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Abstract: As key nodes in the energy transmission network, oil and gas pipeline stations
are crucial in ensuring national energy security and stable economic development. The
traditional construction mode of “on-site prefabrication and installation” has problems,
such as low efficiency, high cost, and large quality fluctuations, which make it difficult
to meet current construction needs. Factory prefabrication technology for pipelines has
become a key path to solving industry pain points. This article focuses on the factory prefab-
rication technology of oil and gas station pipelines. By integrating key technologies, such
as 3D modeling, automated welding, modular transportation, and intelligent detection, the
visualization and digitization of station pipeline design are achieved, providing a basis for
prefabrication and processing. They also improve welding quality and efficiency through
automated welding technology and non-destructive testing technology. Through research
on the planning and construction of prefabrication factories, construction organization and
quality management, supply chain management, and information technology applications,
real-time monitoring and information management of the construction process have been
achieved. Case analysis shows that factory prefabrication can achieve a prefabrication rate
of 70% for DN50-DN600 pipelines in the station, 80% for automated welding seams, a
total construction period reduction of about 30%, a one-time welding qualification rate
of over 96%, and a significant cost reduction, reflecting the significant advantages of fac-
tory prefabrication in terms of construction period, quality, and cost. Further research
has clarified that factory prefabrication technology can effectively improve the efficiency,
quality, and economic benefits of pipeline construction in o0il and gas stations, promote
the transformation of construction towards a high-efficiency, low-carbon, and sustainable
direction, and provide support for the strategic goal of “One National Network”.

Keywords: oil and gas pipeline station; factory prefabrication; digital collaboration;
construction management; benefits assessment

1. Introduction

As a key node in the energy transmission network, oil and gas pipeline stations play
an irreplaceable strategic role in ensuring national energy security and stable economic
development [1]. In recent years, with the rapid growth of global energy demand, the
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construction scale of oil and gas pipeline stations in China has continued to expand, and
their functions have evolved from single transmission hubs to integrated and intelligent
directions, undertaking core tasks like multi gas source interconnection, energy scheduling
optimization, and emergency support [2,3]. However, the traditional construction mode of
“on-site prefabrication and installation” is constrained by weather and site conditions, and
it has bottlenecks, such as low efficiency, high cost, and large quality fluctuations, making
it difficult to meet the current construction needs of high speed, high quality, and high
stability. Therefore, factory prefabrication technology for pipelines has become a key path
to solving industry pain points due to its significant advantages [4-6].

Compared to traditional models, factory prefabrication greatly improves the controlla-
bility of the construction environment through enclosed workshops, automated equipment,
and programmed processes [7-9]. For example, using 3D modeling for pipeline segmenta-
tion design and interference inspection, combined with fully automated welding processes,
can reduce errors caused by manual intervention and achieve a welding quality consistency
improvement of over 30%. At the same time, modular design enables prefabricated pipe
sections and equipment units to be integrated in the factory, and they only need to be
assembled after transportation to the site, thereby shortening the construction period by
20% and reducing costs by 15%, significantly alleviating the problems of labor shortage
and resource waste [10-12].

Factory prefabrication technology is developing rapidly in the global energy engi-
neering field, and highly integrated prefabrication models have been formed in European
and American countries [13]. Progress has been made in the fields of petrochemicals,
nuclear power, and construction domestically, but there are shortcomings in the oil and gas
pipeline industry, with a prefabrication rate of less than 25%, facing technical bottlenecks,
such as systematic lack of prefabrication work, insufficient digital collaboration, and poor
equipment adaptability. Therefore, it is urgent to establish a full chain system, a BIM
digital collaborative platform, and specialized equipment for research and development.
By optimizing resource allocation and improving the quality monitoring system, we can
promote the digitization and standardized management of the entire construction process
and accelerate the transformation of oil and gas pipeline station construction towards a
high-efficiency, low-carbon, and sustainable direction [14,15].

This study focuses on the factory prefabrication technology of oil and gas station
pipelines, covering the following three aspects: firstly, key technology research, in-depth
analysis of the application of core technologies, such as digital design, welding, and
non-destructive testing in factory prefabrication, and exploration of how to improve pre-
fabrication quality and efficiency through technological innovation; secondly, research
on management models, constructing a scientific and reasonable management model for
prefabricated factories, including planning and construction of prefabricated factories,
construction organization management, supply chain collaborative management, etc., to
ensure the smooth implementation of factory prefabricated projects; and third, the appli-
cation of case analysis, selecting representative compressor station projects, conducting
in-depth analysis of the application effect of factory prefabrication technology, summarizing
experience and lessons, and providing a practical reference for other projects.

2. Research on Factory Prefabrication Technology Systems
2.1. The Concept and Characteristics of Factory Prefabrication

Factory prefabrication of pipelines refers to the process of assembling and welding
one or several pipe sections in a factory (workshop) to form a whole. In other words, it is

the application of industrial construction to pipeline prefabrication construction, achieving
comprehensive integration of pipelines’ detailed design, pipeline construction management
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and material information generation, material inspection, heat treatment, non-destructive
testing, anti-corrosion, packaging, boxing, transportation, and other work. The real-life
picture of the pipeline prefabrication workshop is shown in Figure 1. Usually, it includes
the following [16,17]:

(1) Construction enterprises need to establish fixed factories or adopt mobile factories
and containers and organize construction according to the process’s operation mode;

(2) Most of the pipelines used for station installation are completed in the prefabri-
cation plant, which needs to be equipped with the necessary mechanical equipment for
pipeline prefabrication;

(3) Prefabricated pipes completed in the prefabrication factory are only subjected to

simple on-site welding and assembly after being transported to the site.

Figure 1. Pipeline prefabrication workshop.

Factory prefabrication can shorten the construction period, avoid interference from the
external natural environment, achieve continuous construction, and reduce construction
costs. It offers advanced mechanical equipment and high labor productivity, quality is
guaranteed, and, for welding complex pipelines, standard procedures can be followed.
Flow production can connect processes, achieve centralization, reduce temporary cable
construction, and save labor power, material resources, and financial resources [18,19].

2.2. Key Technologies for Factory Prefabrication of Pipelines

The development of factory prefabrication technology cannot be separated from a
series of advanced key technologies as support, which cover various links from design to
manufacturing and transportation to installation. They cooperate and work together to
promote the efficient and high-quality implementation of factory prefabrication in oil and
gas pipeline stations [20].

