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Abstract— Modern technologies have a significant impact on quality assurance in the construction of oil and gas facilities, especially in conditions
of complex operational requirements. The use of digital solutions such as artificial intelligence, the Internet of Things (IoT), process automation,
and non-destructive testing systems minimizes the risks associated with the human factor and increases the accuracy of construction tasks. The
introduction of such technologies not only improves quality control at all stages of construction but also contributes to increased productivity,
lower operating costs, and increased safety. Automated data monitoring and analysis systems ensure timely detection of defects and prolongation
of the service life of facilities. Thus, digitalization and automation are becoming key factors for improving quality and safety standards in the oil

and gas sector.
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l. INTRODUCTION

In the context of global changes and the growing demand for
energy resources, the oil and gas industry remains one of the
key components of the global economy. However, the
construction of facilities in this sector is associated with high
risks and operational requirements, necessitating particular
attention to the quality of all stages of project execution.
Modern technologies, including digitalization and automation,
play a crucial role in improving construction quality standards,
reducing human error, and optimizing all production processes.

The relevance of this research is driven by the increasing
need to implement innovative solutions that not only enhance
quality control but also reduce time and financial costs. The
application of technologies such as artificial intelligence (Al),
the Internet of Things (loT), and non-destructive testing
methods opens new opportunities for improving accuracy and
efficiency at each stage of construction. Given the complex
climatic and technical challenges faced by modern oil and gas
companies, the implementation of these technologies becomes
an integral part of their competitiveness and sustainability.

This work aims to examine the impact of modern
technologies on ensuring quality in the construction of oil and
gas industry facilities.

1. Application of Digital Technologies in Design and Quality
Monitoring

Digital transformation is gaining increasing importance in
the oil and gas sector; however, many organizations face
challenges in accelerating it due to a lack of clear understanding
of the initial steps. The implementation of digital technologies
in this industry requires multi-level changes, allowing
companies to respond quickly to changing market conditions
and maintain competitiveness.

According to a report by Accenture, about 70% of top
managers in the oil and gas industry believe that comprehensive
digital transformation is the main tool for maintaining their
market positions [1]. Digitalization in the oil and gas sector
encompasses the integration of innovative solutions at all stages
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of the production and distribution chain. The primary goals of
digital transformation are cost reduction, increased production
capacity, improved overall efficiency, and ensuring long-term
company sustainability.

One of the innovative directions is the modernization of oil
and gas industry assets through the implementation of Internet
of Things (loT) solutions. This involves the installation of
sensors and connected devices on key infrastructure objects,
such as pipelines, wells, and drilling rigs. These smart devices
enable real-time data collection and analysis, significantly
improving the quality of production process management. For
example, the development of the digital twin concept, which is
an exact digital replica of a physical object, allows for reduced
maintenance costs and extended equipment lifespan.

The field of worker safety is also advancing through the use
of Al, machine vision, and wearable devices. These solutions
enable real-time monitoring of potential threats, such as gas
leaks or safety violations, and provide immediate responses to
emerging situations. These technologies help prevent accidents
and reduce occupational risks.

Al- and big data-based systems are also being applied in
supply chain management. The integration of intelligent
enterprise resource planning (ERP) applications with cloud
platforms and analytical tools significantly enhances the
efficiency of interactions with suppliers, automates logistics
and inventory control processes, and reduces the likelihood of
errors in stock management.

These technological solutions are already being actively
implemented by the world's largest oil and gas corporations,
such as British Petroleum (BP) and Shell. For example, BP uses
Microsoft Azure artificial intelligence to analyze vast amounts
of data and improve production processes, enabling the
company to achieve high levels of safety and efficiency at its
facilities. Shell, in turn, is developing Al-based virtual assistant
technologies, helping to preserve and systematize valuable
knowledge from specialists working in geology and exploration
[2].

Below, Table 1 describes the possibilities of applying digital
technologies in design and quality monitoring.
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TABLE 1. Application of digital technologies in design and quality
monitoring [2].

Technology Application in Design and Quality Monitoring
Building Used to create and manage digital models of objects.
Information Allows designers and builders to work with detailed

Modeling (BIM)

Drones and Aerial
Photography

3D models, improving accuracy and quality control.
Used for construction monitoring and inspections of
hard-to-reach areas. Drones can collect real-time site
data, enhancing quality control and defect detection.
Used for high-precision surveying of objects and
creating 3D models of existing structures, improving
design accuracy and structural condition assessment.
Embedding sensors into equipment and materials for
Internet of Things | real-time condition monitoring. This allows tracking
(loT) of key quality parameters and prevention of
potential failures.

Al analyzes site data and predicts potential issues in
design and quality, speeding up decision-making
and improving forecast accuracy.

