
Research on the application of artificial intelligence in oil and 

gas exploration and development fields 

Xiaolong Zhao1,* 

1Southwest Petroleum University, School of Petroleum and Gas Engineering, 

ChengDu City, 610000, China 

 

*zxl1602676563@gmail.com. 

Abstract. The development of artificial intelligence has brought profound impact and changes 

to the world and has been widely used in the fields of defect detection, pedestrian 

re-identification, and rapid development within cross-disciplinary fields. This paper reviews 

the beginnings of AI, introduces the main AI technologies and their connotations applied in the 

exploration and development field, describes the significant progress and recent advances of AI 

in five important subfields of the exploration and development: lithology identification, 

logging curve reconstruction, seismic data processing and interpretation, production prediction, 

and EOR screening, and finally presents the inevitability that AI will continue to develop and 

be tied to the oil and gas sector, summarizes the important subfields where good progress has 

been made at present, outlooks the possible future research domains in the the exploration and 

development field, and discusses the factors that may prevent AI from being more effectively 

and widely used that lie behind this flourishing scene. 
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1.  Introduction 

In 1950, Alan Turing proposed the Turing test. In 1956, at the Dartmouth Conference, artificial 

intelligence was officially defined as the name of this research area. However, there is no unified 

definition of artificial intelligence, and the basic consensus is: 'Make computers have human 

intelligence'[1]. In recent years, as deep learning, represented by neural networks, began to emerge, 

driving artificial intelligence has been developing, and Google robot alphaGo defeated Go ninth dan 

Lee Sedol and Ke Jie in 2016 and 2017 respectively, pushing artificial intelligence to the limelight. 

Nowadays, with the rapid progress of AI, it is widely used in many fields such as medical, home, 

commercial retail, transportation, and finance, and it is gradually playing a more important role, 

bringing countless opportunities and challenges to various industries. 

2.  Concepts and connotations of key AI technologies applied in the field of reservoir engineering  

2.1.  Artificial intelligence 

There is no unified definition of artificial intelligence at present. In general, it is an emerging field that 

integrates the knowledge of information theory, psychology and physiology to research and develop 
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theories, methods and application systems of human-like intelligence. At present, it has been applied 

in the field of oil and gas all over the world, data-driven intelligent oil and gas field development that 

moves toward the integration of geological engineering and productions, and intelligent oil and gas 

exploration that can accurately find oil and reduce exploration cost[2]. 

2.2.  Machine learning 

Machine learning is a field involving that studies how computers can simulate or implement human 

learning behaviors to acquire new knowledge or skills and reorganize existing knowledge structures to 

continuously improve their performance. It is widely used in the field of oil and gas in various fields, 

such as exploration and reservoirs. 

2.3.  Deep learning 

Deep learning is a general term for a class of pattern analysis methods that can learn and process 

various types of text, images and other multimodal information with learning and analysis capabilities, 

allowing machines to have the ability to recognize text, images, etc. with human capabilities, and is 

widely used in various subfields such as rockiness recognition and yield prediction. 

2.4.  Neural networks 

Neural network is an algorithmic mathematical model that mimics the behavioral characteristics of 

animal neural networks for distributed parallel information processing. This network relies on the 

complexity of the system to process information by adjusting the interconnected relationships between 

lots of inside neurons and is widely used in various subfields such as seismic data processing and 

interpretation and EOR screening. 

3.  The current state of application of AI in the exploration and development field  

Recently,artificial intelligence technology has developed rapidly and has made dazzling achievements 

in many fields [3,4]. Inevitably, AI has also attracted great interest from domestic and foreign scholars 

in the petroleum field and has been continuously attempted by scholars to be integrated with the 

exploration and development of petroleum. Globally, the application of AI in various aspects of the oil 

and gas field is still in its early stages, but in some subfields, AI has already achieved good results or 

made some progress, gradually bringing positive help to energy companies and countries and 

demonstrating great potential for application. 

3.1.  Lithology identification 

Machine learning, deep learning, etc. have been widely used in image recognition and model building 

in the field of lithology recognition at present. Although there are core image analysis software based 

on image processing algorithms (e.g. Avizo, etc.) that can automatically identify lithology, the actual 

operation relies heavily on human-computer interaction and expert experience, which is inefficient; 

and rock thin section identification is still mainly manual identification, which has a series of problems 

such as low efficiency, subjective influence, and long experimental period. Although some scholars 

have already applied deep learning to core image processing [5-7], further research is needed in this 

field to improve the intelligence level. Ren Yili innovatively constructed an intelligent lithology 

identification scheme based on migration learning technology, integrated core images and logging 

curves, and achieved good results; the prediction accuracy based on core images reached more than 89% 

[8]. 

