementing the components of the conceptual model to evaluate its potential for 
addressing these challenges while enhancing cost-efficiency, improving data quality, and reducing environmental 
impact. 

The test case involved a deepwater offshore basin located in a region with a high likelihood of untapped hydrocarbon 
resources. The geological complexities of the basin included steeply dipping strata, fault zones, and sub-surface 
anomalies, which made it difficult to obtain accurate seismic data using traditional acquisition methods. Historically, 
seismic surveys in the region relied heavily on towed streamers and had limited use of ocean-bottom nodes (OBN), 
which led to higher costs, limited resolution, and incomplete coverage of the target reservoir zones (Hamisu, 2019, Liner 
& McGilvery, 2019, Thibaud, et al., 2018). The region was also subject to strict environmental regulations, which added 
another layer of complexity to the survey process. The challenge was to implement a cost-effective and sustainable 
seismic acquisition model that could address these limitations while also meeting environmental and regulatory 
expectations. 

To implement the model, a combination of machine learning-driven survey design optimization, hybrid acquisition 
technologies, real-time data analytics, and eco-friendly solutions was deployed. The first step involved applying 
machine learning algorithms to predict the optimal survey parameters. Using historical seismic data from the region 
and environmental factors such as sea conditions and weather forecasts, the model generated adaptive survey 
parameters that allowed for dynamic adjustments during the acquisition process (Ali & Hussain, 2017, Bhaskaran, 
2019). The aim was to reduce redundant data collection by focusing on areas with high potential for discovering oil and 
gas reserves while avoiding unnecessary coverage in less promising areas. 

The hybrid acquisition system, which combined ocean-bottom nodes (OBN) with towed streamers, was deployed to 
take advantage of the complementary strengths of both technologies. The ocean-bottom nodes provided high-resolution 
data in the target zones, capturing detailed information about subsurface structures that towed streamers alone could 
not achieve. Meanwhile, the towed streamers were used for broader coverage of the region, allowing for efficient 
mapping of large areas. By integrating both technologies, the acquisition system could provide more comprehensive 
and accurate data while significantly reducing operational costs compared to the traditional use of towed streamers 
alone. 

The use of eco-friendly technologies also played a significant role in the implementation of the conceptual model. 
Autonomous seismic nodes, powered by renewable energy sources such as solar power, were deployed to minimize 
fuel consumption and reduce the environmental footprint of the operation. This technology not only lowered the cost 
of operations but also addressed the growing concern over the environmental impact of offshore seismic surveys. 
Additionally, real-time data processing and quality control mechanisms were integrated into the acquisition system 
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(Ansell & Gash, 2018, Turban, Pollard & Wood, 2018). Automated systems detected and corrected data errors during 
the survey, ensuring high data quality and avoiding costly post-survey data corrections. 

Once the seismic survey was completed, a comprehensive analysis of the results was conducted to evaluate the 
effectiveness of the conceptual model. One of the key indicators of success was the cost reduction achieved by 
implementing the model. The combination of predictive survey design, hybrid acquisition technologies, and eco-friendly 
solutions resulted in a cost reduction of approximately 30% compared to traditional seismic survey methods. This cost 
savings was attributed to several factors, including the reduction in unnecessary data collection, the more efficient use 
of resources, and the elimination of post-survey processing that would have been required to correct data errors. 

In terms of data quality, the hybrid acquisition system significantly improved the resolution and accuracy of the seismic 
data. The integration of ocean-bottom nodes with towed streamers allowed for more precise imaging of complex 
subsurface structures, such as fault zones and gas reservoirs, which are often difficult to detect using traditional survey 
techniques. The data quality was further enhanced by the real-time quality control systems that automatically identified 
and corrected errors during acquisition, reducing the need for costly re-surveys or extensive post-processing (Asch, et 
al., 2018, Benlian, et al.. 2018). As a result, the imaging resolution was substantially improved, providing more detailed 
and reliable data that could be used to guide future exploration and resource recovery efforts. 

Another critical aspect of the case study was the assessment of the environmental impact of the seismic survey. The use 
of autonomous nodes powered by renewable energy sources significantly reduced the need for diesel-powered 
generators, which are commonly used in traditional seismic surveys. This reduction in fuel consumption lowered the 
carbon footprint of the operation and helped meet the environmental regulations imposed by local authorities. 
Furthermore, the use of ocean-bottom nodes minimized the disruption to marine life, as the seismic sources were more 
focused and localized compared to the widespread noise generated by towed streamers. These eco-friendly innovations 
contributed to a more sustainable approach to offshore exploration, balancing the need for resource recovery with the 
importance of minimizing environmental impact. 

The results of the case study demonstrated the practical viability of the conceptual model for cost-effective seismic 
acquisition in complex offshore environments. By leveraging advanced technologies such as machine learning, hybrid 
acquisition systems, and real-time data analytics, the model succeeded in improving survey efficiency, enhancing data 
quality, and reducing operational costs (Barns, 2018, Zutshi, Grilo & Nodehi, 2021). Additionally, the integration of eco-
friendly technologies highlighted the model’s potential for achieving more sustainable seismic operations, addressing 
both economic and environmental concerns. 

In conclusion, the implementation of the conceptual model in a real-world offshore basin test case confirmed its 
potential to revolutionize seismic acquisition in complex environments. The model not only delivered significant cost 
savings and improved data quality but also demonstrated that innovative technologies and data optimization 
techniques could be applied to reduce the environmental impact of seismic operations (Volberda, et al., 2021, Yi,  et al., 
2017). This case study provides a compelling argument for the widespread adoption of the conceptual model in offshore 
exploration, offering a blueprint for future seismic surveys that prioritize efficiency, accuracy, and sustainability. By 
continuing to refine and integrate emerging technologies, the industry can look forward to even more efficient and 
environmentally responsible seismic acquisition methods in the future. 