Used for real-time visualization of the project on the
construction site. Enables designers and engineers to
compare the plan with the actual state of the object
for quality monitoring.

Used for centralized storage and shared access to
project documentation and quality reports. Provide
transparency and coordination among all project
participants.

Creation of a real-time digital replica of the object.
Used for monitoring the condition of objects and
identifying quality deviations at all stages of the life
cycle.

Laser Scanning

Artificial
Intelligence (Al)

Augmented
Reality (AR)

Cloud Platforms

Digital Twins

Thus, the application of digital technologies significantly
improves process management efficiency in the oil and gas
sector. The implementation of loT-based solutions, Building
Information Modeling (BIM), as well as the use of drones and
laser scanning, contributes to more accurate design and timely
detection of defects at all stages of construction. Artificial
intelligence and augmented reality technologies ensure problem
forecasting and data visualization, accelerating decision-
making and improving quality control. In turn, digital twins and
cloud platforms create a transparent environment for
coordinating project participants and monitoring the condition
of objects in real-time, ultimately reducing costs and increasing
infrastructure durability.

2. Process Automation Technologies and Their Role in
Ensuring Construction Quality

The oil and gas sector, like many other industries, is actively
adapting to changes brought about by digitalization. The
integration of modern technologies is driven by the need to
enhance operational efficiency, reduce costs, and improve
safety. Digital innovations impact all stages of the production
cycle, from exploration to extraction and processing:

* One of the most important drivers of digital transformation
is data analysis. Companies use advanced algorithms to process
large volumes of information collected from sensors installed at
various stages of the technological process. This provides
valuable insights into equipment performance and reservoir
characteristics.

* Another crucial element of digitalization is the
implementation of remote monitoring and control systems.
Advances in telecommunications technologies make it possible
to remotely monitor drilling operations, allowing operators to
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make timely decisions based on accurate data, thereby
improving safety.

» Additionally, artificial intelligence (Al) systems
significantly contribute to the automation of key industry
processes. Al-based software helps to accurately analyze
seismic data and identify promising drilling locations. Al can
also optimize drilling processes using accumulated data,
thereby enhancing productivity.

* Cloud technologies have become an integral part of the
sector's digital evolution. Storing large volumes of data in cloud
services allows companies to access them at any time while
reducing the costs of maintaining their infrastructure [3].

Process automation enables companies in the energy sector
not only to optimize costs but also to increase the speed of data
processing and decision-making. For example, DTE Energy, by
implementing  Robotic  Process  Automation  (RPA),
significantly reduced labor costs and improved the productivity
of automated processes. This practice has had a substantial
impact on saving both time and resources.

The implementation of RPA offers numerous advantages,
including reduced operational costs, increased productivity, and
minimized errors. However, certain challenges remain, such as
the use of outdated systems, security issues, and a lack of
qualified specialists. Nevertheless, these challenges can be
overcome with the right approach and by adapting technologies
to the existing infrastructure of enterprises.

Examples of RPA applications in the oil and gas industry
include the automation of pipeline monitoring, deal closure
processes, revenue calculations, and lease record management.
Additionally, the technology allows for more efficient logistics
and shipment management, improves customer satisfaction,
and automates field operations. A key aspect of RPA
implementation is compliance with regulatory requirements,
which is particularly important in the oil and gas sector,
governed by numerous standards and laws.

Thus, robotic process automation has become an essential
tool for transforming business processes in the oil and gas
industry, helping companies adapt to changing market
conditions and ensuring sustainable development in the long
term. The automation of various tasks has already led to
reduced operational costs, increased labor productivity, and
improved workplace safety. It has also enhanced project
management, helping companies stay within budget and meet
deadlines.

However, the introduction of new technologies comes with
challenges, such as the need to attract specialists with new
competencies in automation, artificial intelligence, and
software development. It also requires a shift in corporate
culture and the adaptation of processes to new realities.

The prospects for further automation development are tied
to the implementation of technologies like blockchain, which
can significantly improve data management at all stages of the
production cycle. This will not only optimize risk and contract
management processes but also reduce administrative
personnel costs, ensuring transparency and operational security.

The future of automation in the oil and gas industry is also
connected to the use of smarter sensors and field equipment,
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which will shift the role of workers toward solving tasks
through high-tech solutions and innovations [4].

The first key advantage of automation is the significant
reduction in data processing time and costs—by 50-60%. The
use of Artificial Intelligence (Al)-based automated systems,
including comprehensive Enterprise Resource Planning (ERP)
solutions and specialized accounting software, helps accelerate
data transfer, interpretation, and subsequent reporting for
analysts and stakeholders.