2.2.1. Digital Design Technology

(1) Digital design platform and model construction

The station digital platform adopts system integration design, and subsystems such as
3D design, intelligent PID design, and electrical instrument design can receive upstream
process design data through the integrated system and transmit data downstream. The
digital design process of the station platform is shown in Figure 2. According to the
requirements of DEC documents related to digital handover of pipeline engineering, digital
design data are transferred to the engineering digital delivery system. The design personnel
of the station digital design platform include professionals in technology, heating, water
supply and drainage, fire protection, instrument automation, station communication, power
supply and distribution, machinery, station corrosion and cathodic protection, general
layout, architecture, and structure.
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Figure 2. Digital design process for station platform.

3D digital modeling technology is an important foundation for factory prefabrica-
tion [21]. By establishing a high-precision 3D model of the station, it comprehensively
covers the spatial position, shape, size, and interconnection relationship of various compo-
nents, such as pipelines, equipment, and steel structures, in the station. It can automatically
generate prefabricated pipe section diagrams, material lists, and welding information,
realizing the visualization and digitization of station design. At the same time, it also pro-
vides detailed and accurate information as a basis for subsequent prefabrication processing,
transportation, and on-site installation. The staff in each link can intuitively understand
the specific situation of station components through the model, ensuring the accuracy and
efficiency of the construction process. Based on the digital station platform, through digital
tools, such as intelligent P&ID design, intelligent instrument digital design, intelligent
power digital design, and 3D layout design, multi-professional collaborative design can be
carried out to achieve the construction and output of multi-professional 3D models of the
station. The 3D model diagram of the station area is shown in Figure 3.

d. Heater zone

Figure 3. 3D model diagram of different areas in the station yard.
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(2) Prefabricated pipe section division and design depth

Modular disassembly and transportation technology is an important guarantee for
achieving factory prefabrication and rapid on-site assembly. According to the functional
and structural characteristics of the station, it is divided into several functional modules,
such as a process manifold module, an equipment pry module, a steel structure module,
etc. Most of the cutting, matching, welding, anti-corrosion, inspection, and other work is
completed in the factory, and then the prefabricated pipe sections are sent to the site for
installation and welding, achieving only a small amount of docking and welding work on
the construction site.

In the process of modular disassembly, it is necessary to fully consider the size, weight,
transportation conditions, and convenience of on-site installation of the modules and
reasonably determine the boundaries and connection methods of the modules to avoid
collisions and damage to prefabricated components during transportation and ensure the
smooth progress of the project. In the construction process of oil and gas pipeline stations, in
addition to sled mounted equipment, the main pipelines, secondary pipelines, instrument
components, pipe supports, platforms, etc. in the station can be partially or completely
prefabricated in the factory according to the actual project. There are many types of pipes
and fittings in station yards, which are limited by factors like road transportation and
on-site installation error adjustment. Not all pipes and fittings are suitable for factory
prefabrication. It is necessary to comprehensively consider the external dimensions, weight,
and convenience of on-site construction welding after factory prefabrication and analyze
the scope of factory prefabrication in station yards. The analysis of different pipelines in
the oil and gas station is as follows.

(@ Process station inlet and outlet pipelines and vent manifold

The welding volume of the inlet and outlet pipelines of the process station, including
the vent manifold, is generally small, and the required types and quantities of pipe fittings
are also limited. However, the pipelines are long, the external dimensions are large, and
there are many restrictions on road transportation, as shown in Figure 4. It is recommended
to install them on site.

Absolute Distance: 39.813 mm
Coordinate system: Global
E: 38924 mm
S 4N: 7590 mm
AEL: -3500 mm

= Absolute Distance: 40.451 mm
o, Coordinate system: Global
e, aE:39.577 mm
T, AN: 7895 mm
aEL: -3500 mm

o,
S

.....

.....
e Absolute Distance: 35,633 mm
. Coordinate system: Global
E: 35,092 mm
\‘\.. aN: 5100 mm
AEL: 3500 mm

...... Absolute Distance: 37.631 mm
______ Coordinate system: Global
....... AE:36.934 mm
....... 2N: 6300 mm
...... AEL: -3500 mm

.....

Figure 4. Typical installation diagram of inlet and outlet pipelines.

@ Other main process pipelines

Large-diameter pipelines (>DN600) and fittings within the station are also subject to
significant transportation restrictions. Considering the on-site construction situation and
the efficiency of actual prefabrication, pipelines and fittings with diameters above DN600
are not suitable for prefabrication, as shown in Figure 5. It is recommended to install them
on site.
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DN1200 DN1000

Figure 5. Typical installation diagram of large-diameter pipelines.

Small and medium-sized pipelines (<DN600) within the station are mainly main
pipelines between equipment of the same type or different process blocks, with similar
pipe fittings, pipe types, and layout plans. Based on the project process flow, actual
transportation conditions, and on-site installation conditions, the main pipelines of small
and medium-sized pipes in the station can be divided to determine the range, size, and
length of prefabricated pipe sections (when dividing the prefabricated length of pipe
sections, the specifications and dimensions of the raw materials should be fully considered
to minimize waste), thereby achieving a full combination of factory prefabrication and
on-site construction installation, as shown in Figure 6.

Figure 6. Typical prefabricated drawing for small- and medium-diameter pipelines.

(® Secondary pipelines within the station

The secondary pipelines in the station, such as venting, sewage, and bypass pipelines,
have smaller diameters. If on-site installation is used, the amount of work is large, and the
construction efficiency is low. Therefore, the secondary pipelines, their fittings, and valves
in the station can all be prefabricated in the factory and assembled on site later to facilitate
on-site construction operations, as shown in Figure 7.

Figure 7. Typical prefabricated drawing of secondary pipeline.

2.2.2. Automated Welding Technology

The automated welding process is the key to ensuring the quality of prefabricated
components and improving production efficiency [22,23]. In the process of factory prefabri-
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cation, automated welding equipment, such as pipeline automatic welding machines and
arc welding robots, is widely used. Suitable welding processes, such as argon arc welding,
gas metal arc welding, and submerged arc welding, are selected for pipelines of different
materials, diameters, and wall thicknesses. Through precise control systems, precise control
of the welding current, voltage, welding speed, wire feeding speed, and other parameters is
achieved to ensure the stability and consistency of the welding process, effectively improve
welding quality, and reduce the occurrence of welding defects. The welding efficiency
has been improved several times, greatly shortening the production cycle of prefabricated
parts to meet the demand for large-scale factory prefabrication. With the improvement of
automatic welding technology, the application of automatic welding in the pressure vessel
industry has become increasingly widespread in the past decade [24,25].