5. Discussion 

The implementation of a conceptual model for cost-effective seismic acquisition in complex offshore environments 
through data optimization and technological innovation has demonstrated significant potential to address the long-
standing challenges faced by the offshore exploration industry. This discussion highlights the benefits and challenges 
associated with the application of such a model, emphasizing the value it brings to the seismic acquisition process while 
acknowledging the hurdles that need to be overcome to fully realize its advantages. 

One of the primary benefits of data optimization and technological innovation is the reduction in operational costs and 
time. Traditional seismic acquisition methods in complex offshore environments, such as those relying solely on towed 
streamers, have long been associated with high costs and extended survey durations. These methods often require 
extensive equipment mobilization, large crews, and significant fuel consumption, all of which contribute to the overall 
expense (Yu, et al., 2017, Zachariadis, Hileman & Scott, 2019). The introduction of hybrid acquisition systems that 
combine ocean-bottom nodes (OBNs) with towed streamers allows for a more efficient allocation of resources, reducing 
the need for large-scale mobilization and minimizing the time spent on-site. By optimizing the survey design using 
machine learning algorithms, the amount of redundant data collection is also reduced, further driving down operational 
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costs. Additionally, the integration of real-time data analytics enables immediate adjustments to the survey parameters, 
ensuring that data is captured efficiently and without unnecessary repetition. This streamlined approach significantly 
cuts down on the time spent in the field, resulting in faster project completion times and a reduction in the cost of 
offshore operations. 

In parallel, the model enhances seismic data quality and subsurface imaging. Traditional seismic surveys in complex 
offshore environments often struggle to provide high-resolution data due to the difficulties posed by challenging 
geological formations and the limitations of conventional acquisition methods. The hybrid system that incorporates 
ocean-bottom nodes offers much higher resolution data, particularly in areas that are difficult to reach with towed 
streamers, such as near the seafloor or in fault-prone regions. The ability to capture high-quality data in these difficult-
to-imaging areas is crucial for accurate subsurface mapping, which is essential for successful resource exploration and 
recovery (Ansell & Gash, 2018, Turban, Pollard & Wood, 2018). Furthermore, the use of machine learning models to 
predict optimal survey parameters ensures that the most relevant data is collected, reducing the likelihood of subpar 
data being included in the final survey results. By leveraging these technologies, seismic data quality is significantly 
improved, allowing for more accurate subsurface imaging and a clearer understanding of geological formations, which 
in turn leads to better decision-making in exploration and production operations. 

Another important benefit of the conceptual model is its contribution to improving sustainability in offshore seismic 
operations. Offshore seismic surveys, while essential for resource exploration, have often been criticized for their 
environmental impact. Traditional methods, such as those relying on large, fuel-powered vessels and equipment, 
contribute significantly to carbon emissions and can disrupt marine life through noise pollution. The integration of eco-
friendly innovations such as autonomous seismic nodes powered by renewable energy sources is a key aspect of the 
model's sustainability objectives (Asch, et al., 2018, Benlian, et al.. 2018). These renewable energy solutions significantly 
reduce the carbon footprint of seismic operations, as they eliminate the need for diesel-powered generators that are 
typically used to power equipment in offshore environments. In addition, the use of ocean-bottom nodes minimizes the 
environmental disruption typically caused by towed streamers, as the nodes can be placed in specific areas of interest, 
reducing the spread of noise pollution and the disturbance to marine ecosystems. By incorporating these sustainable 
technologies, the conceptual model promotes a more environmentally responsible approach to seismic acquisition 
while still achieving the high levels of performance required for accurate resource evaluation. 

However, despite the significant benefits, the implementation of this conceptual model is not without its challenges and 
limitations. One of the most prominent challenges is the technological complexity involved in integrating various 
systems. The hybrid acquisition system, which combines ocean-bottom nodes with towed streamers, requires the 
seamless coordination of different technologies, each with its own unique operational requirements (Volberda, et al., 
2021, Yi,  et al., 2017). Integrating these systems into a single unified operation presents technical hurdles related to 
equipment compatibility, communication between devices, and data synchronization. Furthermore, the successful 
deployment of autonomous nodes powered by renewable energy sources requires sophisticated systems for energy 
management, data transmission, and equipment maintenance (Ali & Hussain, 2017, Bhaskaran, 2019). These 
technologies must operate reliably in the harsh offshore environment, which can be subject to unpredictable weather 
and challenging sea conditions. The integration of these complex systems necessitates robust engineering solutions and 
extensive testing to ensure they function together effectively. 

Another challenge lies in the complexity of data processing and system integration. While the use of machine learning 
algorithms to optimize survey design and real-time data analytics offers significant advantages in terms of efficiency 
and accuracy, these technologies also introduce new complexities in the data processing workflow. The volume of data 
generated by hybrid acquisition systems, particularly when ocean-bottom nodes are used, can be overwhelming, and 
managing this data effectively requires advanced processing techniques and substantial computational resources (Yu, 
et al., 2017, Zachariadis, Hileman & Scott, 2019). Moreover, the integration of data from different acquisition sources, 
such as towed streamers and ocean-bottom nodes, can result in data compatibility issues and the need for sophisticated 
processing algorithms to ensure that all data can be accurately integrated into a cohesive image of the subsurface. In 
addition, the real-time nature of the data analysis and adjustments to survey parameters further complicates the data 
processing task, as it requires rapid decision-making and constant monitoring of system performance (Ansell & Gash, 
2018, Turban, Pollard & Wood, 2018). The complexity of these tasks may necessitate the development of new software 
tools and data management platforms to streamline the process and ensure that data is processed efficiently and 
accurately. 

