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Abstract: Natural gas and oil are extracted from subterranean rock formations via hydraulic fracturing. This procedure
includes applying high pressure to a solution of water, sand, and chemicals to fracture the rock, allowing the gas and oil to flow
more freely. Hydraulic fracturing has been the topic of heated debate despite being used more frequently recently due to worries
about its potential effects on the environment and public health. The terminology, procedures, and proppants used in hydraulic
fracturing operations are all covered in this document. Also, it covers the environmental issues raised by hydraulic fracturing,
including as waste management and disposal and groundwater contamination. Economic benefits of hydraulic fracturing are
discussed, including increased domestic production, job creation, and reduction in dependence on foreign oil. Advancements and
innovations in hydraulic fracturing, including the use of alternative fluids, enhanced recovery techniques, and new technologies,
are also discussed. Finally, the paper concludes with a discussion of the future of hydraulic fracturing, including projections for
future growth, its impact on the energy industry, and the ongoing debate over its future. This paper aims to provide a
comprehensive and impartial overview of hydraulic fracturing, and to inform readers about the benefits and drawbacks of this
technology.
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the rock formation using specialized drilling equipment, and
the fluid mixture is then injected into the wellbore and into
the rock formation. The fluid mixture creates fractures in the
rock, and the sand proppant is used to keep the fractures open.
The fractures allow the oil and natural gas to flow more
freely into the wellbore, where it can be extracted [1].

The hydraulic fracturing process is highly engineered and
each step is carefully monitored to ensure the safety of the
environment and the workers involved in the operation. It is
important to carefully consider the induced seismicity
potential in energy technologies to ensure the safe and
sustainable use of hydraulic fracturing.

1. Introduction

Fracking, or hydraulic fracturing, is a procedure that
releases trapped oil and natural gas by injecting a solution of
water, sand, and chemicals into subsurface rock formations.
High pressure is applied to the fluid mixture as it is injected
into the rock, causing minor rock cracks that allow the
trapped hydrocarbons to escape. This method has been
employed for many years in the oil and gas sector to recover
resources from unconventional formations, including as shale
and tight sands. The development of new technologies and
techniques has allowed for a more widespread use of
hydraulic fracturing.

The definition of hydraulic fracturing encompasses the
various stages of the process, from the design and
construction of the wellbore to the injection of the fluid
mixture into the rock formation. The wellbore is drilled into

2. Brief History of Hydraulic Fracturing

The first trials with hydraulic fracturing, which increased
the flow of oil and gas from low-producing wells, were carried
out in the 1940s. The method was initially employed in
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vertical wells, but due to technological restrictions, its
application was constrained. Hydraulic fracturing didn't
become a practical way to reach unconventional oil and
natural gas deposits until the 1990s, when horizontal drilling
technology was developed. Energy corporations were able to
reach previously unreachable enormous deposits of oil and
natural gas thanks to the use of horizontal drilling and
hydraulic fracturing.

Over the last few decades, hydraulic fracturing has been
increasingly used to extract oil and natural gas from shale
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formations, which have become some of the most important
sources of domestic energy in the United States. In recent
years, the use of hydraulic fracturing has become a highly
controversial issue, with some arguing that the process is safe
and economically beneficial, while others argue that it poses
significant risks to the environment and public health [3].
Despite the debate, hydraulic fracturing has become a critical
component of the U.S. energy strategy and will likely continue
to play a major role in the industry for many years to come.
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Figure 1. Process of hydraulic fracturing [2].
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Figure 2. In Stephens County, Oklahoma, and Archer County, Texas, Halliburton performed the first two commercial fracturing procedures on March 17, 1949.
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3. Purpose of Hydraulic Fracturing

Increasing the flow of oil and natural gas from subsurface
rock formations, especially unconventional formations like
shale and tight sands, is the goal of hydraulic fracturing,
sometimes referred to as "fracking." A combination of water,
sand, and chemicals are injected into the rock formation under
high pressure to induce microscopic cracks that facilitate
easier passage of hydrocarbons into the wellbore. Increased
oil and gas flow can considerably boost a well's output,
making it feasible to recover previously undiscovered
resources on a financial basis.

The use of hydraulic fracturing has revolutionized the oil
and gas industry by allowing companies to access vast
reserves of domestic energy. The increased production has
led to a significant reduction in the country's dependence on
foreign oil, creating jobs and boosting local economies.
However, the environmental and public health implications
of hydraulic fracturing have sparked controversy and
debate. Despite this, hydraulic fracturing remains an
important part of the U. S. energy strategy and its use will
likely continue to play a significant role in the industry for
many years to come.