The second important aspect is the ability to reduce
engineers' working time by 70%. Virtual models of optimal
processes, such as Digital Twin Operations (DTO), allow for
the creation of simulations before actual construction begins,
minimizing errors and making the design, for example, of wells,
more rational and accurate, reducing the gap between design
solutions and real structures.

The third advantage of automation is the acceleration of
construction by 20-30%. Sensors installed on construction
equipment enable real-time task monitoring. This information
is sent to engineers' control panels, helping to quickly identify
delays and resolve equipment malfunctions that affect the speed
of project implementation, such as pipeline construction.

The fourth significant factor of automation is the increase in
productivity by 3-5%. Through precise analytics and the
elimination of bottlenecks in drilling, oil extraction, and
infrastructure construction processes, companies can achieve
more efficient resource utilization and improve overall
production performance.

TABLE 2. Process automation technologies and their role in ensuring the
quality of construction of oil and gas facilities [4].
Technology Role in Ensuring Construction Quality
Used to automate planning, coordination, and
construction control. Increases the accuracy of
meeting deadlines and quality control at each stage

of the project.
Enable centralized storage and management of
documentation, including drawings,

Project Management
Automation (PMS)

Construction Data

Process Automation

Management e d li :
Systems (CDMS) speglflcatlons,_ and quality reports, ensuring
project compliance control.

Quality Control Involves the use of sensors and software for

automated checking of construction parameters
such as material strength and assembly precision.

Automated  Testing
Systems (NDT)

Non-destructive testing uses automated methods
such as ultrasonic diagnostics and radiography to
check material conditions without damaging them.

Robotic Systems

Used for high-precision construction operations
such as welding or assembling complex structures,
reducing human error and improving work quality.

Internet of Things
(1oT)

Embedding sensors into materials and equipment
for real-time monitoring. This data is used for
quality control at each stage of construction and to
prevent failures.

Asset  Management
Systems (AMS)

Automated asset management helps monitor the
condition of equipment and materials on the
construction site, maintaining quality throughout
the project.

Predictive Analytics
Technologies
(AI/ML)

Artificial intelligence and machine learning
analyze sensor data and predict potential problems
during  construction, improving preventive

measures to maintain quality.

Finally, but no less important,

is the reduction in

maintenance costs by 20-40%. Real-time information from
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production facilities enables the implementation of predictive
maintenance strategies. This allows for the prevention of major
breakdowns and reduces the damage associated with
equipment, ultimately lowering overall repair and maintenance
expenses in the oil and gas industry [5].

Table 2 will describe the technologies that can be used in
process automation to ensure the quality of construction of oil
and gas facilities.

In conclusion, process automation technologies play a
crucial role in enhancing the quality of construction in the oil
and gas industry, reducing costs and time while simultaneously
increasing productivity and safety.

3. Quality Control
Construction Projects

Modern quality control and diagnostics technologies for
construction projects in the oil and gas sector are particularly
relevant due to the high risks associated with the operation of
facilities in extreme conditions. The strategic goal of these
methods is to ensure the reliability and safety of infrastructure,
minimize accident risks, and extend the operational life of
facilities. Below are the key non-destructive testing (NDT)
methods used to assess the condition of construction structures,
as well as leading international companies applying these
technologies.

1. Ultrasonic Testing. Ultrasonic testing is based on the use of
high-frequency sound waves that penetrate the material of the
structure. The waves reflect from defects (cracks, voids,
delaminations) and are detected by sensors. Changes in the
sound signal allow for precise identification of the location and
size of defects.

This method is actively used for inspecting welds and
diagnosing the condition of metal structures, as well as concrete
elements and composite materials. In the oil and gas industry,
ultrasonic testing is used to assess the condition of pipelines,
storage tanks, and other facilities subjected to high mechanical
loads and aggressive environments.

- GE Inspection Technologies (USA): a leader in the
development and implementation of ultrasonic testing
solutions. Its technologies are used by major oil and gas
companies to assess the condition of welds and pipelines.

- Olympus Corporation (Japan): a global leader in the
production of non-destructive testing equipment, including
ultrasonic flaw detectors. The company's technologies are used
to inspect metal structures and storage tanks in the oil and gas
industry.

2. Radiographic Methods. Radiographic methods involve the
use of X-ray and gamma radiation to detect internal defects in
materials. Penetrating radiation passes through the object, and
its absorption provides an image of the internal structures of the
material, including cracks and cavities. Radiographic methods
are widely used to inspect the quality of welded joints, metal
structures, and storage tanks for petroleum products. This
method allows for the detection of internal defects that cannot
be visually identified or found by other methods.

- 3DX-Ray (UK): a leading manufacturer of radiographic
systems for non-destructive testing, including for the oil and gas

and Diagnostics Technologies for
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industry. The company's products are used to diagnose
pipelines and tanks at major oil facilities.