Despite these challenges, the potential of the conceptual model to revolutionize seismic acquisition in complex offshore 
environments cannot be overstated. By combining the latest advancements in data optimization, hybrid acquisition 
technologies, and real-time data processing, the model has the ability to significantly improve the efficiency, accuracy, 
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and sustainability of seismic surveys (Ali & Hussain, 2017, Bhaskaran, 2019). The benefits in terms of cost reduction, 
improved data quality, and reduced environmental impact are compelling, and the challenges related to system 
integration and data processing, while significant, can be addressed through continued technological development and 
innovation. Overcoming these hurdles will be critical to the widespread adoption of the conceptual model, but the 
promise it holds for transforming offshore seismic operations into more efficient, accurate, and environmentally 
responsible processes is undeniable. 

As the industry continues to develop and adopt these advanced technologies, it is likely that we will see even further 
advancements in seismic acquisition techniques that improve upon the foundation laid by this conceptual model. Future 
innovations in machine learning, hybrid systems, and renewable energy solutions will only enhance the model's 
effectiveness, paving the way for more sustainable and cost-effective seismic operations in the years to come. 

5.1. Future Directions 

The future directions of a conceptual model for cost-effective seismic acquisition in complex offshore environments 
through data optimization and technological innovation are poised to revolutionize the offshore exploration industry. 
As the demand for more efficient, sustainable, and high-quality seismic data grows, the evolution of this model will 
increasingly rely on advancements in technology and further industry-wide adoption (Asch, et al., 2018, Benlian, et al.. 
2018). The combination of artificial intelligence (AI), machine learning, and innovative seismic imaging techniques will 
continue to enhance the model’s effectiveness, while scaling its application across diverse offshore environments will 
require collaboration between industry stakeholders to standardize the model and promote widespread use. This 
section explores the future trajectories of the conceptual model, examining how further technological advancements 
and industry adoption can expand its scope and impact. 

One of the most significant future directions for the conceptual model is the deeper integration of artificial intelligence 
(AI) into seismic acquisition and processing. AI has the potential to revolutionize real-time decision-making by enabling 
adaptive survey design and optimizing data acquisition parameters based on real-time analysis. For instance, AI-
powered predictive algorithms can analyze incoming data and automatically adjust the survey design to ensure the 
most relevant data is collected with the least amount of redundancy (Barns, 2018, Zutshi, Grilo & Nodehi, 2021). This 
dynamic process can help reduce the time and costs associated with offshore seismic surveys while improving the 
overall data quality. AI can also facilitate the development of autonomous systems that operate with minimal human 
intervention, enhancing operational efficiency and safety in complex offshore environments. As AI technologies 
continue to evolve, their role in seismic acquisition will expand, allowing for faster, more accurate, and cost-effective 
operations. 

In addition to AI, the development of advanced seismic imaging techniques is another critical area for future 
advancements in the conceptual model. Traditional seismic imaging methods, while effective, often struggle to capture 
high-resolution data in complex offshore environments due to geological challenges, such as fault zones or varying 
seabed conditions. The next generation of seismic imaging technologies, including 3D and 4D imaging, will offer 
enhanced subsurface resolution and a more comprehensive understanding of geological formations (Volberda, et al., 
2021, Yi,  et al., 2017). Innovations such as full waveform inversion (FWI), which models wave propagation in greater 
detail, and enhanced seismic attribute analysis techniques can lead to more accurate and reliable imaging of complex 
reservoirs. These advances will provide greater insight into subsurface structures, enabling better decision-making for 
resource exploration, ultimately improving the return on investment for offshore exploration projects. 

The integration of AI and advanced seismic imaging into the conceptual model will also promote scalability, making the 
model applicable to a broader range of offshore environments. Initially, the model may be tested in specific, complex 
offshore environments, such as deepwater basins with intricate geological formations (Akinade, et al., 2021). However, 
as these technologies mature and prove their effectiveness, they can be adapted for use in more varied offshore 
environments, from shallow coastal zones to ultra-deepwater regions. This scalability is particularly important as the 
offshore oil and gas industry continues to explore increasingly challenging and remote environments (Yu, et al., 2017, 
Zachariadis, Hileman & Scott, 2019). Offshore operations will require seismic acquisition systems capable of operating 
in a diverse array of environmental conditions, and the conceptual model’s flexible design will allow it to meet these 
needs. Its hybrid systems, combining ocean-bottom nodes with towed streamers, can be easily adapted to different 
depths, distances, and geological structures, making it a versatile solution for the entire offshore exploration industry. 

As the conceptual model advances, industry collaboration will play a key role in accelerating its adoption across 
different offshore environments. The challenges involved in integrating new technologies, such as AI, machine learning, 
and advanced seismic imaging systems, require cooperation between industry players, including exploration 
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companies, technology developers, and academic researchers (Al-Ali, et al., 2016, Jones, et al., 2020). By working 
together, these stakeholders can address technical hurdles, share best practices, and refine the model’s capabilities to 
ensure that it is both scalable and practical for widespread use. Collaboration will also be essential in creating industry 
standards for seismic acquisition systems that incorporate data optimization and technological innovation. 
Standardization of the model will help reduce the complexity and cost of implementation, facilitating its adoption on a 
global scale (Ike, et al., 2021). 

Moreover, standardization will be key in overcoming some of the barriers to entry faced by smaller companies and 
emerging markets that may lack the resources or technical expertise to implement cutting-edge seismic acquisition 
technologies. By developing a set of widely accepted best practices and performance benchmarks, the industry can 
ensure that new technologies are compatible with existing seismic acquisition systems, promoting seamless integration 
and reducing the risk of operational disruptions (Bitter, 2017, Rico, et al., 2018, Zou, et al., 2020). Standardization will 
also foster collaboration between different sectors of the offshore exploration industry, allowing for a more efficient 
exchange of knowledge and resources. This collaborative approach will help the industry overcome some of the 
challenges associated with new technology adoption, such as the high initial capital investment required for advanced 
seismic equipment and the need for specialized personnel to operate these systems. 

