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Abstract

This article explores the durability of pipes in the oil and gas industry, focusing on critical aspects such
as remaining life, anti-wax coatings, life extension strategies, and the implications of oil spills and leaks.
Corrosion is identified as a significant threat to pipeline integrity, influenced by various corrosive
substances. Standards like API 581 and API 571 help assess corrosion rates and remaining life of
pipelines transporting different crude oils. Additionally, the challenge of paraffin deposition during
crude oil transportation is addressed, highlighting advanced coatings and techniques to mitigate this
issue. The article also discusses life extension strategies for aging pipelines, emphasizing the need for
multidisciplinary approaches and potential reliance on external engineering services. Notable case
studies, such as the trans-Alaska oil pipeline, illustrate successful life extension initiatives that enhance
operational efficiency and economic viability. Furthermore, the consequences of oil spills and leaks are
examined, revealing their environmental impacts and the importance of timely response measures. The
study incorporates numerical analyses to evaluate the effects of leakage position on crude oil diffusion
in underground pipelines, offering insights for improved safety and emergency management. Overall,
the findings underscore the need for robust management practices to ensure the longevity and reliability
of pipeline systems in the oil and gas sector.

Keywords: Durability, oil and gas industry, corrosion, paraffin deposition, pipeline integrity,
environmental impact, oil diffusion

INTRODUCTION

The durability of pipes in the oil and gas industry is critical for ensuring safe and efficient operations.
As these pipelines transport hydrocarbons across vast distances, they face significant challenges such
as corrosion and paraffin deposition, which can compromise their structural integrity. This calls for
constant evaluations and creative fixes to reduce hazards and increase the longevity of these essential
infrastructures. Understanding the factors affecting pipeline durability is essential for maintaining safety
standards and minimizing environmental impacts in oil and gas transportation [1].

Remaining Life

Process piping is a vital component of petroleum refineries all over the world because it is used to
transport hydrocarbons from one place to another. A
natural potential hazard connected to oil and gas
transportation infrastructure is corrosion, which is
the destructive attack of material by reaction with its
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service fluids including corrodents such sulfur, H2S,
HCI, CO., organic and inorganic acids, and external
surroundings. During the duration of operation,
these process pipes are exposed to corrosion.
Several possible damage mechanisms for pre-heated
crude inlet pipework to atmospheric distillation
columns are recognized using American Petroleum
Institute standards such as API 581 and API 571.
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Sulfidic and naphthenic acid corrosion at high temperatures make up the majority of these damage
mechanisms. The corrosion rates of two crudes—Kuwait crude and Arab Extra Light Crude—were
calculated using API 581. Using ASME B 31.3, retirement thickness for this piping is calculated [1].
The corrosion rate, current thickness, and retirement thickness of the piping are used to estimate the
remaining life.

The development of the petroleum industry has been greatly aided by the transportation of oil and
gas via pipelines and piping from the reservoir to the processing facilities. Over the course of operation,
corrosion—which is the destructive attack of material by reaction with its service fluids containing
corrodents like sulfur, H2S, HCI, CO,, organic and inorganic acids, and external environments—is quite
normal for these pipelines and piping and could be dangerous for facilities that transport gas and oil.
This is one of the main elements influencing the durability and dependability of the piping and pipelines
used to transport crude oil. In order to lessen the effects of corrosion on these piping and pipelines,
several steps were taken to reduce the presence of these corrodents. The effects of corrosion cannot be
totally eliminated because it is an ongoing process. However, by taking the right control and mitigation
measures, its effects could be greatly reduced, helping businesses save a lot of money [2].

Anti-wax Coat

During the production and transportation of crude oil, paraffin deposition is a serious global issue.
Among the often employed methods to stop paraffin deposits from forming are mechanical cleaning,
coating the pipe to reduce paraffin adherence and create a smooth surface, electric heating, ultrasonic
and microbiological treatments, the use of paraffin inhibitors, etc. In addition to having the benefits of
easy preparation and widespread application, pipeline coatings also maintain a long-lasting, stable
effect. Research on pipe coatings for reducing and avoiding paraffin deposition has made significant
strides in recent years. Several novel hyper hydrophilic organogel coatings with low surface energy
were effectively produced through the use of bionic design. The various coating types for preventing
wax deposition in the petroleum industry are reviewed in this paper. Also briefly discussed are the
research opportunities and directions in this quickly evolving field.

Crude oil, sometimes known as "black gold," is the "blood of modern industry." In addition to giving
people energy, it is an essential chemical raw ingredient. Crude oil is a thick, dark brown liquid that is
a mixture of several hydrocarbons. Paraffin is one of the essential components of crude oil. The majority
of the straight-chain saturated hydrocarbons in paraffin are n-alkanes, with isoparaffins, naphthenes,
and very few aromatic hydrocarbons making up the remainder. The typical melting point of paraffin is
between 30 and 70°C. Chinese crude oil is a heavy conventional oil that has a high pour point, a high
wax content, a low heptane asphaltene content, and a relative density of 0.85 to 0.95.

