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Abstract: Against the backdrop of globalization and informatization, the rapid development of the energy industry,
including oil and natural gas, has led to an increasing demand for wellhead equipment. However, safety issues associated
with wellhead equipment have consistently been a crucial factor limiting its development. This paper elucidates the
significance of wellhead equipment testing technology, investigates the current research status both domestically and
internationally, analyzes the developmental trends in detection technology, and explores the challenges and
corresponding strategies. Currently, wellhead equipment detection technology faces challenges related to safety,
economic viability, and standardization. The adoption of a comprehensive detection approach involving sensor
technology, signal processing techniques, and machine learning algorithms can effectively enhance the accuracy and
real-time capabilities of wellhead equipment detection. With the development of wellhead equipment detection
technology, it becomes possible to monitor and manage the entire lifecycle of the equipment, providing robust support
for the sustainable development of the oil, natural gas, and other energy industries. The research outcomes not only
contribute to enhancing the operational safety of wellhead equipment but also offer valuable insights for technological

innovation and development in related fields.

Keywords: Wellhead Equipment; Detection Technology; Oil and Gas Production

DOI: 10.57237/j.jsts.2023.02.002

1 Introduction

Wellhead equipment is one of the crucial devices at the
top of the oil and gas wellbore. It consists mainly of cas-
ing heads, tubing heads, gate valves, and other compo-
nents, as shown in the figure 1. It plays a vital role in
controlling the wellbore, regulating oil and gas production,
and ensuring the safe operation of gas wells. It can control
the pressure at the wellhead and adjust the production
flow based on actual collection conditions [1-3].

Wellhead equipment is a widely used device in oil and
gas production, and its operational status is critical to the
efficiency and safety of oil and gas collection operations
[4]. With the increasing demand for petroleum in China,
the oil and gas collection industry requires continuous
improvement of wellhead devices' safety mechanisms to
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enhance their safety and efficiency. During the production
process, incidents such as punctures and leaks in wellhead
devices occur occasionally due to erosion and corrosion.
Therefore, the detection of in-service wellhead devices is
crucial to ensuring their safe operation [5-7].

In the early stages, wellhead equipment detection tech-
nology heavily relied on manual inspections, which were
not only inefficient but also posed certain safety risks.
With technological advancements, there has been an ex-
ploration of various automated devices for wellhead
equipment detection [8]. These devices can monitor the
working status of wellhead equipment in real-time,
promptly identify and address issues, significantly en-
hancing both efficiency and safety.
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Figure 1 Typical wellhead equipment assembly

However, with the increase in the depth of oilfield ex-
ploitation, the working environment for wellhead equip-
ment is becoming increasingly complex. In this situation,
traditional wellhead equipment detection technology is no
longer sufficient to meet the demands. As a result, re-
searchers have begun exploring new detection technolo-
gies. For instance, Zhao Minjiang proposed a wellhead
equipment detection technology based on big data and
artificial intelligence [9]. This technology can predict
potential issues with wellhead equipment based on exten-
sive historical data, enabling preventive maintenance.
Kong Chang'e and others used ultrasonic phased array
technology to analyze the image characteristics and defect
size of different types of defects in gate valve flanges in
order to achieve online detection of metal corrosion on the
sealing surfaces and channels of various components of
oil and gas wellhead devices [10]. The feasibility of ul-
trasonic phased array for online detection of oil and gas
wellhead devices was verified. Chu Xuejiao and others
used acoustic emission detection technology to detect
defects in dry wellhead Christmas trees, and obtained
deviations in the positioning analysis of oil and water
injection pipelines, verifying the feasibility of this tech-
nology [11].

Furthermore, with the increasing awareness of envi-
ronmental protection, people are also paying attention to
the environmental impact of wellhead equipment detec-
tion technology. Traditional wellhead equipment detection
technology often generates a significant amount of waste,
causing environmental pollution. Therefore, future well-
head equipment detection technology will place greater
emphasis on environmental protection, such as adopting
more eco-friendly materials and technologies to reduce
waste generation.
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In summary, the development process of wellhead
equipment detection technology is a continuous pursuit of
efficiency, safety, and environmental friendliness. We
have reason to believe that future wellhead equipment
detection technology will be more advanced and better
aligned with the operational needs of oilfields, providing
robust technical support for ensuring the safe operation of
oilfields. This paper will delve into the development his-
tory and trends of wellhead equipment detection technol-

ogy.