4. Process of Hydraulic Fracturing
4.1. Step by Step Explanation of Hydraulic Fracturing

The process of hydraulic fracturing involves several stages,
including the design and construction of the wellbore, the
injection of the fluid mixture into the rock formation, and the
monitoring and management of the fluid and gas flows. The first
stage, the design and construction of the wellbore, is critical to
the success of the hydraulic fracturing operation. The wellbore
must be designed to ensure that the fluid mixture is injected into
the correct formation at the correct depth, and that the well is
constructed in a safe and environmentally responsible manner.

Once the wellbore is constructed, the fluid mixture is
injected into the rock formation at high pressure, creating
fractures in the rock and releasing the trapped hydrocarbons.
The fluid mixture is carefully monitored during the injection
process to ensure that it is being delivered to the correct
location and at the correct pressure. The fluid and gas flows
are also closely monitored to ensure that the process is
proceeding as planned and that any issues can be quickly
addressed. The monitoring and management of the fluid and
gas flows is critical to the safety and environmental protection
of the operation, and to its economic success.
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Figure 3. Schematic illustration of hydraulic fracturing [5].

4.2. Geomechanics Usability in Hydraulic Fracturing

The development of fracking operations highly requires

implementing geomechanics analysis providing stress
measurements of either vertical or deviated wellbores. The
common idea analysis of hydraulic fracturing for calculating
stress magnitudes is first proposed by Hubbert and Willis [6].
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This approach also provides to determine stress orientation in
Figure 4. Zoback and Haimson [7] presented to estimate the
least principal stress magnitude. A basic definition of
geomechanics idea to do hydraulic fracturing is based on
tensile failure during exceeding fluid pressure over the least
principal stress magnitude.
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Figure 4. A demonstration of principal stress orientations around a circular
wellbore based on Kirsch 1898 proposal [8].

The least principal stress is obtained by applying hydraulic
fracturing or leak-off test in Figure 5. Depending on the
faulting system, the least principal stress can vary with the
magnitude values. Drilling-induced fracture is another type of
fracture based on increases in mud weight and results in lost
circulation cases [9]. Additionally, the knowledge of the
interpretation of maximum horizontal principal stress is a
crucial part of geomechanics. Once hydraulic fracturing is
induced, the pressurized fluid intends to go in the direction of
maximum horizontal stress providing simulating and
analyzing fluid interactions and rock deformations.
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Figure 5. A demonstration of leak-off test varying stress values based on fluid
pump [8].
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4.3. Types of Fluids Used in Hydraulic Fracturing

In hydraulic fracturing, a fluid mixture consisting of water,
sand, and various chemicals is employed. The sand and
chemicals are carried into the rock formation by water, which
is also used to fracture the rock. In order to maintain the cracks
open and improve the flow of oil and natural gas into the
wellbore, sand, also known as proppant, is utilized. The
addition of the chemicals improves the flow of the fluid
mixture into the rock formation while also reducing friction
and inhibiting bacterial development.

Figure 6. Fracturing Fluid Composition [9].

The composition of the fluid mixture and the choice of
chemicals can have a significant impact on the success of the
hydraulic fracturing operation, as well as its environmental
impact. Energy companies must balance the need for effective
and efficient hydraulic fracturing operations with the need to
minimize the impact of the chemicals on the environment and
public health. The use of chemicals in hydraulic fracturing has
become a highly controversial issue, with some arguing that
the risks posed by the chemicals are overstated, while others
argue that the risks are significant and that the use of
chemicals should be regulated more closely. Despite the
debate, the use of chemicals in hydraulic fracturing remains an
important aspect of the process, and energy companies must
continue to find ways to minimize their impact while still
achieving the goals of the operation.

4.4. Proppants Used in Hydraulic Fracturing

Proppants are a critical component of hydraulic fracturing
operations, as they serve to hold open the fractures in the
rock created by the injection of the fluid mixture. The
primary types of proppants used in hydraulic fracturing are
sand, ceramics, and resin-coated sand. Sand is the most
commonly used proppant, as it is readily available and
inexpensive. Ceramics, on the other hand, are more
expensive but offer better performance in high-pressure,
high-temperature environments. Resin-coated sand provides
a balance between cost and performance, and is a popular
choice for many hydraulic fracturing operations.
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Figure 7. Distribution of proppants in channel fracturing (rvight) and
conventional fracturing (left) [10].
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The selection of the proppant used in a hydraulic fracturing
operation is based on a number of factors, including the
characteristics of the rock formation, the desired production
rate, and the environmental conditions at the well site. The
choice of proppant can have a significant impact on the
success of the hydraulic fracturing operation, as it can affect
the size and longevity of the fractures, as well as the flow of
oil and natural gas into the wellbore. It is of considerable
significance to highlight that in the hydraulic fracturing
process, sand or other similar materials are pumped into the
fracture to keep it open. The slurry moves these proppant
particles in an upward, outward, and downward orientation as
they travel along the fracture. The proppant particles may
settle inside the fracture as a result of gravitational forces.
Therefore, proppant dis-embedment and displacement can
occur due to the gravitational forces acting on the proppant
particles. Another factor that can contribute to this is the
decreasing of the in-situ stress as the reservoir pressure
declines. In this case, it is vital to perform an accurate
estimation of in-situ stresses, as it is of great importance in the
oil and gas industry from the exploration to the field
development and production phases [11]. To illustrate this
phenomenon, it has been demonstrated that severe slugging
can influence the width of hydraulic fractures and impact their
aperture over time. This indicates a potential risk of proppant
dis-embedment and displacement [12]. The development of
new proppant technologies and materials continues to be an
area of active research, as energy companies seek to improve
the performance of their hydraulic fracturing operations
[13-16].