During the extraction and transportation of petroleum, the wax that has been dissolved in the crude
oil will, to some degree, crystallize and precipitate. It will then adsorb and deposit in the inner walls of
the tubing, casing, and other equipment [2]. Oil fields all over the world are plagued by the issue. Wax
accumulation on petroleum pipelines' inner walls will decrease or obstruct the effective flow area,
raising pump loads and flow resistance while reducing the life of sucker rods and other equipment. This
will not only cause significant economic losses due to decreased productivity, but it will also harm the
machinery that is being used. In extreme cases, production must be halted in order to clear the pipeline
of wax [3].

Life Extensive

The choice of the most effective strategy is influenced by a number of variables, including (i) the
operator's corporate philosophy and the need for confidentiality. In the most extreme case, where asset
condition may be poor, market confidence may be reduced and may have an adverse effect on the
operator's reputation or share value; (i1) consideration is given to the resources' availability in terms of
technical capability, time, and budget. For life extension assessments to be credible and accurate, a
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multidisciplinary approach is necessary. Technical expertise may come from within the organization,
from outside third parties, or from a combination of the two. Life extension assessments can be time-
consuming and technically difficult depending on the complexity of the pipeline system and the quantity
and quality of historical integrity management data; this is especially true when new problems emerge.
Because of this, many operators decide to use outside engineering services. Depending on the
complexity of the pipeline system and the quantity and quality of historical integrity management data,
life extension assessments can be time-consuming and technically challenging; this is particularly true
when new problems start to appear [3]. Many operators choose to use outside engineering services as a
result.

Risky Approval

The lifespan of the trans-Alaska oil pipeline is actually lengthening as it gets older. In 1977, oil started
to flow through the 800-mile conduit, which was expected to carry crude and other petroleum products
from Alaska's North Slope to the ice-free port of Valdez for 35 years, or until 2011. But in 2003, the
pipeline received a fresh lease on life. The federal government extended the line's right of way for
another 30 years, extending its apparent life expectancy to 2034. On behalf of the pipeline's owners,
operator Alyeska Pipeline Service Co. invested hundreds of millions of dollars in various upgrades and
enhancements aimed at increasing the conduit's effectiveness and lowering its cost. The improvements,
referred to as the Strategic Reconfiguration effort, marked the end of almost 35 years of ongoing
pipeline operational improvement. They took the majority of the previous decade to complete [4]. The
work also occurred at the same time that the line's average daily flow of oil increased from around
300,000 barrels shortly after start up to a peak of 2.1 million in 1989, before gradually declining to an
average of about 700,000 in 2009. The pipeline's economic life was recalculated in June by a review
board of the State of Alaska's tax division, which predicted that it would continue to operate until 2042.

Oil Spillage

The scene of an oil spill from a crude oil pipeline is introduced in this context. The oil spill is
described in a brief narrative, but the paper also contains a number of images that were taken at the
accident sites. The images follow the sequence of events that occurred during the accident. Pictures
allow us to follow and see the ferocity of the events. The context influences how oil spills are perceived
and understood by the researcher working in this area. There are numerous papers on oil spills that
cover oil spill transport modeling, risk analyses, ESIA (Environmental and Social Impact Assessment),
behavior of oil in land and marine areas, and other spill-related issues. An actual oil leak from a crude
oil pipeline is introduced and explained through images. The 18-inch crude oil pipeline ruptured,
resulting in a spill accident. A landlocked area experienced an oil spill of nearly 40.000 barrels. Since
the spill did not occur on land, at sea, or in a lake, it was extremely unusual. It was a dam lake spill,
which was very important because water is used for domestic and agricultural irrigation. An 18-inch
crude oil pipeline that had previously been removed from the lake area to prevent accidents caused the
accident. The rupture most likely resulted from a backhoe hit while excavation work was being done.
Then, oil from the busted pipeline poured into the lake through an irrigation channel. The pipeline
administration was not ready for such a situation, and the necessary tools were not present. The cleaning
crews made an effort to recover oil using equipment they could buy locally. Within a week, the modern
equipment reached the area, and modern recovery started and was completed. Due to the fragile nature
of the area, shorelines were cleaned by hand, and the gathered debris was stored in both inside and
outside storage facilities [5]. The remaining oil was recovered and taken from the water and shorelines;
at the end, 25.000 barrels of oil were collected. Although the dam lake is a very large body of water,
some light volatiles that are dissolved in water may end up downstream, and the impact on agriculture
was minimal. For the purpose of recovering the oil from the water, fish netted booms were prepared. In
these conditions, the environment was protected to the fullest extent possible [4,5].

Underground Leaked
Despite the importance of underground pipeline transportation for crude oil, there aren't many studies
that address the consequences of pipeline leakage positions in the literature. The influences of a
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pipeline's leakage position on the underground diffusion of crude oil were numerically examined in this
study to close the gap. The findings indicated that the shape of crude oil diffusion is significantly
influenced by the position of the leak. When the leakage positions are found at the top, side, and bottom
sections of the pipeline, the diffusion contour of the crude oil transforms from shapes of inverted U and
ellipse to circles. Based on numerical findings, it was known that the position of the leak has little
impact on the axial diffusion width and radial diffusion depth of crude oil. To forecast the radial
diffusion depth and axis diffusion width, empirical relationships were created. The study's findings offer
technical advice for the safety of underground pipeline transportation and the associated emergency
management.