The recommended groove for the welding process of long-distance pipeline station
fittings is shown in Figures 8-10.

T

- |

(N

(a)Equal wall thickness docking groove

(b)Unequal wall thickness docking groove

Bevel angle (o) : 22°-27°; Internal groove angle (y) : <15°. Truncated edge (P) : 1.6+0.8mm: Alignment gap(b): 2.5-4.5mm
Wall thickness difference (h): <0.5xT1: Length of straight section of hole cone groove (L) : >45mm.

Figure 8. Design drawing of steel pipe and steel pipe docking joint groove.
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(a) Equal wall thickness docking groove (b) Internally and externally misaligned docking groove

steel pipe 6 pipe fitting

(c) Internal alignment docking groove (d) External alignment docking groove

Angle of steel pipe groove surface (a) : 22°-27°;  Transition groove angle (6) : <14°; Internal groove angle (3) : <30°;
Angle of pipe groove surface (B) : 27.5°-32.5° (T<19mm), 35°-40° (T > 19mm)
Exceeding the thickness difference of the steel pipe groove up and down (h): <0.5 x T1
Truncated edge (P) :1 .6+0.8mm: Inner groove thinning transition section length (M) : >25mm.

Figure 9. Design drawing of butt joint groove for steel pipe and fittings (V-shaped groove).
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Figure 10. Design drawing of joint groove for steel pipe and pipe fitting (U-shaped groove).
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According to research, the recommended application of prefabricated automatic weld-
ing technology for station pipelines is shown in Table 1.

Table 1. Recommended application of automatic welding technology in stations.

. Pipe Diameter =~ Wall Thickness Prefabricated
Material (mm) (mm) Welding Process Type Groove Type
Clamp type
Carbonsteel, N5 PN300 3-8 GTAW (automatic) argon are U-shaped
low alloy steel automatic
welding
CTAW root welding Orbital argon arc
Carbon steel, >DN300 >8 (autor.na'ltlc) + GMAW automatic U-shaped
low alloy steel filling cover weldin
(automatic) &
GTAW root welding Orbital argon arc
Carbon steel, >DN300 >8 (ma?“?al) + FCAW automatic V-shaped
low alloy steel filling cover weldin
(automatic) &
GTAW root welding Submerged arc
Carbon steel, >DN300 >8 (m;.m.ual) +SAW welding bracket V-shaped
low alloy steel filling cover roller toolin
(automatic) &
Clamp type
Stainless steel DN25-DN300 3-8 GTAW (automatic) 211;%3;::; U-shaped
welding

2.2.3. Non-Destructive Testing

Non-destructive testing technology is an important means to ensure the quality of
prefabricated components and achieve full process quality control [26,27]. During the
prefabrication process, advanced intelligent detection equipment, such as ultrasonic flaw
detectors, radiographic flaw detectors, and spectral analyzers, are used to perform real-time
detection and quality monitoring of the raw materials, welding joints, geometric dimen-
sions, etc. of prefabricated components. The detection data are quickly and accurately
obtained, and potential quality problems are detected in a timely manner through data
analysis and processing. Research on the digital non-destructive testing process for prefab-
ricated automatic welding in factories includes simulation calculation of testing schemes,
experimental verification, testing fixtures and material requirements, etc.

By studying and sorting out the materials and specifications of steel pipes and fittings
to classify the welding joints of station process pipelines, a non-destructive testing tech-
nology scheme that matches the automatic welding process of the station is proposed. In
order to meet the requirements of automation, digitization, efficiency, and high-quality
testing, the applicability of new technologies, such as phased array ultrasonic testing
(PAUT) and digital radiography (DR) testing, is studied [28,29]. The schematic diagram of
non-destructive testing for oil and gas pipelines is shown in Figure 11.

By conducting simulation calculations of the testing process, designing and process-
ing pre-embedded defect welds, designing and processing comparative test blocks, and
conducting testing experiments, the testing process is experimentally verified. Based on the
current status of testing technology and testing results, the recommended testing process
for the station (the valve chamber) is shown in Table 2.
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Scanner

K Track

Figure 11. Schematic diagram of non-destructive testing for oil and gas pipelines.

Table 2. Recommended application of non-destructive testing technology for station (valve room).

Material Pipe Diameter Wall Thickness Testing Process Groove
(mm) (mm) Type
DR double wall double
Carbon steel, low 2oy DN25-DN250 3-8 shadow/double wall single /- *12P¢¢
' shadow + PAUT P
Carbon steel, low alloy DR double wall single
steel, stainless steel DN300-DN500 =8 shadow + PAUT V-shaped
DR center
Carbon steel, low alloy steel >DN500 >8 radiography + PAUT V-shaped
Carbon steel, low alloy DR double wall single
steel, stainless steel DN300-DN500 =8 image + AUT U-shaped
Carbon steel, low alloy steel >DNb500 >8 DR center radiography + UT  U-shaped

2.3. Comparative Analysis of Factory Prefabrication and Conventional Construction

In the field of oil and gas pipeline station construction, factory prefabrication, as
an innovative construction method, has significant differences from traditional on-site
construction in multiple key aspects. These differences are not only reflected in construction
techniques and processes but also involve important areas, such as quality control systems,
cost effectiveness, and digital management, which have a profound impact on the quality,
efficiency, and cost of station construction [30-32]. The main comparison between factory
prefabrication and conventional construction is shown in Table 3.

Table 3. Comparison between factory prefabrication and conventional construction.

Comparison Items

Conventional Construction

Factory Prefabrication

Environmental control

Quality control

Construction technology

Construction time

The environment is greatly affected by
natural conditions, such as temperature,
humidity, wind, and narrow sites,
making it uncontrollable.
Manual welding relies on experience
and has low detection coverage (such as
difficulty in detecting concealed parts)
and a high rate of weld defects.
On-site dispersed operations, loose
process connections, and low efficiency
of manual welding (single weld seam
takes several hours).

Affected by weather and coordination,
the construction period is prone to
delays, and on-site welding
interruptions are frequent.

The factory environment is stable and
controllable, with good working
conditions to avoid interference from
natural factors.

Full process quality management
system, 100% non-destructive testing
(X-ray/ultrasonic inspection), real-time
monitoring of welding parameters.