Another important future direction of the conceptual model is the continued emphasis on sustainability and minimizing 
environmental impact. As environmental regulations continue to tighten and public scrutiny of the offshore oil and gas 
industry increases, the demand for environmentally friendly seismic acquisition methods will only grow. The 
conceptual model’s integration of renewable energy solutions, such as solar and wind-powered autonomous nodes, 
already represents a significant step in this direction (Davis, 2014, Tang, Yilmaz & Cooke, 2018). However, there is 
potential for even greater advances in sustainability. For example, the use of green technologies like energy-efficient 
seismic vessels, waste reduction practices, and the minimization of noise pollution through adaptive acquisition 
strategies can further reduce the environmental footprint of offshore seismic operations (Oladosu, et al., 2021). The 
continued push for sustainable offshore exploration methods will not only help companies comply with increasingly 
stringent environmental regulations but will also improve public perception of the industry’s environmental 
stewardship. 

Furthermore, the ongoing development of real-time data processing and analytics will continue to enhance the 
efficiency of seismic surveys. With the advent of high-speed data transmission and cloud computing, real-time analysis 
of seismic data will become more accessible and cost-effective. This ability to process large amounts of data in real time 
will allow for quicker decision-making, improving the speed of operations and reducing the need for costly re-surveys 
(Chen, et al., 2020). Machine learning models can be deployed to continuously refine survey parameters, ensuring that 
data is captured with minimal redundancy, further optimizing time and costs. As data processing technologies improve, 
the capacity for real-time monitoring and adjustment of seismic acquisition strategies will become more refined, 
ultimately enabling more cost-effective, efficient, and environmentally responsible operations (Akinade, et al., 2022). 

In conclusion, the future of the conceptual model for cost-effective seismic acquisition in complex offshore 
environments lies in the continued integration of cutting-edge technologies, industry collaboration, and sustainable 
practices. Advancements in AI, machine learning, and seismic imaging techniques will allow for more accurate, efficient, 
and scalable seismic operations (Vlietland, Van Solingen & Van Vliet, 2016, Zhang, et al., 2017). The model’s broad 
applicability across different offshore environments, coupled with industry standardization and collaboration, will 
drive its widespread adoption. The future also holds significant promise in terms of environmental sustainability, as 
new eco-friendly innovations continue to minimize the impact of seismic surveys on marine ecosystems. Ultimately, 
these developments will not only improve the operational efficiency of offshore exploration but will also set a new 
standard for sustainable practices in the industry, paving the way for a more cost-effective and environmentally 
responsible approach to seismic acquisition (Ansell & Gash, 2018, Turban, Pollard & Wood, 2018). 

6. Conclusion 

The conceptual model for cost-effective seismic acquisition in complex offshore environments through data 
optimization and technological innovation represents a significant step forward in improving the efficiency and 
sustainability of seismic operations. The model integrates cutting-edge technologies, such as machine learning, hybrid 
acquisition systems, and real-time data analytics, to optimize data collection, enhance subsurface imaging, and reduce 
operational costs. By leveraging these technological advancements, the model aims to streamline seismic surveys, 
minimize redundant data collection, and provide high-resolution imaging of complex offshore reservoirs, ultimately 
improving decision-making and resource recovery. 
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One of the key takeaways from this conceptual model is the emphasis on data optimization and technological innovation 
as driving forces for enhancing offshore seismic operations. The integration of predictive models and adaptive survey 
designs powered by machine learning will allow for more precise and efficient data collection, leading to cost reductions 
and improved data quality. The combination of ocean-bottom nodes (OBN) and towed streamers in a hybrid acquisition 
system offers a versatile and scalable solution for different offshore environments, enabling optimal coverage with 
minimal operational disruption. Furthermore, the incorporation of real-time data analytics and automated quality 
control systems ensures that data errors are detected and corrected during acquisition, reducing the need for costly re-
surveys and enhancing the overall efficiency of seismic operations. 

The impact of this conceptual model on offshore seismic acquisition is poised to be profound, with long-term 
implications for both cost reduction and sustainability. By optimizing survey design and integrating eco-friendly 
technologies, the model not only addresses the growing demand for cost-effective seismic surveys but also responds to 
the increasing pressure for environmentally responsible offshore operations. The use of autonomous systems powered 
by renewable energy sources, along with advancements in sustainable seismic technologies, reduces the environmental 
footprint of offshore operations and helps companies meet stricter environmental regulations. Additionally, the 
potential for widespread adoption of this model across different offshore environments ensures that seismic acquisition 
practices will become more adaptable, efficient, and environmentally conscious on a global scale. 

In conclusion, the conceptual model for cost-effective seismic acquisition represents a comprehensive approach to 
addressing the challenges faced by the offshore exploration industry. Through the optimization of data collection and 
the integration of innovative technologies, the model offers a promising path forward for reducing costs, enhancing data 
quality, and promoting sustainability. As the industry continues to evolve, the adoption of such models will be critical 
in shaping the future of offshore seismic operations, driving both economic and environmental improvements across 
the sector. 

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest to be disclosed.  

References 

[1] Abdul Rahim, A. A., Zainal, N. F., Li, C., Mosher, C. C., & Janiszewski, F. D. (2020, October). Application of 
Compressive Seismic Imaging Technology for Multi Component Ocean Bottom Nodes Seismic Survey Acquisition 
in K Field, Sabah Offshore and Reconstruction of Multi Component Data. In Offshore Technology Conference 
Asia (p. D041S039R001). OTC. 

[2] Akinade, A. O., Adepoju, P. A., Ige, A. B., Afolabi, A. I., & Amoo, O. O. (2021). A conceptual model for network security 
automation: Leveraging ai-driven frameworks to enhance multi-vendor infrastructure resilience. 

[3] Al-Ali, R., Kathiresan, N., El Anbari, M., Schendel, E. R., & Zaid, T. A. (2016). Workflow optimization of performance 
and quality of service for bioinformatics application in high performance computing. Journal of Computational 
Science, 15, 3-10. 