The majority of other liquid fuels are derived from oil, making it a significant liquid fuel. It is created
by refining petroleum, also known as crude oil, which is a complex mixture of hydrocarbons with a
wide range of molecular weights. Crude oil, also known as unprocessed petroleum, is a viscous, dark
brown, greenish-fluorescent liquid with a distinct odor. Alkanes, aromatic hydrocarbons, and olefins are
among the liquid hydrocarbons that make up this mixture. Due to the flammability and explosivity of
crude oil, which is transported primarily via underground pipeline, the relevant accidents typically begin
with a leak. Oil leakage can be caused by mechanical failure, operational error, a natural disaster,
pipeline corrosion, third party activity, and sabotage. Between 1976 and 1998, there were 5,724 leakage
accidents in Nigeria, according to a statistic. Since an estimated 40% of the global pipeline network has
already exceeded its 20-year project life, the situation is getting worse. Crude oil transportation via
pipeline is important for protecting people's lives and property as well as for preventing environmental
pollution. If the oil leak is not stopped in a timely manner, the gradient of gravity and concentration will
cause the oil to move quickly through porous media, such as soil. When the leakage flow comes into
contact with surface or underground water flow, the situation worsens and the diffusion processes may
be sped up, leading to serious soil and water resource pollution. If there is a significant leak, the oil that
seeps through the soil will continue to slowly infiltrate the upper section of the pipeline until it reaches
the surface and begins to build up on the ground. When it comes into contact with an open flame, a high
temperature, or even radiation (such as solar radiation), serious fire or explosion accidents may occur.
The dynamic process is more difficult than the leakage of pipelines laid on the ground because the
diffusion of leaks from buried pipelines is invisible. To address the influences of factors on the diffusion
processes of oil products, numerical tools have been used extensively. Descriptive used a numerical tool
to simulate the oil pipeline leakage point and display the temperature and velocity distributions. It is
suggested that Fluent software was used to analyze the oil flows from damaged submarine pipelines
with various sizes of leaks. The difficulty of conducting experiments and the subsequent underground
measurements account for a large portion of the high volume of numerical studies. These numerical
tools might work well for the pertinent analysis that follows validation and can offer more specific data
when compared to experiments. For instance, the numerical outcomes can show the oil concentration
contour, which is somewhat impractical for experiments. Although previous research focused primarily
on the oil diffusion mechanisms, less work was done on the effects of leakage position. Quantitative
information about the effects of the leakage positions on the diffusion of crude oil is still lacking from
the fundamental perspective. For instance, Respect studied how physical factors like soil porosity and
salt content affected the migration of oil products in porous media. By simulating the diffusion and
migration processes of Light Non-Aqueous Phase Liquid (LNAPL) in sandy unsaturated soils,
Suggestive investigated how residual saturation affected oil recovery [6]. The seepage velocities of
gasoline were subsequently discovered to be three (sandy till and peat) to five (gravely sand) times
faster than those of diesel oil. Through one-dimensional sand column experiments, Respect examined
the oil migration properties in sandy porous media. The processes of crude oil leakage through
underground pipeline were therefore numerically analyzed in order to fill the aforementioned research
gap, and the effects of the leakage position on underground oil diffusion were addressed. Additionally,
empirical relationships for predicting underground oil diffusion were developed [6,7].

Factors affecting pipeline longevity in petroleum include: Figure 1
Corrosion: Exposure to water, chemicals, and salts can cause metal deterioration.
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Material quality: Stronger materials (e.g., steel, polyethylene) resist wear and environmental damage.
Maintenance: Regular inspections and repairs extend pipeline life.
Pressure and temperature: High operational stresses can weaken pipelines over time.

Environmental conditions: Extreme climates, soil movement, and seismic activity can reduce
lifespan.

Pipeline design: Proper design, including coatings and cathodic protection, helps prevent damage.
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Figure 1. Factors affecting pipeline longevity in petroleum include.

Methodology

This study employed a comprehensive literature review to analyze the factors affecting pipeline
durability, focusing on corrosion rates, paraffin deposition, and leak management strategies. Standards
from the American Petroleum Institute (API) were utilized to assess remaining life and corrosion
mechanisms in various crude oil types. Additionally, case studies, such as the trans-Alaska oil pipeline,
were examined to illustrate practical applications of life extension assessments and technological
upgrades. Numerical modeling was applied to investigate the diffusion patterns of oil leaks, offering
empirical relationships for predicting underground oil behavior [8-10].

CONCLUSION

The findings underscore the importance of proactive maintenance and innovative technologies in
enhancing the durability of pipelines in the oil and gas industry. By addressing challenges such as
corrosion and paraffin deposition, operators can significantly improve the safety and efficiency of oil
transportation. In addition to safeguarding the environment, putting into practice thorough life extension
plans and efficient leak management techniques will guarantee the long-term sustainability of vital
pipeline infrastructure.
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