Production line, automated welding
(3-5 times faster), high precision of
prefabricated components.

Prefabrication and on-site parallel
construction have shortened the total
construction period by about 30%, and
the progress is highly controllable.
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Table 3. Cont.

Comparison Items

Conventional Construction

Factory Prefabrication

Cost structure

Digital management

Safety risks

Resource consumption

On-site civil engineering

Installation efficiency

High labor costs (high dependence on
welders), high material waste rate, and a
30% increase in maintenance costs in the
later stage. The materials are transported

multiple times, resulting in high loss
rates and high transportation costs.

Manually recording information leads to
lagging progress and quality data,
making it difficult to trace.

There are many high-altitude operations,
high risks of cross construction, and
numerous safety hazards.

The on-site energy consumption is high,
while the material utilization rate is low
(about 85%), and the amount of waste
generated is large.

Large-scale production reduces raw
material procurement costs by 10%,
automated production reduces labor
costs, and total lifecycle costs are
reduced by 15%. Prefabricated parts are
transported in a complete set with low
loss rate.

Full process digital platform (BIM + IoT),
real-time monitoring of production data,
QR code traceability system.
Factory environment safety standards
reduce on-site high-risk operations,
resulting in a significant decrease in
safety accident rates.

Intensive production reduces energy
consumption, increases the material
utilization rate to over 95%, and
achieves high recycling efficiency.

Parallel factory prefabrication and
on-site civil engineering to reduce site
conflicts.

Modular installation of prefabricated
components, increasing efficiency
by 50%.

Reserve space for pipeline prefabrication
and occupy space.

Single tube welding takes a long time
and requires on-site adjustment.

By comparing the differences between factory prefabrication and conventional con-
struction, it can be concluded that factory prefabrication has the following significant
advantages [33,34]:

(1) Prefabrication of pipelines can be carried out prior to on-site pipeline construc-
tion without being affected by on-site installation progress, effectively shortening the
construction period.

(2) Prefabrication of pipelines is not disturbed by the external natural environment,
which not only ensures the continuity of pipeline assembly but also reduces corresponding
construction costs.

(8) Compared to on-site processing and installation, the equipment used for factory
prefabrication is more professional and advanced. The assembly line operation in the fac-
tory effectively connects all processes, achieves centralized production, reduces temporary
cable construction, improves work efficiency, and ensures production quality, and unified
management greatly improves economic benefits.

(4) For complex process pipelines, factory prefabrication can meet the process re-
quirements that are difficult to achieve during on-site prefabrication, such as preheating,
welding, post heating, X-ray imaging, and heat treatment.

(5) Factory prefabrication effectively concentrates production lines, equipment, and
construction personnel for overall management, significantly saving material and labor
power and improving economic benefits.
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3. Factory-Based Prefabrication Management Mode

3.1. Planning and Construction of Prefabricated Factory
3.1.1. Site Selection and Layout of Prefabrication Factory

Due to requirements like size limitations for prefabricated pipe fittings, transportation
needs, on-site road conditions, and transportation management regulations, prefabrication
factories for pipeline stations are generally built near construction sites or material transfer
stations [35,36].

(1) Requirements for site selection and layout of prefabrication sites

Priority should be given to areas close to the construction site and the campsite,
with convenient transportation, short transportation distance, good geological conditions,
and small foundation treatment volume. Rainy season flood discharge and sandstorm
protection should also be considered comprehensively. The site layout needs to meet
the requirements of industrialized assembly line operations, ensure reasonable workshop
positioning and smooth roads to reduce secondary handling, implement drainage and dust
storm prevention measures simultaneously, fully harden key areas, and keep high noise
and radiation operation areas away from densely populated areas. Road planning in the
site area should ensure that the main/branch roads meet the transportation requirements of
large equipment and pipe fittings. Cranes, forklifts, and flatbed trucks should be reasonably
equipped, and the walking route should be planned. The size of the workshop entrance and
exit must meet the actual construction needs. Special waste and industrial waste disposal
sites must also be established to strictly prevent environmental pollution.

(2) Requirements for the setting of prefabricated factory buildings

The height, width, materials, and internal facilities of the workshop building must
meet the construction and regulatory standards. The layout should achieve a stream-
lined operation of material requisition, assembly, welding, testing, pressure testing, anti-
corrosion, and shipping. Compliance with temporary power, lighting, ventilation, and
grounding systems regulations should be ensured, and all types of safety warning signs
should be complete. The welding rod drying warehouse and pipe fitting warehouse need to
be managed by dedicated personnel, and a drying distribution ledger should be established
and clearly labeled.

(3) Overall planning of prefabrication factory

According to the classification of long-distance pipeline stations, they mainly include
compressor stations, distribution and cleaning stations, distribution stations, valve cham-
bers, etc. According to statistical data, the welding volume of a single distribution station
is between 10,000 and 15,000 inches, the welding volume of a cleaning station is between
45,000 and 55,000 inches, and the welding volume of a compressor station is between 80,000
and 90,000 inches. Calculated based on a prefabrication rate of over 70%, the welding
period of a general station is 2-3 months. Therefore, the prefabrication capacity of the
required prefabrication factory is 1000 inches/day. Therefore, considering such prefabrica-
tion factory capacity, the overall planning of the prefabrication factory needs to be carried
out according to the following scale.

The planned factory building is 60 m long and 20 m wide, with an external storage
yard of approximately 1000 m?. The open-air raw material pipeline yard is mainly used to
store various finished steel structures and pipe fittings, and a crane with a load of 10 tons
and a boom length of 18 meters is installed in the area. Prefabricated welding is mainly
used for the matching and welding of prefabricated pipe fittings in the station yard. One
cutting system and six inverter welding machines are set up in the area for the pipeline
argon arc welding base and welding, and one piece of heat treatment equipment is used for
weld bead heat treatment. There are three oxygen magnetic cutting machines installed in
the groove processing area for manual cutting and groove processing of pipes. The testing
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area and the prefabricated welding area share the same site, and testing needs to be carried
out at night when no one is in other areas [37,38].

The layout of the pipeline prefabrication workshop area includes one outdoor material
storage area outside of the workshop. There are 4 break processing areas, 2 prefabricated
welding inspection areas, and 1 office in the workshop. The specific layout is shown in

Figure 12.
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Figure 12. Pipeline prefabrication workshop area layout.