2 Current Research Status of
Wellhead Equipment Detection
Technology

2.1 Domestic Research Status

Research on wellhead equipment detection technology
began in the 1980s, primarily relying on manual inspec-
tions and simple mechanical detection devices. With
technological advancements, wellhead equipment detec-
tion technology has continually evolved and improved.
Currently, domestic wellhead equipment detection tech-
nology has transitioned from traditional manual inspec-
tions and mechanical detection to real-time monitoring
and early warning using advanced sensor technology and
automation control technology.

In this process, researchers have not only conducted
in-depth studies on wellhead equipment detection tech-
nology but have also extensively explored its applica-
tions. For instance, Zhao Minjiang provided a detailed
introduction to the application of wellhead equipment
detection technology in preventing fires and explosions
in oilfield gas wells [9]. They emphasized that effective
wellhead equipment detection technology can promptly
identify equipment anomalies, preventing the occurrence
of fires and explosions. Wang Yewei and others focused
on the Sulige Gas Field, conducting a study on the safety
hazards associated with wellhead gas-lifting trees [12].
They summarized and analyzed common faults in
gas-lifting trees, providing technical guidance for the
management of safety hazards associated with wellhead
gas-lifting trees. Chen and others conducted a compre-
hensive analysis of the failure modes and causes of
wellhead main components, identifying the primary
failure modes and reasons [13]. They proposed measures
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to enhance the reliability of wellheads. Yang and others,
based on on-site investigations and analyses, employed
fault analysis methods to study the failure modes and
functions of gas well wellhead equipment, as well as the
corrosion, aging, and failure modes of sealing materials
[14]. They provided recommendations regarding the
corrosion resistance and reliability of consumable ac-
cessories for gas well wellhead equipment. Chen Hao
and others analyzed the failure forms and failure modes
of wellhead devices, concluding that wellhead device
failure forms include electrochemical corrosion, stress
corrosion, surface damage caused by wear or corrosion,
aging of sealing gaskets, corrosion, wear, and aging of
sealing components [15]. Based on a leakage factor
analysis, they proposed protective measures. Zhang Bao
and others conducted online testing of wellhead equip-
ment in 10 oil and gas wells prone to corrosion in the
Keshen block of the Tarim Oilfield using phased array
ultrasonic technology [16]. They identified corroded
wellhead equipment, conducted quantitative analysis of
the specific locations and geometric dimensions of cor-
rosion defects, demonstrating the feasibility of applying
phased array ultrasonic detection technology for online
testing of wellhead oil and gas equipment.

In summary, domestic wellhead equipment detection
technology holds significant application value in the de-
velopment of oil and gas fields. The future research and
development trends will place greater emphasis on envi-
ronmental protection and safety. For instance, scholars
will explore ways to reduce environmental pollution dur-
ing the detection process and ensure the health and safety
of workers. In the future, this technology will continue to
evolve and improve, providing increasingly secure and
efficient support for domestic oilfield gas wells.

2.2 Foreign Research Status

In the fire and explosion prevention technology of oil-
field gas wells, the development history and trends of
wellhead equipment detection technology are important
research directions. Abroad, significant progress has been
made in this field, primarily manifested in the following
aspects [17].

Firstly, from a technological perspective, wellhead
equipment detection technology abroad has shifted from
traditional physical detection methods to modernized
automated and intelligent detection methods. This trans-
formation not only enhances the accuracy and efficiency
of detection but also significantly reduces safety risks

during the detection process. For instance, by employing
high-precision sensors and advanced data processing
techniques, real-time monitoring and fault prediction of
wellhead equipment can be achieved, effectively prevent-
ing the occurrence of fires and explosions.