[4] Ampilov, Y. P., Vladov, M. L., & Tokarev, M. Y. (2019). Broadband marine seismic acquisition technologies: 
Challenges and opportunities. Seismic Instruments, 55, 388-403. 

[5] Ampomah, W., Balch, R. S., Cather, M., Will, R., Gunda, D., Dai, Z., & Soltanian, M. R. (2017). Optimum design of CO2 
storage and oil recovery under geological uncertainty. Applied energy, 195, 80-92. 

[6] Andrews, P., Playfoot, J., & Augustus, S. (2015). Education and Training for the Oil and Gas Industry: The Evolution 
of Four Energy Nations: Mexico, Nigeria, Brazil, and Iraq. Elsevier. 

[7] Audu, A., Jimoh, A., Abdulkareem, S. A., & Lawrence, O. (2016). Economics and environmental impacts of oil 
exploration and exploitation in Nigeria. Energy Sources, Part B: Economics, Planning, and Policy, 11(3), 251-257. 

[8] Bera, A., & Shah, S. (2021). A review on modern imaging techniques for characterization of nanoporous 
unconventional reservoirs: Challenges and prospects. Marine and Petroleum Geology, 133, 105287. 

[9] Birin, I., & Maglić, L. (2020). Analysis of seismic methods used for subsea hydrocarbon exploration. Pomorski 
zbornik, 58(1), 77-89. 



Magna Scientia Advanced Research and Reviews, 2021, 02(02), 100-117 

113 

[10] Bitter, J. (2017). Improving multidisciplinary teamwork in preoperative scheduling (Doctoral dissertation, 
[Sl]:[Sn]). 

[11] Bohi, D. R. (2014). Technological improvement in petroleum exploration and development. In Productivity in 
natural resource industries (pp. 73-108). Routledge. 

[12] Bröker, K. C. (2019). An overview of potential impacts of hydrocarbon exploration and production on marine 
mammals and associated monitoring and mitigation measures. Aquatic Mammals, 45(6). 

[13] Büyüközkan, G., & Göçer, F. (2018). Digital Supply Chain: Literature review and a proposed framework for future 
research. Computers in industry, 97, 157-177. 

[14] Chen, Q., Hall, D. M., Adey, B. T., & Haas, C. T. (2020). Identifying enablers for coordination across construction 
supply chain processes: a systematic literature review. Engineering, construction and architectural 
management, 28(4), 1083-1113. 

[15] Chi, H. L., Wang, X., & Jiao, Y. (2015). BIM-enabled structural design: impacts and future developments in 
structural modelling, analysis and optimisation processes. Archives of computational methods in engineering, 22, 
135-151. 

[16] Davis, J. E. (2014). Temporal meta-model framework for Enterprise Information Systems (EIS) 
development (Doctoral dissertation, Curtin University). 

[17] Dekker, M., & Thakkar, A. (2018, April). Digitalisation–the next frontier for the offshore industry. In Offshore 
technology conference (p. D011S002R001). OTC. 

[18] Desai, J. N., Pandian, S., & Vij, R. K. (2021). Big data analytics in upstream oil and gas industries for sustainable 
exploration and development: A review. Environmental Technology & Innovation, 21, 101186. 

[19] Dhar, A., Naeth, M. A., Jennings, P. D., & Gamal El-Din, M. (2020). Geothermal energy resources: potential 
environmental impact and land reclamation. Environmental Reviews, 28(4), 415-427. 

[20] Dindoruk, B., Ratnakar, R. R., & He, J. (2020). Review of recent advances in petroleum fluid properties and their 
representation. Journal of Natural Gas Science and Engineering, 83, 103541. 

[21] Djuraev, U., Jufar, S. R., & Vasant, P. (2017). A review on conceptual and practical oil and gas reservoir monitoring 
methods. Journal of Petroleum Science and Engineering, 152, 586-601. 

[22] Dubos-Sallée, N., Fourno, A., Zarate-Rada, J., Gervais, V., Rasolofosaon, P. N., & Lerat, O. (2020). A complete 
workflow applied on an oil reservoir analogue to evaluate the ability of 4D seismics to anticipate the success of a 
chemical enhanced oil recovery process. Oil & Gas Science and Technology–Revue d’IFP Energies nouvelles, 75, 18. 

[23] Echarte, M. E. P., Rodríguez, R. M., & López, O. D. (2019). Non-seismic and non-conventional exploration methods 
for oil and gas in Cuba. Springer International Publishing. 

[24] Elijah, O., Ling, P. A., Rahim, S. K. A., Geok, T. K., Arsad, A., Kadir, E. A., ... & Abdulfatah, M. Y. (2021). A survey on 
industry 4.0 for the oil and gas industry: upstream sector. IEEE Access, 9, 144438-144468. 

[25] Emami Niri, M. (2018). 3D and 4D Seismic Data Integration in Static and Dynamic Reservoir Modeling: A 
Review. Journal of Petroleum Science and Technology, 8(2), 38-56. 

[26] Epelle, E. I., & Gerogiorgis, D. I. (2019). Optimal rate allocation for production and injection wells in an oil and gas 
field for enhanced profitability. AIChE Journal, 65(6), e16592. 

[27] Esmaili, S., & Mohaghegh, S. D. (2016). Full field reservoir modeling of shale assets using advanced data-driven 
analytics. Geoscience Frontiers, 7(1), 11-20. 

[28] Esterhuyse, S., Avenant, M., Redelinghuys, N., Kijko, A., Glazewski, J., Pitt, L. A., ... & Ouzman, S. (2014). 
Development of an interactive vulnerability map and monitoring framework to assess the potential 
environmental impact of unconventional oil and gas extraction by means of hydraulic fracturing. 

[29] Favali, P., Beranzoli, L., De Santis, A., Delaney, J. R., & Kelley, D. S. (2015). Next-generation science in the ocean 
basins: Expanding the oceanographer’s toolbox utilizing submarine electro-optical sensor networks. SEAFLOOR 
OBSERVATORIES: A New Vision of the Earth from the Abyss, 465-502. 