3.1.2. Equipment Configuration and Management Organization

According to the preset prefabrication scale of the prefabrication factory and the
welding requirements of the process pipelines in the oil and gas station, the production line
equipment of the prefabrication factory needs to meet the following requirements [39,40].

(1) Suitable pipe diameter: DN50-DN1200;

(2) Processing wall thickness: 3-60 mm;

(3) Raw material pipe length: <12 mm;

(4) Processing material: Suitable for processing various types of carbon steel, alloy
steel, stainless steel, etc.;

(5) Processing technology: Groove processing technology: DN50—400 adopts cutting
groove integrated processing, mechanical cold cutting processing, and a CNC cutting
groove machine for cutting and groove one-time processing, with extremely high processing
efficiency, meeting the high-speed processing requirements of conventional wall thickness
V-shaped grooves. The DN300-1200 adopts band saw cutting and a CNC high-speed
beveling machine for beveling processing, meeting the processing requirements of various
wall thicknesses and beveling forms, such as V, U, X, double V, V + U, and double V + U, as
well as fully automatic processing of internal bevels, internal boring holes, flat end faces,
etc. For the automatic welding process, it includes argon arc automatic base and fine wire
submerged arc automatic filling and covering.

The main equipment of the prefabrication factory is shown in Table 4.

As a fixed equipment processing and manufacturing site, the prefabrication factory
requires specialized personnel, equipment, processing, and production management. There-
fore, a matching organizational structure is needed for management. The organizational
structure diagram required for the prefabrication factory is shown in Figure 13.
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Table 4. Main equipment configuration table of prefabricated factory.

Equipment Equipment Functional Requirements

Pipeline fixed length cutting, groove cutting, straight/oblique

Plasma cutting machine intersecting line cutting, drilling, shrimp section cutting, 12 m

Multi-functional group pairing

raw material cutting
Mechanized assembly of pipes, elbows, flanges, tees, and
other fittings
Double column gantry, left and right centering hydraulic

CNC pipe cutting band saw machine self-centering clamping, cutting speed with infinitely variable
frequency adjustment
CNC high-speed pipe beveling machine Groove processing, flat end face, internal boring processing, etc.
Cantilever Chuck Pipe Automatic Automatic tungsten inert gas welding + submerged arc welding
Welding Machine dual-use system

Compressed pipeline automatic welding machine

Automatic tungsten inert gas welding + submerged arc welding
dual-use system

Prefabrication Factory Manager

\ | I
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Figure 13. Organization chart of prefabricated factory.

3.2. Construction Organization and Quality Management
3.2.1. Factory Prefabrication Construction Process

The production and operation process of the factory prefabrication system for oil
and gas station pipelines can be mainly divided into six parts: technical preparation,
raw material procurement, pipeline prefabrication, inspection and testing, packaging and
transportation, and delivery and acceptance [41,42]. The factory prefabrication construction
process is shown in Figure 14.

(1) Technical preparation: Designers prepare pipeline prefabrication documents ac-
cording to project requirements, including single pipe drawings, axonometric drawings,
layout plans, and construction instructions. The content of the single pipe diagram in-
cludes the pipeline number, starting and ending point coordinates, installation slope and
medium flow direction, valve/special component location and positioning, support and
hanger location and positioning, pipeline and equipment interface information, pressure
boundary points, etc. The construction instructions should clearly specify the technical
requirements for pipeline prefabrication tolerances, welding, heat treatment, inspection,
corrosion prevention, packaging, and transportation.

(2) Raw material procurement: The procurement must strictly meet the requirements
of the design data sheet and technical specifications, and the quality must comply with
relevant specifications. Material substitution must be approved by the owner or designer.
Acceptance procedure: Verify the “three certificates”, check the factory mark, appearance
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inspection, check the specifications and materials, material re-inspection, identification,
and storage and preservation.

(3) Pipeline prefabrication: The main process is single pipe drawing inspection, sand-
blasting rust removal, painting primer, grinding groove, cleaning inside of the pipe, and
assembly. Construction must strictly follow the single pipe diagram, and the deviation of
the finished product must comply with the “Technical Specification for Factory Prefabrica-
tion of Pipelines” (HG/T21641-2013) [43].

Construction Preparation
Drawing Review

Technical Document Preparation | | Material Preparation |
¥ ¥

Develop Welding Process | | Prepare Material Budget |
¥ ¥

Safety Technical Briefing | | Proof of Inspection Materials |

L’{ Sandblasting, Primer Anti-corrosion }'—'7

17
’ Material requisition, Prefabrication, and Cleaning inside the pipe I
+ |
| Assembly, Welding, Identification |
; |
Pipeline Welding | ‘

Valve Pressure Test
2

Valve Appearance Inspection
2

Strength Test |

¥
| Visual Inspection of Welds |
¥
| Welding Junction and Welding Number Identification |
¥
| Non Destructive Testing of Welds Using X-ray Technology |
¥
Non Destructive Testing Report |
¥
| Storage and Registration of Pipeline Sections |

v
Fill In the Pressure Relief Record
v

Cleaning, Sealing and Storage

aredoy 10,] Wy

Figure 14. Factory prefabrication construction process.

(4) Inspection and testing: The prefabricated products are inspected by dedicated
quality inspectors. The inspection includes the following:

(O Appearance inspection: Checking the structural dimensions of the pipe fittings, the
installation direction of the valve, the connection form (flange, thread, welding, etc.), and
the quality of the groove at both ends one by one.

(@ Weld seam inspection: Conducting a visual inspection first, and only after passing
the inspection can non-destructive testing be carried out. The radiographic/ultrasonic
testing requires that the weld quality reach level II or above.

(® Surface testing: For specific welds that cannot be subjected to radiographic/ultrasonic
testing (such as socket welds, branch pipe connection welds, reinforcement ring welds,
sealing welds, support and hanger welds, etc.), carbon steel pipes shall be subjected to
magnetic particle or penetrant testing in accordance with SY/T4109 [44], and stainless steel
pipes shall be subjected to penetrant testing in accordance with NB/T47013 [45], with Class
I qualification. The detection ratio is consistent with the non-destructive testing of the
main pipeline.

(® Bend detection: For pipelines with extremely hazardous fluids or design
pressures > 10 MPa, surface non-destructive testing should be performed on each bend
piece, and external ultrasonic testing should be added if necessary. Nickel low-temperature
steel, chromium molybdenum alloy steel, and stainless steel bent pipes need to undergo ma-
terial re-inspection and provide non-destructive testing reports after passing the inspection.