Secondly, from an application perspective, wellhead
equipment detection technology abroad has been widely
applied in the fire and explosion prevention efforts of
oilfield gas wells. This application is evident not only in
the routine maintenance and inspection of equipment but
also in emergency response to fires and explosions. For
example, by utilizing wellhead equipment detection tech-
nology, the causes of fires and explosions can be quickly
and accurately determined, enabling the formulation of
effective emergency measures and minimizing accident
losses.

Lastly, regarding development trends, wellhead equip-
ment detection technology abroad is progressing towards
higher precision, faster speed, and stronger intelligence.
This development trend is evident not only in the hard-
ware technology of detection equipment but also in the
algorithms of detection software. For example, by lever-
aging advanced artificial intelligence technologies such as
deep learning, intelligent identification and prediction of
wellhead equipment can be achieved, enhancing the effi-
ciency and accuracy of detection.

In summary, wellhead equipment detection technology
abroad has made significant progress in the research and
application of fire and explosion prevention efforts.
However, due to the uniqueness and complexity of oil-
field gas wells, the development of wellhead equipment
detection technology still faces numerous challenges.
Therefore, future research needs to further explore new
detection methods and technologies to meet the higher
requirements of fire and explosion prevention efforts in
oilfield gas wells.

3 Development Trends of Wellhead
Equipment Detection Technology

The level of automation in wellhead equipment detec-
tion technology is continuously increasing. Traditional
wellhead equipment detection work relies mainly on
manual operations, which is not only inefficient but also
poses certain safety risks. However, with the development
of computer technology and sensor technology, automated
wellhead equipment detection technology has become
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possible [18, 19]. This technology can monitor the oper-
ating status of wellhead equipment in real time, promptly
identify and address issues, significantly enhancing effi-
ciency and safety.

Secondly, the accuracy and reliability of wellhead
equipment detection technology are continuously im-
proving. With the development of data processing and
analysis technologies, we can obtain and analyze the
operational data of wellhead equipment more accurately,
thereby making more precise judgments about the
equipment’s operational status and existing issues. Addi-
tionally, by introducing more advanced sensors and de-
tection devices, we can enhance the accuracy and relia-
bility of detection, avoiding safety issues caused by
misjudgments.

Furthermore, the trends of networking and intelligence
in wellhead equipment detection technology are becoming
increasingly apparent. Through network technology, re-
mote monitoring and management can be achieved, sig-
nificantly improving efficiency. Simultaneously, by in-
corporating artificial intelligence technology, intelligent
analysis and processing of wellhead equipment operation-
al data can be realized [20].

Lastly, the environmental friendliness of wellhead
equipment detection technology is receiving increasing
attention. With the rise of environmental awareness,
addressing how to minimize environmental impact while
ensuring safety and efficiency has become a crucial di-
rection for the development of wellhead equipment de-
tection technology. For instance, this involves using
more environmentally friendly materials and technolo-
gies to reduce pollution during the detection process and
optimizing detection processes to reduce energy con-
sumption.

In summary, the development trends of wellhead
equipment detection technology encompass automation,
precision, networking, intelligence, and environmental
friendliness. These trends not only enhance the efficiency
and safety of wellhead equipment detection but also re-
duce environmental impact, aligning with the principles of
sustainable development. However, these trends also pre-
sent new challenges, such as ensuring the stability and
safety of automated systems, handling large amounts of
data, and safeguarding data security. Therefore, continued
research and exploration are needed to address these
challenges and drive the sustained development of well-
head equipment detection technology.
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4 Issues and Strategies in Wellhead
Equipment Detection Technology

4.1 Issues in Wellhead Equipment
Detection Technology

With the development of technology and changes in the
working environment, wellhead equipment detection
technology is also facing potential issues and challenges.

Firstly, there is an accuracy issue in wellhead equip-
ment detection technology. With the increasing depth and
complexity of oilfield gas wells, the demand for precision
in wellhead equipment detection is continuously rising.
However, current detection technologies may struggle to
meet these high-precision requirements, potentially lead-
ing to inaccurate results and affecting the effectiveness of
fire and explosion prevention work. Therefore, improving
the accuracy of wellhead equipment detection technology
is a crucial issue that needs to be addressed.

