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ABSTRACT

In order to facilitate the production and transfer of hydrocarbons from offshore reservoirs,
installing and connecting a variety of equipment and systems on the seafloor is known as subsea
well completion. This is a difficult and complicated process. Subsea well completion process
design and optimization need taking into account a number of variables, including
environmental effect, dependability, and efficiency. The state-of-the-art methods and
technologies for subsea well completion are reviewed in this article, along with the ways that
advanced subsea equipment like compression, boosting, and subsea processing can improve the
sustainability and performance of subsea production systems. We furthermore pinpoint the
primary obstacles and prospects for the assimilation and execution of these technologies within
the oil and gas sector.
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INTRODUCTION
About 30% of the world's energy supply comes from offshore extraction of oil and gas, making
it an essential source for the global economy [1]. The difficult reservoir conditions and vast
distances from the coast present considerable technical, financial, and environmental hurdles
for offshore production, particularly in deep and ultra-deep-sea regions. Subsea test trees,
manifolds, pipelines, umbilicals, risers, and floating production units are just a few of the
subsea technologies and systems that the offshore industry has developed and implemented to
address these issues and enable the safe and effective extraction and transportation of
hydrocarbons from subsea wells [2].
Subsea well completion, which includes installing and connecting the subsea systems and
equipment that regulate and track the flow of hydrocarbons from the reservoir to the surface,
1s one of the most important and intricate tasks in offshore production. Completing a subsea
well involves meticulous planning and execution because any mistake could lead to production
losses, operational risks, and environmental harm. Consequently, the sustainability and
success of offshore projects depend on the optimization of subsea well completion procedures.
By incorporating cutting-edge subsea equipment that can enhance the effectiveness,
dependability, and environmental impact of subsea production systems, subsea well completion
procedures can be optimized. These include devices like subsea processing, boosting, and
compression, which can operate on the seabed to accomplish a variety of tasks like separation,
treatment, pressure augmentation, and flow assurance, negating the need for topside
infrastructure and long-distance flowlines. . There are a number of advantages to integrating
these devices, including better recovery, cheaper expenses, longer field life, and fewer
emissions. [4].
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The integration of cutting-edge subsea technology does, however, present various difficulties,
including those related to technological complexity, operational unpredictability, regulatory
compliance, and market acceptance. Consequently, a thorough examination of these
technologies' technical viability, economic feasibility, and environmental impact is necessary
before they can be adopted and implemented in the oil and gas sector. Best practices and
standards for their design and operation must also be determined.

By examining the most recent cutting-edge techniques and technologies for completion subsea
wells and talking about how integrating cutting-edge subsea equipment might improve the
efficiency and sustainability of subsea production systems, I hope to offer such an analysis in
this paper. Additionally, list the primary obstacles to and opportunities presented by the
adoption and application of these technologies in the oil and gas sector.

TECHNOLOGIES AND PRACTICES FOR SUBSEA WELL COMPLETION
Subsea well completion is a broad term that encompasses a range of activities and operations
that are performed to prepare a subsea well for production. These activities and operations can
be classified into three main categories: upper completion, lower completion, and production
tree installation [2].
Upper completion is the process of installing the tubing hanger and tubing string, which are
used, respectively, to support and seal the tubing string in the wellhead and to transport fluids
from the reservoir to the surface. The installation of different downhole instruments and
sensors, including as gauges, packers, flow meters, and valves, which regulate and track the
fluid flow in the tubing string [2], is another aspect of upper completion.
Installing the sand control and perforating systems, which are needed to establish and maintain
the flow channels between the reservoir and the wellbore, is referred to as lower completion.
Explosive charges are used in perforating systems, which explode to make holes in the
formation and casing that let fluids enter into the wellbore. Sand control methods stop sand
and fines from migrating into the wellbore [3] by placing screens, gravel packs, or resin-coated
proppants in the perforated intervals. (Fig. 1.)
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Figure 1. Equipment deployed during Upper and Lower Completion
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The subsea tree and subsea control module, which are used to control and manage the fluid
flow from the wellhead to the manifold or flowline, are installed during the production tree
installation process. Subsea trees are made up of different chokes, valves, and connections that
are utilized to enable intervention and maintenance activities in addition to isolating, adjusting,
and diverting fluid flow. The several hydraulic, electrical, and optical parts that make up subsea
control modules are used to transmit and carry out orders from the surface to the subsea tree
Fig. 2

With advancements in materials, pressure, and temperature ratings, as well as in subsea well
access and intervention techniques, the technology and procedures for subsea well completion
have changed dramatically over time. Modern techniques and technology for finishing subsea
wells include the following:

Reduced operational time, costs, and risks can be achieved by installing tubing hangers with a
one-trip, single-system, umbilical-less method. This method can cut down on the number of
trips and connections needed to install the tubing string and hanger and does away with the
need for a separate control umbilical. [3].