(® Hardness testing: Conducting hardness testing on welded joints and bent pipes
after heat treatment.



Processes 2025, 13, 1890 15 of 24

(5) Packaging and transportation: Before painting for protection, thoroughly cleaning
the inner and outer surfaces of the steel pipe and making necessary markings. Properly
packaging according to transportation requirements to prevent collision, compression, and
deformation during transportation.

(6) On-site acceptance: The owner (ordering unit) or its commissioned on-site construc-
tion unit is responsible for inspecting and accepting the prefabricated pipes upon arrival.

3.2.2. Construction of Quality Assurance System

(1) Quality objectives

( The quality qualification rate of engineering equipment and materials is 100%;

@ The installation accuracy of pipelines with different materials, materials, and anti-
corrosion coatings is 100%;

(® The accuracy of numbering for valves, bends, elbows, tees, and other pipe fittings
is 100%;

(® The first pass qualification rate of pressure pipeline welding is 95% or above;

(® The qualified rate of pipeline burial depth is 100%;

(® The certification rate for special job operators is 100%.

(2) Quality Assurance System

Based on the characteristics of prefabrication factories, a quality assurance system for
prefabricated process pipelines is established as shown in Figure 15.

Quality Assurance Engineer

I100uIBUT $S2001d
100uIduy SUIpfom
103uidue DO
10ouidug juowdinbg
J20uidug Yr] Aaeap
120UT3UD [RLIOIBIA

Process installation team

Figure 15. Quality assurance system diagram for prefabricated components.

(3) Quality control elements
The quality control elements for the welding and installation of process pipelines are
shown in Table 5.

Table 5. Quality control elements for welding and installation of process pipelines.

Type Key Quality Control Points

Prefabrication of process pipelines Materials; pipeline cleaning; groove processing; pipeline welding

Pre-installation process inspection; on-site pipeline installation;
fixed mouth welding; pipeline cleanliness

Welding Welding materials; welding rod (wire) management; welding

Process pipeline installation

For key quality control points, the following pre-control measures have been developed.
Prefabrication of process pipelines: Verify pipes, welding materials, fittings, valves,
welding materials, and quality assurance documents. The pipeline must be cleaned and
inspected before cutting. Groove processing should be carried out according to material
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requirements, including flame cutting, mechanical processing, and polishing. Welders must
hold valid certificates and strictly adhere to welding specifications. Strictly implement
the system of electrode storage, drying, and distribution. Weld seam inspection requires
qualified inspection before leaving the site.

Process pipeline installation: Pipe fittings, valves, etc. should be checked for accu-
racy according to design requirements, and valves should be pressure tested according
to regulations. Whether the slope direction, gradient, and support hangers of pipeline
installation comply with the requirements of the drawings and specifications should be
checked. The parallelism and coaxiality of flanges connected to machines and equipment
should be within the allowable tolerance. Check cleanliness at every step of the pipeline
installation process.

Welding: Verify material certification. A secondary warehouse should be established
at the construction site, with standardized stacking and dedicated personnel responsible
for it. Establish rules and regulations for signing, drying, issuing, receiving, and using.
Welders must hold certificates before taking up their posts. Strictly implement the welding
process specifications. The construction site should have windproof, rainproof, snow-proof,
and cold-proof facilities. The proportion and location requirements for weld inspection
should be entrusted to technicians according to design and specifications and supervised
by quality inspectors.

3.3. Supply Chain Management and Information Technology Applications
3.3.1. Supply Chain Collaboration

The station engineering of different projects has a large amount of data and information
accumulation for material demand planning, procurement, installation, and maintenance,
but there is no centralized and unified management and application, and many edge
data have not been utilized. Applying big data intelligent technology to procurement
management can leverage the powerful functions of big data to expand horizontally to
external data and vertically to various stages, such as material planning, procurement
review, and supplier management. This is specifically reflected in the procurement strategy;,
supplier selection, and warehouse material control optimization. Scientifically configuring
important links in the entire supply chain by utilizing big data technologies, such as deep
data mining, cloud computing, and intelligent analysis, can improve procurement quality,
achieve precise procurement, reduce operating costs, and enhance enterprise economic
benefits [46,47].

(1) Procurement Strategy

By summarizing and analyzing the specifications and models of station equipment,
procurement requirements, estimated procurement quantities, suppliers, equipment inven-
tory, transactions, warehousing, equipment loss and usage data, equipment maintenance
data, etc., the material and procurement rules are calculated, and the demand rules for
equipment in different projects and periods are intelligently calculated and predicted.
And, it is possible to compare and feed back the estimated quantity data with the actual
demand quantity, delivery situation, and equipment usage situation of the equipment so
as to form a closed loop between the estimated demand quantity and the actual demand
and improve the efficiency and accuracy of the pre-estimated quantity prediction in the
procurement work.

(2) Supplier selection

By combining big data intelligent computing and modeling technology, a compre-
hensive supplier dynamic control evaluation index system is established. Based on the
characteristics of suppliers, clustering analysis is carried out, and, combined with supplier
historical information, supplier behavior analysis and evaluation results are obtained to
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effectively analyze their behavior trends. And, it is possible to use supervision algorithms
to construct a digital model for supplier behavior warning, establish a supplier information
database, objectively and comprehensively understand the supplier’s credit capability and
integrity through multiple channels, monitor and predict supplier behavior in real time,
and achieve scientific evaluation and refined management of suppliers.

3.3.2. Information Management Platform

A video surveillance system can be deployed on the prefabricated factory site to moni-
tor the overall situation and the operation status of each key process in real time, strengthen
the supervision of on-site construction, make the quality behavior of key processes traceable
and searchable, and improve the overall quality control level. It is possible to cooperate
with the owner unit to build a video surveillance service platform equipped with CVR for
video storage and playback [48]. Prefabrication units need to refer to the construction scope
of smart construction sites. Smart construction sites need to build video surveillance on
the welding unit working surface and inside of the welding shed and be equipped with
NVR and storage cards for on-site data storage. Control balls should be placed on the roof
of the warm shed to monitor the construction working surface. The cameras inside of the
welding shed should adjust their angles according to the actual situation [49,50].

Based on the equipment archive, the prefabricated construction management assistant
is applied to carry out closed-loop management of equipment inspection, entry, main-
tenance, calibration, on-site inspection, and exit. The construction process management
diagram of electronic tags is shown in Figure 16.
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Figure 16. Schematic diagram of construction process management for electronic tags.