- Carestream NDT (USA): a company specializing in providing
solutions for industrial radiography and gamma radiography,
used in the oil and gas industry for inspecting the quality of
welds [6].

3. Laser Technologies. Laser methods include laser scanning,
interferometry, and vibrometry. Laser scanning allows the
creation of accurate 3D models of structures, which is useful for
analyzing surface defects. Laser interferometry is used to
measure deformations on the surface of objects. Laser
vibrometry helps analyze the dynamic behavior of structures,
especially those subjected to vibrations. Laser interferometry is
also used to monitor deformations in drilling rigs and other
structures exposed to vibrational loads.

- Hexagon AB (Sweden): the company develops laser scanning
and diagnostic solutions used for monitoring the condition of
pipelines and tanks in the oil and gas industry.

- Nikon Metrology (Japan): a global leader in producing laser
control systems. The company's technologies are actively used
for diagnosing surface defects on metal and composite
structures in the oil and gas industry.

TABLE 3. Technologies for quality control and diagnostics of construction oil
and gas facilities [7].
Description and Role in Quality Control and
Diagnostics
Used for non-destructive testing of welds, concrete,
and metals. Detects internal material defects such as
cracks or voids.
Applied for inspecting the quality of welds and
structures. High-precision imaging reveals defects
that are invisible to other diagnostic methods.
Used for creating high-precision 3D models of
objects. Provides deformation measurements,
project non-conformance analysis, and assembly
quality control of structures.
Conducts thermal analysis of surfaces to detect heat

Technology

Ultrasonic Testing

Radiographic
Testing

Laser Scanning

?gﬁﬁg ranh leaks or insufficient insulation, particularly
graphy important for assessing pipelines and storage tanks.
. . Drones are used to monitor hard-to-reach areas of
V!sual Inspection construction sites, including platforms and tall
with Drones s ' . .
structures. Enables rapid inspection and diagnostics.
A technology for non-destructive investigation of
Ground- L -
. underground utilities and structures. Detects hidden
penetrating  radar . L
(GPR) underground defects such as corrosion or pipeline

deformations.

A monitoring method that detects micro-cracks and
internal material damage at early stages, helping to
prevent major failures.

Acoustic Emission

Applied to detect surface and near-surface defects in
ferromagnetic materials, such as steel structures and
pipelines.

Magnetic  Particle
Inspection (MT)

Used to inspect internal cavities of structures and
pipelines with miniature cameras, allowing the
assessment of hard-to-reach areas.

Endoscopy
(Videoscopy)

Detects active zones of damage or micro-cracks in
structures by registering sound waves, enabling
prompt response to defect occurrences.

Acoustic Emission
Testing

Al analyzes data from various sensors and control

Artificial systems to predict potential issues and improve real-

Intelligence (Al)

time diagnostic accuracy.

4. Intelligent Data Analysis Systems. Modern data analysis
systems based on machine learning and artificial intelligence
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technologies allow for the processing of large volumes of
sensor data from facilities, predicting potential defects and
failures. These systems analyze data in real-time and provide
warnings about potential problems. Intelligent systems are used
for real-time monitoring of facilities, particularly high-risk
objects such as pipelines and storage tanks for petroleum
products. The use of such systems reduces the likelihood of
accidents and extends the operational life of facilities.

- Siemens (Germany): the company develops Al-based
solutions for monitoring industrial facilities, including the oil
and gas industry. Its systems predict breakdowns and defects
based on sensor data.

- IBM (USA): Through its Watson platform, the company
offers intelligent solutions for data analysis and risk prediction
in oil and gas infrastructure facilities [7]. Table 3 provides a
summary of quality control and diagnostic technologies for
construction in the oil and gas sector.

In conclusion, modern quality control and diagnostic
technologies for construction in the oil and gas industry play a
crucial role in ensuring the safety and reliability of
infrastructure. Non-destructive testing methods such as
ultrasonic diagnostics, radiographic testing, laser technologies,
and intelligent data analysis systems allow for the accurate
detection of defects at early stages, preventing accidents and
extending the lifespan of facilities. The use of these
technologies, including in combination with artificial
intelligence and machine learning, significantly enhances the
efficiency of monitoring and diagnostics, which is especially
important given the high risks and operational stress on oil and
gas facilities.

II.  CONCLUSION

Thus, the implementation of modern technologies such as
artificial intelligence, 10T, and process automation has a
positive impact on ensuring quality in the construction of oil
and gas facilities. These technologies contribute to increased
accuracy and efficiency, reduced costs, and minimized risks.
Furthermore, they play an important role in ensuring the safety
and durability of structures, which is especially critical for
facilities operating in extreme conditions. Ultimately, the use of
these technologies enhances overall standards of quality and
reliability, representing a significant step toward the sustainable
development of the industry.
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