[30] Feroz, A. (2021). Integration of microseismic and time-lapse seismic data with application to a heavy oil 
reservoir. 



Magna Scientia Advanced Research and Reviews, 2021, 02(02), 100-117 

114 

[31] Hamisu, A. H. (2019). A study of Nigeria’s blue economy Potential with particular reference to the oil and gas 
sector. 

[32] Han, C., Cader, A., & Brownless, M. (2021). Subsurface seismic interpretation technologies and workflows in the 
energy transition. First Break, 39(10), 85-93. 

[33] Harris, K. D. (2018). The Use of Distributed Acoustic Sensing for 4D Monitoring Using Vertical Seismic Profiles: 
Results from the Aquistore CO2 Storage Project (Doctoral dissertation, Carleton University). 

[34] Hassani, H., Silva, E. S., & Al Kaabi, A. M. (2017). The role of innovation and technology in sustaining the petroleum 
and petrochemical industry. Technological Forecasting and Social Change, 119, 1-17. 

[35] Hendry, J., Burgess, P., Hunt, D., Janson, X., & Zampetti, V. (2021). Seismic characterization of carbonate platforms 
and reservoirs: an introduction and review. 

[36] Holdaway, K. R., & Irving, D. H. (2017). Enhance Oil and Gas Exploration with Data-Driven Geophysical and 
Petrophysical Models. John Wiley & Sons. 

[37] Ike, C. C., Ige, A. B., Oladosu, S. A., Adepoju, P. A., Amoo, O. O., & Afolabi, A. I. (2021). Redefining zero trust 
architecture in cloud networks: A conceptual shift towards granular, dynamic access control and policy 
enforcement. 

[38] Ikoro, S. G. (2020). Case Study: Exploring Economic Development and Empowerment Challenges of a Multinational’s 
Corporate Social Responsibility in Egi Communities in Ogbaland, Nigeria (Doctoral dissertation, Northcentral 
University). 

[39] Jack, I. (2017). 4D seismic—Past, present, and future. The Leading Edge, 36(5), 386-392. 

[40] Jenkins, C., Chadwick, A., & Hovorka, S. D. (2015). The state of the art in monitoring and verification—ten years 
on. International Journal of Greenhouse Gas Control, 40, 312-349. 

[41] Jones, C. L., Golanz, B., Draper, G. T., & Janusz, P. (2020). Practical Software and Systems Measurement Continuous 
Iterative Development Measurement Framework. Version, 1, 15. 

[42] Ketineni, S. P., Kalla, S., Oppert, S., & Billiter, T. (2020). Quantitative integration of 4D seismic with reservoir 
simulation. Spe Journal, 25(04), 2055-2066. 

[43] Khan, A., Gupta, S., & Gupta, S. K. (2020). Multi-hazard disaster studies: Monitoring, detection, recovery, and 
management, based on emerging technologies and optimal techniques. International journal of disaster risk 
reduction, 47, 101642. 

[44] Laws, R. M., Halliday, D., Hopperstad, J. F., Gerez, D., Supawala, M., Özbek, A., ... & Kragh, E. (2019). Marine 
vibrators: the new phase of seismic exploration. Geophysical Prospecting, 67(6-Geophysical Instrumentation and 
Acquisition), 1443-1471. 

[45] Levin, L. A., Bett, B. J., Gates, A. R., Heimbach, P., Howe, B. M., Janssen, F., ... & Weller, R. A. (2019). Global observing 
needs in the deep ocean. Frontiers in Marine Science, 6, 241. 

[46] Levin, Lisa A., Brian J. Bett, Andrew R. Gates, Patrick Heimbach, Bruce M. Howe, Felix Janssen, Andrea McCurdy 
et al. "Global observing needs in the deep ocean." Frontiers in Marine Science 6 (2019): 241. 

[47] Liner, C. L., & McGilvery, T. A. (2019). The art and science of seismic interpretation. Springer International 
Publishing. 

[48] Liu, Y. (2015). Cost-efficiency analyses of offshore 3D seismic survey (Master's thesis, University of Stavanger, 
Norway). 

[49] Lu, H., Guo, L., Azimi, M., & Huang, K. (2019). Oil and Gas 4.0 era: A systematic review and outlook. Computers in 
Industry, 111, 68-90. 

[50] Lu, T., Liu, Y., Wu, L., & Wang, X. (2015). Challenges to and countermeasures for the production stabilization of 
tight sandstone gas reservoirs of the Sulige Gasfield, Ordos Basin. Natural Gas Industry B, 2(4), 323-333. 

[51] Maleki, M., Davolio, A., & Schiozer, D. J. (2019). Quantitative integration of 3D and 4D seismic impedance into 
reservoir simulation model updating in the Norne Field. Geophysical Prospecting, 67(1), 167-187. 

[52] Mateeva, A., Hornman, K., Grandi, S., Potters, H., Lopez, J., & Follett, J. L. (2016, March). Monitoring IOR/EOR 
Onshore with Frequent Time-Lapse Seismic-Status and Survey Adaptations for the Middle East. In SPE EOR 
Conference at Oil and Gas West Asia (p. D021S012R001). SPE. 



Magna Scientia Advanced Research and Reviews, 2021, 02(02), 100-117 

115 

[53] Max, M. D., Johnson, A. H., Max, M. D., & Johnson, A. H. (2019). Leveraging Technology for NGH Development and 
Production. Exploration and Production of Oceanic Natural Gas Hydrate: Critical Factors for Commercialization, 
227-279. 

[54] Mondol, N. H. (2015). Seismic exploration. Petroleum Geoscience: From Sedimentary Environments to Rock Physics, 
427-454. 