4. Analysis of Factory Prefabrication Application
4.1. Application Project Overview

This study selects the newly built gas transmission station A of a natural gas pipeline
project as a case study for in-depth analysis. The design pressure of the compressor
station is 10MPa, the design temperature is —15.8~70 °C, the natural gas inlet flow rate
is 4800-9600 x 10* Nm?/d, and the outlet flow rate is 2100~5700 x 10* Nm?/d. It is
equipped with 20 MW electric drive with two in use and one backup compressor unit.
Three units were built at once in 2024 and are planned to be put into operation in 2025.
There are four DN500 filter separators installed in the station, which are connected in
parallel to meet the design requirements. There are five in use and two as backup DN400
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ultrasonic flow meters and a 25 m high DN600 non-ignition vent riser. The average daily
minimum temperature in the construction area is —13.40 °C, with a minimum operating
temperature of 5.1 °C and a maximum operating temperature of 50 °C. In the early stages of
project initiation, traditional on-site construction methods faced many challenges. The local
climate conditions are complex, with high temperatures and heavy rainfall in summer and
cold and windy winters, which have brought great inconvenience to on-site construction
and seriously affected construction progress and quality. The narrow site and limited
construction space make it difficult to stack materials and park equipment, which increases
the difficulty of construction management. At the same time, with the rapid growth of
demand in the natural gas market, project construction schedules are tight, and traditional
construction methods have difficulty meeting the requirements of on-time production. To
overcome these difficulties, the A station adopts a factory prefabrication scheme, with a
prefabrication rate of 70% for DN50~DN600 pipelines in the station. Furthermore, 80%
of the welds are automatically welded, and prefabricated parts are transported through
dedicated brackets to reduce the number of on-site lifting operations. The quality and
efficiency of project construction are improved by adopting a factory prefabrication scheme
for construction.

4.2. Implementation of Factory Prefabrication Plan

In the implementation process of the plan, firstly, based on the applicable scope
requirements of factory prefabrication, various types of pipelines in the station are carefully
sorted and classified. For small and medium-sized main pipelines, secondary pipelines, and
some prefabricated accessories that meet the conditions for factory prefabrication, precise
prefabrication pipe section division should be carried out to determine their specifications,
sizes, and lengths, and the specifications of raw materials should be fully considered to
reduce waste generation.

In terms of prefabricated factory construction, according to the workshop layout plan,
a fully functional prefabricated workshop should be built. A reasonable layout includes
areas for breaking processing, prefabrication welding inspection, etc. in the workshop
equipped with advanced processing and inspection equipment, such as high-precision CNC
cutting band saws, automatic welding machines, etc., to ensure the smooth progression of
prefabrication work.

In the technical preparation stage, the design team carefully completes various design
documents, specifies the parameters and technical requirements of the pipeline in detail,
and conducts comprehensive technical disclosure to the construction personnel. In the raw
material procurement process, suppliers are strictly screened to ensure superior material
quality, and each batch of materials is rigorously inspected according to the acceptance
procedures. During the pipeline prefabrication process, workers strictly follow the single
pipe diagram for construction and finely control each process to ensure the quality of
prefabrication. At the same time, it is important to strengthen the inspection and testing
of prefabricated pipelines, increase the frequency and items of inspection, and ensure
that every prefabricated pipe section meets quality requirements. During packaging and
transportation, appropriate packaging materials and transportation methods should be
selected based on the characteristics of the pipeline to ensure that prefabricated pipe sections
are not damaged during transportation. The process analysis and indicator measurement
of the factory prefabrication plan are shown in Table 6.
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Table 6. Process analysis and index measurement of prefabricated plant plan.

Project Phase

Plant construction

Engineering Process Process Difference Analysis
Site leveling, foundation treatment, road laying,
Site layout water supply and drainage, power supply lines,
signage, and other temporary facilities
Building Welding workshops, office facilities, etc.
Intelligent construction site
construction o

Prefabricated factory
installation

Groove processing —
Pipeline loading and unloading,
pipe stacking
Short-term transportation within
the prefabrication plant
Cut pipes, team up
Automatic welding

Check equipment, pipeline hoisting in place,
pipeline cutting, groove processing, automatic
welding, pipeline transportation, pipeline
transportation, pipeline lifting, and unloading

Pipeline transportation

Secondary transportation of prefabricated

Pipeline transportation
components

4.3. Implementation Effect Evaluation
4.3.1. Comparison of Project Duration

Compared with conventional construction evaluations, prefabrication factories use
less manual labor than conventional on-site welding, and they can solve the problem of
an inability to cross-operate on site. Prefabrication can be started in advance before the
completion of on-site civil construction and transported directly to the site for assembly
and welding after the construction conditions are met, which can greatly shorten the overall
construction period of the station.

The calculation of the proportion of shortened construction period is shown in
Equation (1).

Tc—Tp

= = x100% 1
St Te X 100% ()

In the formula, St is the duration reduction ratio; T¢ is the regular construction period;
and Tp stands for Factory Prefabrication Schedule.

The comparison of factory prefabrication and conventional construction efficiency
is shown in Table 7. The efficiency of prefabrication factories is mainly in the secondary
transportation of prefabricated components compared to on-site construction time. The
usage period of prefabrication factories in other aspects is relatively short compared to
on-site construction. Therefore, in the case of a large amount of welding work, choosing
factory prefabrication has obvious advantages in terms of construction period and cost.

Table 7. Comparison of factory prefabrication and conventional construction efficiency.

Construction Debugging Welding Anti-Corrosion Test Transportation Total
Concept (DAY) (DAY) (DAY) (DAY) (DAY) (DAY)
Conventional 5 90 10 90 10 205
construction
ractory. 5 45 6 45 30 131
prefabrication

4.3.2. Quality Assessment

The quality of pipe fittings” welds must meet the following requirements. In terms of
appearance, the appearance of the weld should be uniform and consistent, and the width



Processes 2025, 13, 1890

20 of 24

of the weld should be increased by 1.0~2.0 mm on each side compared to the width of
the outer surface groove. The excess height of the weld seam should not exceed 2 mm,
and the continuous length can exceed 2 mm but should not exceed 3 mm and should not
exceed 50 mm. There should be no cracks, lack of fusion, pores, arc marks, harmful weld
beads, pits, or fixture welding points on the weld seam and its adjacent surfaces. When
the cover weld is a row weld, the bottom of the groove between adjacent welds should
be higher than the base metal, and the depth of the groove between welds (the height
difference between the weld and adjacent grooves) should not exceed 1.0 mm; the depth of
the undercut should not exceed 0.5 mm. If the depth of the undercut is less than 0.3 mm,
any length qualifies. For the depth of undercutting between 0.3 and 0.5 mm, the individual
length should not exceed 30 mm. Within any 300 mm continuous length of the weld seam,
the cumulative length of the undercutting should not exceed 50 mm; the cumulative length
should not exceed 15% of the circumference of the weld seam. In terms of non-destructive
testing, the quality of welded joints is divided into four levels, and the level determination
criteria should comply with the provisions of SY /T 4109. Level II or above is considered

to qualify.
The calculation of the one-time welding qualification rate is shown in Equation (2).
Ny
Rp = — x 100% 2
=gy < 100% ()

In the formula, Ry, is the first welding qualification rate; N is the number of welds
that pass the one-time inspection; and Nr is the total number of welds.