5. Environmental Concerns

5.1. Groundwater Contamination

Hydraulic fracturing has been widely recognized as a safe
and effective method for extracting natural gas and oil, and
with proper precautions in place, it poses a minimal risk to
groundwater resources. The injection of fluid into the rock

formation is carefully monitored and managed to ensure that
no contaminants are released into the surrounding
environment. Energy companies take great care to construct
and seal the wellbore properly to prevent any release of
chemicals into the aquifer, and to monitor the water quality
in the vicinity of the wellbore.

While there have been isolated reports of groundwater
contamination in areas where hydraulic fracturing operations
have taken place, these incidents are rare and are often due to
factors such as poor well construction or inadequate fluid
management practices, rather than the fracking process itself.
The benefits of hydraulic fracturing are substantial, including
increased domestic production, job creation, and reduced
dependence on foreign oil. The energy industry is
continuously innovating and finding new ways to minimize
the environmental impact of hydraulic fracturing, making it a
valuable and sustainable energy production technique for the
future.

5.2. Waste Management and Disposal

Waste management and disposal is a major environmental
concern associated with hydraulic fracturing operations, as
the large volumes of fluid and other materials generated
during the process can pose a threat to water and air quality if
not properly managed. The waste generated by hydraulic
fracturing operations includes the fluid used in the fractures,
as well as the flow back fluid that returns to the surface after
the fractures have been created. This fluid can contain toxic
chemicals, heavy metals, and other contaminants, and must
be properly managed and disposed of to minimize the risk of
environmental damage.

In addition to fluid waste, hydraulic fracturing operations
also generate solid waste, including drill cuttings, filter cakes,
and other materials. These materials can also contain
contaminants, and must be properly managed and disposed of
to minimize the risk of environmental damage. To minimize
the environmental impact of hydraulic fracturing waste,
energy companies must utilize best practices for waste
management and disposal, including the use of closed-loop
systems that minimize the release of contaminants into the
environment and the proper disposal of solid waste in lined
landfills or other secure facilities. In addition, energy
companies must monitor the water and air quality in the
vicinity of the well site and respond quickly to any
indications of contamination.

While there have been isolated reports of environmental
damage from hydraulic fracturing waste, energy companies
have taken proactive steps to minimize these impacts through
careful management of waste materials and adherence to
industry regulations. The ongoing debate about hydraulic
fracturing has also driven calls for greater transparency in the
industry and a more comprehensive understanding of the
benefits and risks of this important energy production
technique. With continued efforts to minimize its impact,
hydraulic fracturing is well positioned to be a responsible and
sustainable solution to the world's energy needs.
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6. Economic Benefits of Hydraulic
Fracturing

Hydraulic fracturing has had a significant impact on the
energy industry and has provided numerous economic benefits,
including an increase in domestic oil and gas production, job
creation, and a reduction in dependence on foreign oil. One of
the primary economic benefits of hydraulic fracturing is an
increase in domestic oil and gas production, which has had a
positive impact on the energy market. The process has allowed
for the extraction of previously untappable oil and gas reserves,
leading to increased production and reduced reliance on
imports. This has not only helped to reduce the cost of energy
for consumers, but has also created new opportunities for
domestic oil and gas companies, boosting economic growth
and job creation in the industry.

In addition to increasing domestic oil and gas production,
hydraulic fracturing has also created jobs in the energy sector,
as well as in industries that support the drilling and
production process. From roughnecks to engineers, hydraulic
fracturing has created employment opportunities across a
wide range of industries, providing a boost to local
economies and helping to reduce unemployment. Finally, the
increased domestic oil and gas production made possible by
hydraulic fracturing has helped to reduce dependence on
foreign oil, which has important national security
implications. By reducing the amount of oil imported from
abroad, the country is less vulnerable to supply disruptions,
price spikes, and other geopolitical risks.

In conclusion, hydraulic fracturing has had a major impact on
the energy industry and has provided a wide range of economic
benefits, including increased domestic oil and gas production,
job creation, and reduced dependence on foreign oil. While there
are environmental concerns associated with the process, these
benefits cannot be ignored and must be considered when making
decisions about the future of energy production.