Secondly, there is a safety issue in wellhead equipment
detection technology. In the working environment of oil-
field gas wells, various potential safety risks exist. If
wellhead equipment detection technology cannot effec-
tively identify and control these risks, it may lead to safe-
ty accidents.

Thirdly, there is an economic issue in wellhead equip-
ment detection technology. While improving the precision
and safety of wellhead equipment detection technology is
crucial, it may increase the cost of detection. Balancing
economic efficiency with the prerequisites of precision
and safety is a key challenge in current wellhead equip-
ment detection technology.

Additionally, there is a concern about the upgrading of
wellhead equipment detection technology. With techno-
logical advancements, new detection technologies and
devices continually emerge. However, the challenge lies
in integrating these new technologies and devices into
wellhead equipment detection, as well as addressing the
management of old equipment and technologies. This
becomes a new direction for future research.

Finally, there is a standardization issue in wellhead
equipment detection technology. Currently, there is no
uniform standard for wellhead equipment detection tech-
nology, which may impact the accuracy and consistency
of detection results. Therefore, establishing and imple-
menting unified standards to drive the development of the
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wellhead detection industry is a primary challenge faced
by practitioners.

4.2 Strategies in Wellhead Equipment
Detection Technology

The development history and trends of wellhead
equipment detection technology not only reflect the pace
of technological progress but also reveal humanity's con-
tinuous pursuit of safety, environmental protection, and
economic efficiency. In recent years, with the rapid de-
velopment of new technologies such as the Internet of
Things (1oT), big data, and artificial intelligence, wellhead
equipment detection technology has embraced new solu-
tions [21, 22]. On the one hand, the intelligence level of
detection equipment is continuously improving, enabling
functions such as remote monitoring, automatic alarms,
and fault prediction, greatly enhancing detection efficien-
cy and accuracy. On the other hand, the processing and
analysis capabilities of detection data are continually
strengthening, allowing for a deep understanding and
precise assessment of equipment status, providing robust
support for equipment maintenance and optimization [23].

In the future, wellhead equipment detection technology
may develop in the following directions: first, towards a
higher level of intelligence, achieving fully automated
operation and intelligent decision-making for equipment
[24]; second, expanding into broader application areas,
such as oil and gas pipelines, chemical equipment, etc.;
third, advancing into deeper data mining and knowledge
discovery, utilizing big data and artificial intelligence
technologies to achieve precise prediction and optimiza-
tion of equipment status [25, 26]. In the future, we look
forward to witnessing more innovative technologies and
solutions that better ensure the safe operation of oilfield
gas wells, protect the lives of employees, prevent property
losses, safeguard the environment, and ensure continuous
safe operation.

5 Conclusion

In the petroleum and chemical industries, wellhead
equipment detection technology is a crucial component of
fire and explosion prevention. With the development of
technology, wellhead equipment detection technology is
continuously advancing, providing robust technical sup-
port for the safe operation of oilfield gas wells. The de-
velopment history of wellhead equipment detection tech-

nology can be traced back to the early manual detection
stage. With the development of electronic technology and
computer technology, wellhead equipment detection
technology gradually entered the automation stage. Dur-
ing this stage, by installing various sensors and actuators,
real-time monitoring and automatic detection of wellhead
equipment could be achieved, greatly improving detection
efficiency and accuracy.

With the increasing complexity and hazards of oilfield
gas wells, traditional wellhead equipment detection tech-
nology is no longer able to meet the needs of modern
oilfields. Therefore, in recent years, wellhead equipment
detection technology has begun to develop towards intel-
ligence and networking. By introducing advanced tech-
nologies such as artificial intelligence, big data, and cloud
computing, intelligent diagnosis and predictive mainte-
nance of wellhead equipment can be achieved, further
enhancing the safety and economic efficiency of oilfield
gas wells. In the future, the development trend of well-
head equipment detection technology will become more
apparent. On the one hand, with the development of the
10T, wellhead equipment detection technology will
achieve more extensive networking and data sharing,
thereby achieving comprehensive monitoring and man-
agement of oilfield gas wells. On the other hand, with the
development of new materials and technologies, the per-
formance of wellhead equipment will be further enhanced,
providing a broader application space for wellhead
equipment detection technology.
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