3.2.  Logging curve reconstruction 

For curve reconstruction, a variety of common approaches have been developed in the past, re-logging, 

using empirical statistical models, petrophysical theoretical models, etc. However, all of the above 

methods have obvious drawbacks, such as high cost, very dependent on expert experience or 

inefficient. With the continuous introduction of artificial intelligence, intelligent curve reconstruction 
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based on machine learning is gradually becoming a major reconstruction approach.Zhang Dongxiao et 

al. proposed a method to reconstruct well logging curves based on long short-term memory neural 

network (LSTM). After verification by real logging data, it is found that the accuracy is higher than 

that of traditional methods[9]. 

3.3.  Seismic data processing and interpretation 

This field is mainly based on deep learning techniques, various types of neural network applications, 

and good results have been achieved in some important subfields at present. For fault automatic 

recognition, several scholars have used different convolutional neural networks and deep learning 

techniques to obtain higher fault recognition accuracy or provide new ways for fault intelligent 

recognition in recent years [2,10,11]. This year, Feng Chao et al. proposed a fault high-resolution 

intelligent identification method, based on the application of deep learning, to establish a library of 

high-resolution and low-resolution fault labels to train a deep neural network and obtain a 

high-resolution detection model, and the effectiveness of this method in fine fault identification was 

verified by the model and actual data[12]. Seismic inversion, based on raw seismic data, solves the 

spatial structure and physical properties of subsurface rock formations through known geological laws, 

logs, and other information as constraints, and artificial intelligence has advanced considerably in this 

subfield in recent years. In wave impedance inversion, Wu, BY et al proposed a semi-supervised 

learning workflow based on generative adversarial networks (GAN) to improve the poor performance 

of traditional deep learning methods due to the lack of sufficient labeled data (well logs)[13]. The 

results show that the workflow is more advantageous than the traditional CNN approach in the 

Marmoussi2 model, and its predicted seismic wave impedance is more realistic. 

3.4.  Production forecast 

In terms of production forecasting, the use of deep learning techniques based on raw production data 

and the construction of mapping relationships between raw data and oil and gas production according 

to the needs of each oilfield are now widely used. Wang, Hongliang et al.,out of the need to describe 

the correlation of time series data,chose to construct oilfield production prediction models based on 

historical oilfield production data using long short-term memory neural networks (LSTM),taking into 

account the linkage between production indicators and their influencing factors and the trend and 

backward and forward correlation of production over time at the same time, and achieved good 

results[14]. Wang, SH et al. chose DNN algorithm to develop a data-driven model, which has 

advantages over conventional numerical simulation in many aspects[15]. Model construction is easier 

because it does not require the construction of a real reservoir model and is more computationally 

efficient for production prediction. More importantly, possesses greatly generalizable potential and can 

be applied to other shale fields by implementing DNN algorithms using datasets from other shale 

reservoirs. 

3.5.  EOR screening 

The growing global demand for petroleum resources has been accompanied by an increasing 

deterioration in the quality of crude oil worldwide and a decrease in natural production, which has 

placed more stringent demands on EOR technology innovation and more efficient and accurate EOR 

screening than in the past. This section only addresses about EOR screening. In recent years, a 

considerable number of scholars have applied ML to EOR screening with good results[16,17]. 

Cheraghi, Y et al. collected more than 1000 global EOR project experiences and used RF, DT, shallow 

and deep ANN algorithms, etc. to study the EOR screening problem from the ML perspective[18].The 

test results show that the performance of the DNN and RF models are the best, but the RF model is 

better in use and training.  

In addition to this, Cheraghi, Y presented a number of issues that deserve deeper consideration and 

remain to be solved in the field of EOR screening for current applications of ML, such as changing 

EOR screening in the form of multiple-choice questions into a classification problem of finding the 

Proceedings of the 2nd International Conference on Computing Innovation and Applied Physics
DOI: 10.54254/2753-8818/18/20230434

254



most suitable EOR method for candidate reservoirs , or the economic cost is not explicitly represented 

in the dataset, but it is also a factor that influences EOR screening, providing guidance for the future 

direction of the field [18]. 

4.  Conclusion 

Although the current application of artificial intelligence in the oil and gas field is in its initial stage, it 

has gradually produced a series of applications with good results in the upstream of oil and gas. As 

scholars and executives in the oil and gas field gradually realize the great potential of artificial 

intelligence, it will become an important force and the necessary way for oil companies to develop 

intelligently and respond to the needs of cost reduction, efficiency improvement, and enterprise 

transformation. 

Important subfields in the field of petroleum exploration and development that have achieved 

significant results and certain progress in combination with AI applications at present include 

lithology identification, logging curve reconstruction, seismic data processing and interpretation, 

production prediction, EOR Screening, etc. This thesis also has certain shortcomings and lacks some 

empirical analysis in some of its arguments. Artificial intelligence will also occupy a more important 

position in the field of petroleum exploration and development in the future. As AI continues to make 

progress in the various exploration and development subfields, a solid foundation is laid for AI to be 

put into practice. The future trend of AI applications is more likely to develop from points to surfaces, 

gradually spreading to larger subfields. Therefore, the future research fields of the exploration and 

development include intelligent logging, intelligent geophysical exploration, etc., and thus develop 

into larger fields such as intelligent geology and intelligent oilfield. 
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