After adopting the factory prefabrication scheme, the contact compressor station A
achieved good results in the implementation of the factory prefabrication scheme due to
the stable environment and advanced equipment in the factory, which greatly improved the
welding quality. A comprehensive inspection was conducted regarding the appearance’s
quality, geometric dimensions, and the internal quality of prefabricated pipe fittings.

The surface of the pipe fittings is free of defects, such as cracks, sand holes, air holes,
slag inclusions, and undercutting. The weld surface is flat and smooth, with no obvious
welding defects. The diameter, wall thickness, and length of the pipe fittings meet the
design requirements, and the deviation is within the allowable range.

The welding seams of the pipe fittings have passed non-destructive testing, and the
welding pass rate has reached over 96%, which is significantly higher than traditional
construction methods, effectively reducing the probability of safety hazards, such as leaks
during pipeline operation. The strict construction process and quality inspection system
ensure the quality stability of each prefabricated pipe section, enhancing the reliability of
the entire pipeline system and effectively ensuring the long-term stable operation of the oil
and gas station.

4.3.3. Cost Analysis

Considering the prefabrication scheme of process pipelines in compressor station A,
after adopting the prefabricated pipe section scheme, about 70% of the welded joints of the
process pipelines in the station will be installed and tested in the prefabrication plant, and
small-diameter valves and fittings will also be installed and tested in the prefabrication
plant. The investment is calculated based on labor, electricity consumption, and water
consumption costs for installation in the prefabrication plant. The transportation cost
mainly considers the cost of prefabricated components from the prefabrication factory
to the construction site, with a transportation distance of 100 km. The cost comparison
between the factory prefabrication scheme and the conventional scheme is shown in Table 8.
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Table 8. Comparison of costs between factory prefabrication concept and conventional concept.

Pipe installation
Transport
Total

Conventional Plan  Factory Prefabrication (RMB Ten Thousand) Cost Savings
(RMB Ten Thousand)  Prefabrication Plant  Construction Site (RMB Ten Thousand)
1500 540 480 480
75 210 — —145
1575 1030 335

From a cost perspective, the project has achieved significant cost savings during the
construction process by adopting a factory prefabrication scheme. Compared to traditional
on-site construction methods, the installation cost of factory prefabricated pipelines has
been significantly reduced. In compressor station A, the pipeline installation cost of the
prefabricated scheme was reduced by CNY 3.45 million compared to the conventional
scheme. In terms of transportation costs, although the transportation of prefabricated parts
has increased to some extent, considering the improvement of on-site construction efficiency,
the reduction of labor costs, and the reduction of rework costs due to quality improvement,
the overall cost is still effectively controlled. In this project, after comprehensive calculation
of various costs, the prefabrication scheme has significant cost savings compared to the
conventional scheme, fully reflecting the advantages of factory prefabrication in cost
control. With the increase in prefabrication quantity, the economic benefits will become
more significant.

5. Conclusions

This study systematically verified the core advantages of factory prefabrication tech-
nology in pipeline construction at oil and gas stations. By integrating key technologies,
such as 3D digital design, automated welding processes, intelligent non-destructive testing,
and modular transportation, a technical system covering the entire design, production,
testing, and transportation chain has been constructed. A management mode centered on
prefabrication factory planning, quality control, and supply chain collaboration has been
established to enhance the transparency and traceability of the construction process.

Research has shown that the prefabrication rate of DN50-DN600 pipelines reaches
70%, automated welding accounts for 80%, the total construction period is shortened by
about 36%, and efficiency is significantly improved. The coverage rate of non-destructive
testing is 100%, the pass rate of welding is over 96%, and the quality is comprehensively
optimized. Large-scale production reduces raw material loss by 10%, reduces full lifecycle
costs by 15%, saves CNY 3.45 million in case projects, and effectively controls costs. BIM
and IoT platforms enable visual traceability of the entire construction process, leading to
deep management innovation and effectively reducing safety accident rates.

Although this study has made economic and technological progress, current technol-
ogy promotion still faces some challenges. Large-diameter pipelines above DN600 are
constrained by transportation conditions and have insufficient prefabrication rates, requir-
ing on-site welding repairs. Cross-project and cross-process technology adaptability still
require standard support. The optimization of welding parameters and quality inspection
rely heavily on manual experience.

Looking ahead to the future, factory prefabrication of oil and gas station pipelines will
further develop on-site automated welding robots suitable for large-diameter pipelines,
deepen the application of artificial intelligence and new material technology, and fill the
boundary of factory prefabrication. It will also explore the deep integration of phased
array ultrasound and Al defect recognition to achieve real-time judgment of welding
inspection results, establish a cross-project modular database, promote standardized design
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of prefabricated components, and achieve full industry chain collaboration of prefabricated
factories. It is continuously playing a more important role in ensuring energy security,
optimizing engineering efficiency, and promoting the industry’s transformation towards
intelligence and a green direction.
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Abbreviations

The following abbreviations are used in this manuscript:

DN Nominal Diameter

BIM Building Information Modeling
P&ID Piping and Instrumentation Diagram
DEC PipeChina Design and Engineering Code
IoT Internet of Things

CNC Computerized Numerical Control
GTAW  Gas Tungsten Arc Welding

GMAW  Gas metal arc welding

FCAW  Flux-Cored Arc Welding

SAW Submerged arc welding

AUT Automated Ultrasonic Testing

PAUT Phased array ultrasonic testing

DR Digital Ray

CVR Central Video Recorder

NVR Network Video Recorder
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