[55] Nanda, N. C. (2021). Seismic data interpretation and evaluation for hydrocarbon exploration and production. 
Springer Nature Switzerland AG: Springer International Publishing. 

[56] Nguyen, T., Gosine, R. G., & Warrian, P. (2020). A systematic review of big data analytics for oil and gas industry 
4.0. IEEE access, 8, 61183-61201. 

[57] Nobre, G. C., & Tavares, E. (2017). Scientific literature analysis on big data and internet of things applications on 
circular economy: a bibliometric study. Scientometrics, 111, 463-492. 

[58] Oguntoye, M., & Oguntoye, A. (2021). An appraisal of the impact of the oil sector on the Nigerian economy. LLM 
Thesis Faculty of Law University of Lagos. 

[59] Oladosu, S. A., Ike, C. C., Adepoju, P. A., Afolabi, A. I., Ige, A. B., & Amoo, O. O. (2021). Advancing cloud networking 
security models: Conceptualizing a unified framework for hybrid cloud and on-premise integrations. 

[60] Oladosu, S. A., Ike, C. C., Adepoju, P. A., Afolabi, A. I., Ige, A. B., & Amoo, O. O. (2021). The future of SD-WAN: A 
conceptual evolution from traditional WAN to autonomous, self-healing network systems. 

[61] Pan, S. Y., Gao, M., Shah, K. J., Zheng, J., Pei, S. L., & Chiang, P. C. (2019). Establishment of enhanced geothermal 
energy utilization plans: Barriers and strategies. Renewable energy, 132, 19-32. 

[62] Poppitt, S., Duncan, L. J., Preu, B., Fazzari, F., & Archer, J. (2018). The influence of volcanic rocks on the 
characterization of Rosebank Field–new insights from ocean-bottom seismic data and geological analogues 
integrated through interpretation and modelling. 

[63] Reid, D., Wilson, T., & Dekker, M. (2014, May). Key aspects of deepwater appraisal. In Offshore Technology 
Conference (p. D011S005R001). OTC. 

[64] Ren, J., Guo, Y., Zhang, D., Liu, Q., & Zhang, Y. (2018). Distributed and efficient object detection in edge computing: 
Challenges and solutions. IEEE Network, 32(6), 137-143. 

[65] Rico, R., Hinsz, V. B., Davison, R. B., & Salas, E. (2018). Structural influences upon coordination and performance 
in multiteam systems. Human Resource Management Review, 28(4), 332-346. 

[66] Roden, S., Nucciarelli, A., Li, F., & Graham, G. (2017). Big data and the transformation of operations models: a 
framework and a new research agenda. Production Planning & Control, 28(11-12), 929-944. 

[67] Rogers, K. (2020). Creating a Culture of Data-Driven Decision-Making. Liberty University. 

[68] Roth, S., Valentinov, V., Kaivo-Oja, J., & Dana, L. P. (2018). Multifunctional organisation models: a systems–
theoretical framework for new venture discovery and creation. Journal of Organizational Change 
Management, 31(7), 1383-1400. 

[69] Salako, O. (2015). The assessment of time lapse marine controlled-source electromagnetics (CSEM) for dynamic 
reservoir characterisation (Doctoral dissertation, Heriot-Watt University). 

[70] Salehi, H., & Burgueño, R. (2018). Emerging artificial intelligence methods in structural engineering. Engineering 
structures, 171, 170-189. 

[71] Sambo, C., Iferobia, C. C., Babasafari, A. A., Rezaei, S., & Akanni, O. A. (2020). The role of time lapse (4D) seismic 
technology as reservoir monitoring and surveillance tool: A comprehensive review. Journal of Natural Gas Science 
and Engineering, 80, 103312. 

[72] Santoni, G. (2019). Standardized cross-functional communication as a robust design tool-Mitigating variation, 
saving costs and reducing the New Product Development Process’ lead time by optimizing the information 
flow (Doctoral dissertation, Politecnico di Torino). 

[73] Scheidt, C., Li, L., & Caers, J. (Eds.). (2018). Quantifying uncertainty in subsurface systems (Vol. 236). John Wiley & 
Sons. 

[74] Sebastian, I. M., Ross, J. W., Beath, C., Mocker, M., Moloney, K. G., & Fonstad, N. O. (2020). How big old companies 
navigate digital transformation. In Strategic information management (pp. 133-150). Routledge. 



Magna Scientia Advanced Research and Reviews, 2021, 02(02), 100-117 

116 

[75] Seyyedattar, M., Zendehboudi, S., & Butt, S. (2020). Technical and non-technical challenges of development of 
offshore petroleum reservoirs: Characterization and production. Natural Resources Research, 29(3), 2147-2189. 

[76] Shaw, T., McGregor, D., Brunner, M., Keep, M., Janssen, A., & Barnet, S. (2017). What is eHealth (6)? Development 
of a conceptual model for eHealth: qualitative study with key informants. Journal of medical Internet 
research, 19(10), e324. 

[77] Shukla, A., & Karki, H. (2016). Application of robotics in offshore oil and gas industry—A review Part II. Robotics 
and Autonomous Systems, 75, 508-524. 

[78] Singh, A., & Chatterjee, K. (2017). Cloud security issues and challenges: A survey. Journal of Network and Computer 
Applications, 79, 88-115. 

[79] Singh, S. P., Nayyar, A., Kumar, R., & Sharma, A. (2019). Fog computing: from architecture to edge computing and 
big data processing. The Journal of Supercomputing, 75, 2070-2105. 

[80] Sircar, A., Yadav, K., Rayavarapu, K., Bist, N., & Oza, H. (2021). Application of machine learning and artificial 
intelligence in oil and gas industry. Petroleum Research, 6(4), 379-391. 

[81] Skelton, M., & Pais, M. (2019). Team topologies: organizing business and technology teams for fast flow. It 
Revolution. 