- Intelligent completion systems, which have the capacity to incorporate a variety of downhole
instruments and sensors that are remotely operative and observable from the surface,
permitting real-time well performance management and optimization in addition to early issue
identification and diagnosis.[1].

- Multilateral and multibranch completions, which can provide several flow routes from various
reservoir zones or locations, raising the reservoir's exposure and drainage while lowering the
quantity of wells needed to develop a field, leading to higher recovery and fewer wells needed.
- Subsea well stimulation systems, which can perform various reservoir enhancement
techniques, such as hydraulic fracturing, acidizing, or water injection, on the seabed, improving
the productivity and injectivity of subsea wells, as well as reducing the need for topside facilities
and intervention vessels, resulting in increased recovery, reduced costs, and lower emissions .
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Figure 2. Common sketch of Subsea Completions Landing String
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INTEGRATION OF ADVANCED SUBSEA EQUIPMENT FOR SUBSEA WELL
COMPLETION OPTIMIZATION

In conjunction with the traditional subsea well completion equipment and systems, such as
subsea trees, manifolds, pipelines, umbilicals, risers, and floating production units, the
integration of advanced subsea equipment for subsea well completion optimization refers to the
incorporation of additional subsea equipment and systems that can perform various functions,
such as separation, treatment, pressure enhancement, and flow assurance, on the seabed.
Examples of such cutting-edge subsea systems include:
- Subsea processing systems, which can treat produced fluids to meet specifications and
separate them into gas, oil, and water phases on the seabed, lessening the strain and complexity
on topside facilities and enhancing the productivity and quality of the production process.
- Subsea boosting systems, which may overcome pressure losses and flow limits brought on by
long-distance and deep-water transportation, as well as improve the recovery and exploitation
of the reservoir energy [5]. By raising the pressure and flow rate of the generated fluids on the
seabed, these systems can overcome their limitations.
- Subsea compression systems, which can compress the produced gas, on the seabed, reducing
the volume and increasing the density of the gas, facilitating the transportation and injection
of the gas, as well as improving the recovery and utilization of the gas resources [6].
The integration of these advanced subsea equipment can offer several benefits for the
optimization of subsea well completion processes, such as:
-Enhanced recovery can be achieved through the application of subsea processing, boosting, and
compression, which can improve reservoir exposure and drainage as well as the productivity
and injectivity of subsea wells [7]. This can also extend the field life and postpone the decline of
mature fields.
-Reduced costs can be achieved through the application of subsea processing, boosting, and
compression, which can lessen the load and complexity of the production and transportation
systems and improve the availability and reliability of the subsea equipment. Simplified and
downsized topside facilities and subsea infrastructure. Reduced operational and maintenance
requirements and interventions.
- Reduce emissions by limiting the amount of gas that is flared, vented, and burned. - Lower
fuel consumption and greenhouse gas emissions from topside facilities and intervention vessels
by using subsea processing, boosting, and compression. These techniques can help with gas
transportation and injection while also enhancing the sustainability and efficiency of the
production process [8].

CONCLUSIONS
1. Subsea Completions: Hydrocarbon extraction from subsea wells using subsea completions
has shown advantages for offshore oil and gas projects in terms of the environment and the
economy.
2. Technological and Regulatory difficulties: Both technological and regulatory difficulties
present potential and barriers for the increased usage of subsea completions.
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3. Advanced Technologies: To guarantee long-lasting and serviceable subsea equipment,
advanced technologies are requiredl.

4. Rules: To ensure that the best practices and technology are taken into account when making
decisions that impact subsea operations and the future of subsea well access1, reasonable rules
are also required.

5. Subsea completions and well completions: A well completion is the process of turning a single
borehole into a functioning system for the managed extraction of subterranean hydrocarbon
resources. An offshore or onshore facility that stores and offloads hydrocarbons generated from
separately completed wells is known as a subsea completion. It is a network of pipelines,
connectors, and valves that are installed on the sea floor.

6. Progress in Subsea Well Access: Over the last few years, there have been notable
developments in subsea well access. Later developments resulted in lower operating costs and
the ability to install tube hangers without an umbilical cord in a single trip using a single
system.

7. Effective Subsea Well Access: One of the upstream offshore petroleum industry's most
notable achievements has been the creation of technology that enables straightforward but
effective subsea well access to conduct operations in more complicated scenarios.

8. Subsea well access and completion technology advancements have made it possible to drill
more complex well patterns to deeper depths, allowing for the development of additional
hydrocarbon resources farther from the drilling or production structure. This has increased
energy production potential while minimizing environmental impact, despite the well patterns
becoming more complex.
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