7. Advancements and Innovations in
Hydraulic Fracturing

7.1. Alternative Fluids in Hydraulic Fracturing

Hydraulic fracturing has traditionally used water-based
fluids, but alternative fluids such as carbon dioxide and
nitrogen have been introduced to reduce the environmental
impact of the process. These alternative fluids offer several
benefits, including reduced water usage, lower risk of
contamination, and improved production efficiency. Carbon
dioxide-based fracturing fluids have shown to increase the
production of oil and natural gas while reducing the water
consumption and environmental impact of the hydraulic
fracturing process.

7.2. Enhanced Recovery Techniques in Hydraulic
Fracturing

The development of enhanced recovery techniques has

A Glance on Hydraulic Fracturing: Benefits, Concerns, and Future

played a crucial role in improving the efficiency and
productivity of hydraulic fracturing. Multi-stage hydraulic
fracturing is one such technique that allows for the
simultaneous stimulation of multiple stages within a single
well, resulting in increased production of oil and gas.
Multi-stage hydraulic fracturing can significantly increase the
production of unconventional oil and gas resources while
reducing the number of wells required to extract the same
amount of resources.

7.3. Technological Advancements in Hydraulic Fracturing

New technologies have played a critical role in optimizing
the hydraulic fracturing process, making it safer, more
efficient, and more environmentally friendly. Advanced
sensors and monitoring systems have been developed to
improve the accuracy and reliability of the hydraulic
fracturing process, while more efficient and effective
hydraulic fracturing equipment has been introduced to reduce
downtime and increase production. The integration of
advanced technologies in hydraulic fracturing has shown to
significantly increase the production of oil and gas while
reducing the environmental impact of the process.

8. Future of Hydraulic Fracturing

The future of hydraulic fracturing is a subject of much
debate and speculation in the energy industry. Projections for
future growth vary, but it is generally accepted that hydraulic
fracturing will continue to play a significant role in the energy
industry in the years to come. The impact of hydraulic
fracturing on the energy industry is multifaceted, as it has the
potential to increase domestic oil and gas production, create
jobs, and reduce dependence on foreign oil. The future of
hydraulic fracturing holds great promise, with numerous
benefits that are increasingly being recognized and
acknowledged. As the energy industry continues to grow and
evolve, hydraulic fracturing will play a crucial role in shaping
a sustainable energy future. The debate over its impact and use
is natural, however, it is important for all stakeholders to come
together, consider all the facts, and work towards finding a
positive and productive solution that leverages the many
advantages of hydraulic fracturing.

The growth of hydraulic fracturing is projected to be strong,
and its impact on the energy industry will be immense. The
energy industry is continuously evolving, and as it does, the
role of hydraulic fracturing will become increasingly
important. By embracing this technology and working
together, the industry can ensure that hydraulic fracturing is
used in a safe, responsible, and sustainable manner, for the
benefit of all.

9. Conclusion

The conclusion of a review article on hydraulic fracturing
should summarize the key points made in the preceding
sections and provide some final thoughts on the future of this
important energy extraction technique.
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9.1. Summary of Key Points

Fracking, commonly known as hydraulic fracturing, is a
method for removing oil and natural gas from subterranean
deposits. In order to release trapped hydrocarbons using this
technique, a high-pressure injection of a solution of water,
sand, and chemicals into the well causes the formation to split.
The process of hydraulic fracturing has been widely used for
decades, but has recently come under scrutiny due to concerns
about its environmental impact, particularly with regards to
groundwater contamination and waste management. Despite
these concerns, hydraulic fracturing has also been shown to
have significant economic benefits, including an increase in
domestic oil and gas production, job creation, and a reduction
in dependence on foreign oil. In addition, the industry has seen
numerous advancements and innovations, including the use of
alternative fluids, enhanced recovery techniques, and the
development of new technologies.

9.2. Final Thoughts on the Future of Hydraulic Fracturing

In conclusion, hydraulic fracturing will likely continue to
be a controversial and hotly debated issue in the energy
industry for years to come. While there are certainly
environmental and public health concerns associated with this
technique, there are also compelling arguments in favor of
hydraulic fracturing as a means of increasing domestic energy
production and reducing dependence on foreign oil?
Ultimately, the future of hydraulic fracturing will depend on
the ability of stakeholders to balance these competing interests
and find a sustainable path forward.

As the energy industry continues to evolve and change, it
will be important for researchers, policymakers, and industry
leaders to work together to find solutions that promote
economic growth, energy security, and environmental
sustainability. Whether hydraulic fracturing will play a central
role in this future remains to be seen, but it is clear that this
technique will continue to be an important and highly debated
issue in the years to come.
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