[82] Stone, M., Aravopoulou, E., Gerardi, G., Todeva, E., Weinzierl, L., Laughlin, P., & Stott, R. (2017). How platforms are 
transforming customer information management. The Bottom Line, 30(3), 216-235. 

[83] Sun, Y., Liu, J., Xue, Z., Li, Q., Fan, C., & Zhang, X. (2021). A critical review of distributed fiber optic sensing for real-
time monitoring geologic CO2 sequestration. Journal of Natural Gas Science and Engineering, 88, 103751. 

[84] Sun, Y., Zhang, J., Xiong, Y., & Zhu, G. (2014). Data security and privacy in cloud computing. International Journal 
of Distributed Sensor Networks, 10(7), 190903. 

[85] Suthersan, S. S., Horst, J., Schnobrich, M., Welty, N., & McDonough, J. (2016). Remediation engineering: design 
concepts. CRC press. 

[86] Tang, P., Yilmaz, A., & Cooke, N. (2018). Automatic Imagery Data Analysis for Proactive Computer-Based Workflow 
Management during Nuclear Power Plant Outages (No. 15-8121). Arizona State Univ., Tempe, AZ (United States). 

[87] Tariq, N., Asim, M., Al-Obeidat, F., Zubair Farooqi, M., Baker, T., Hammoudeh, M., & Ghafir, I. (2019). The security 
of big data in fog-enabled IoT applications including blockchain: A survey. Sensors, 19(8), 1788. 

[88] Thibaud, M., Chi, H., Zhou, W., & Piramuthu, S. (2018). Internet of Things (IoT) in high-risk Environment, Health 
and Safety (EHS) industries: A comprehensive review. Decision Support Systems, 108, 79-95. 

[89] Thomas, P., Harrowfield, G., Fitzpatrick, J., & Berglin, B. (2020, November). A campaign of 4D seismic monitor 
surveys on Australia's northwest shelf. In SPE Asia Pacific Oil and Gas Conference and Exhibition (p. 
D013S001R001). SPE. 

[90] Trevathan, M. M. T. (2020). The evolution, not revolution, of digital integration in oil and gas (Doctoral dissertation, 
Massachusetts Institute of Technology). 

[91] Tuli, F. A., Varghese, A., & Ande, J. R. P. K. (2018). Data-Driven Decision Making: A Framework for Integrating 
Workforce Analytics and Predictive HR Metrics in Digitalized Environments. Global Disclosure of Economics and 
Business, 7(2), 109-122. 

[92] Vlietland, J., Van Solingen, R., & Van Vliet, H. (2016). Aligning codependent Scrum teams to enable fast business 
value delivery: A governance framework and set of intervention actions. Journal of Systems and Software, 113, 
418-429. 

[93] Wang, L., Tian, Y., Yu, X., Wang, C., Yao, B., Wang, S., ... & Wu, Y. S. (2017). Advances in improved/enhanced oil 
recovery technologies for tight and shale reservoirs. Fuel, 210, 425-445. 

[94] Waziri, B. Z. (2016). An empirical investigation of the impact of global energy transition on Nigerian oil and gas 
exports (Doctoral dissertation, Abertay University). 

[95] Williams, T., Haut, R., Cohen, J., & Pettigrew, J. (2019, April). 21st century ocean energy safety research roadmap. 
In Offshore Technology Conference (p. D022S057R010). OTC. 

[96] Wilson, H., Nunn, K., & Luheshi, M. (Eds.). (2021). Integration of Geophysical Technologies in the Petroleum 
Industry. Cambridge University Press. 



Magna Scientia Advanced Research and Reviews, 2021, 02(02), 100-117 

117 

[97] Xie, Y., Ebad Sichani, M., Padgett, J. E., & DesRoches, R. (2020). The promise of implementing machine learning in 
earthquake engineering: A state-of-the-art review. Earthquake Spectra, 36(4), 1769-1801. 

[98] Xinmin, S. O. N. G., Debin, Q. U., & Cunyou, Z. O. U. (2021). Low cost development strategy for oilfields in China 
under low oil prices. Petroleum Exploration and Development, 48(4), 1007-1018. 

[99] Xu, C., Zou, W., Yang, Y., Duan, Y., Shen, Y., Luo, B., ... & Zhang, J. (2018). Status and prospects of deep oil and gas 
resources exploration and development onshore China. Journal of Natural Gas Geoscience, 3(1), 11-24. 

[100] Yang, S., Nie, Z., Wu, S., Li, Z., Wang, B., Wu, W., & Chen, Z. (2021). A critical review of reservoir simulation 
applications in key thermal recovery processes: Lessons, opportunities, and challenges. Energy & Fuels, 35(9), 
7387-7405. 

[101] Yuan, B., & Wood, D. A. (2018). A comprehensive review of formation damage during enhanced oil 
recovery. Journal of Petroleum Science and Engineering, 167, 287-299. 

[102] Zhang, C., Tang, P., Cooke, N., Buchanan, V., Yilmaz, A., Germain, S. W. S., ... & Gupta, A. (2017). Human-centered 
automation for resilient nuclear power plant outage control. Automation in Construction, 82, 179-192. 

[103] Zhang, S., Zhongfu, L. I., Tianxin, L. I., & Mengqi, Y. U. A. N. (2021). A holistic literature review of building 
information modeling for prefabricated construction. Journal of Civil Engineering and Management, 27(7), 485-
499. 

[104] Zou, C., Guo, J., Jia, A., Wei, Y., Yan, H., Jia, C., & Tang, H. (2020). Connotations of scientific development of giant gas 
fields in China. Natural Gas Industry B, 7(5), 533-546. 

[105] Zou, M., Vogel-Heuser, B., Sollfrank, M., & Fischer, J. (2020, December). A cross-disciplinary model-based systems 
engineering workflow of automated production systems leveraging socio-technical aspects. In 2020 IEEE 
International Conference on Industrial Engineering and Engineering Management (IEEM) (pp. 133-140). IEEE. 


