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Abstract

Drilling work needs to go through different layers of rock underground to reach deep spots, which is key for taking out oil and
gas. Drilling liquid, often called drilling mud, is very important for the safety and success of this work. The liquid does a few
vital things: it keeps pressure in the wellbore so that fluids from formations do not get into the well; it cools and greases the
drill bit to lessen wear; and it moves rock pieces from the wellbore up to the top for removal. But, even with its role, managing
drilling fluid brings big problems with loss of fluid being one of most serious. Fluid waste happens when the liquid leaks into
nearby stone layers through natural cracks, breaks, or holey areas. This event can mess up the drilling work and cause big risks
for operations. The waste of drilling fluid causes a drop in well pressure which if not managed right can cause walls to fall
down or even huge blowouts where gas or oil uncontrollably come out to the top. Such blowouts create serious dangers for
workers and can lead to large harm to nature. Also, handling fluid waste has important money issues Every time a liquid used
for drilling is lost to the ground, more liquid must be made and pushed into the hole, raising the costs quite a bit. These extra
costs also cause waits in project schedules, which can affect how well the drilling goes. In the process, this constant
requirement for additional drilling fluid creates logistical burdens and challenges in wellsite management. Moreover, the
indiscriminate leaking of drilling mud into rock strata can pose environmental threats through contaminating freshwater
aquifers and providing an enduring impact on underground ecosystems. As such control of fluid loss is a matter not only of
operational performance but also an environmental and regulatory issue. This study is focused on the most critical problem of
drilling fluid loss and investigating approaches to enhance the performance of drilling fluids against harsh downhole
conditions. The study aims to improve well integrity and safety, in addition reduce the environmental footprint associated with
drilling operations through a better understanding of fluid loss mechanisms leading to more efficient engineered solutions.
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1. Introduction

We previously mentioned that one of the main functions of ~ pressure. This created pressure is called hydrostatic pressure.
drilling fluid is to create counter-pressure against formation By generating hydrostatic pressure, it is essential to control

*Corresponding author: turqayisgandarli‘@gmail.com (Isgandarli Turgay Talib)
Received: 27 October 2024; Accepted: 14 November 2024; Published: 12 December 2024

@ Copyright: © The Author (s), 2024. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/ogce
http://www.sciencepg.com/journal/268/archive/2681204
http://www.sciencepg.com/
http://orcid.org/0000-0002-3852-8578
http://orcid.org/0000-0002-3852-8578
http://orcid.org/0000-0002-3852-8578

International Journal of Oil, Gas and Coal Engineering

http://www.sciencepg.com/journal/ogce

the formation pressure (at minimum) and the hydraulic frac-
turing pressure (at maximum) of the subsurface rocks. In
other words, for normal drilling operations, hydrostatic pres-
sure should be higher than formation pressure but lower than
fracturing pressure [1].

When the hydrostatic pressure generated by the drilling
fluid exceeds the formation's fracturing pressure, drilling
fluid loss occurs. Simply put, if the 'force' exerted by our
fluid on the wellbore wall exceeds the formation's 'strength,’
fluid loss happens. To prevent fluid loss, the pressure created
by the drilling fluid (hydrostatic pressure) must be lower
than the formation's fracturing pressure. At the same time,
it’s crucial to ensure that the hydrostatic pressure is above the
formation pressure. The figure illustrates the process of fluid
loss under formation conditions [2]. As shown, since hydro-
static pressure (Phs) is greater than the formation's hydraulic
fracturing pressure (Phy), fractures form in the formation,
leading to the absorption of drilling fluid by the formation
(Figure 1).

1 Drilling Fluid/Absorption

Figure 1. The loss of the drilling fluid by the formation occurs be-
cause the hydrostatic pressure (Phs) is greater than the formation
pressure (Phy).

2. Problem Statement

Therefore, measures to combat fluid loss must be devel-
oped. The main objective of these measures is to prevent
fluid loss, maintain stable pressure in the well, and ensure a
safe drilling process. The paper will cover the following
main topics: Deep well drilling technologies are of critical
importance in the drilling industry. In this process, the drill-
ing fluid (drilling mud) is used to maintain pressure balance,
cool the drilling tool, and remove cuttings [3]. However,
sometimes due to the characteristics of the geological struc-
tures or the parameters of the drilling process, the fluid is
absorbed, which can lead to serious problems. Fluid loss can
result in pressure imbalances in the well, delays in drilling
operations, safety risks, and environmental contamination.
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This paper will investigate measures to combat fluid loss
and the use of new technologies. When focusing on the main
causes and consequences of fluid loss, we see that it can oc-
cur for various reasons. Geological causes, such as the pres-
ence of high-porosity formations like sandstone or carbonate,
fractures, or voids, lead to fluid absorption. On the other
hand, pressure mismatch can also be cited as an example [4].
Fluid loss can occur when the pressure of the drilling fluid is
lower than the formation pressure. Drilling parameters
should also be carefully monitored. High drilling speeds or
inappropriate drilling techniques increase the risk of fluid
loss. The consequences of fluid loss can be severe. Delays in
drilling manifest as the slowing of operations and the re-
quirement for additional resources during the fluid loss pro-
cess. Safety risks refer to factors that lead to well collapse or
the creation of dangerous conditions in the well when pres-
sure drops. Environmental risks include contamination and
ecological issues that arise when the fluid leaks into the envi-
ronment [5]. Through various mitigation measures and tech-
nologies, different methods are applied to combat fluid loss
in the event of potential and existing risks: The adjustment of
fluid density—by adding materials like barium sulfate to
increase the density—helps maintain pressure balance [6].
Anti-loss additives seal fractures and pores and prevent fluid
absorption. Changing drilling techniques, such as optimizing
the drilling method, can reduce the risk of fluid loss. Tech-
niques such as slow drilling or modified drilling angles can
be applied.

2.1. Impact of Lost Circulation on Drilling
Operations

Pressure management includes the use of high-pressure
drilling systems and special pressure control devices. Risk
management and safety measures must include preventive
actions and safety protocols related to fluid loss risk. In addi-
tion to density adjustment, the use of anti-loss additives plays
a vital role in the management of fluid loss. These special-
ized additives work by sealing fractures and pores in the sur-
rounding formation, effectively preventing unwanted fluid
absorption. This creates a more stable environment for drill-
ing operations and minimizes the risks associated with fluid
loss. Moreover, modifications to drilling techniques can fur-
ther mitigate the risk of fluid loss [7]. For instance, optimiz-
ing the drilling method itself can yield significant benefits.
Techniques such as implementing slower drilling speeds or
adjusting drilling angles can effectively reduce the stress on
the wellbore and lower the risk of fluid loss during the drill-
ing process. By carefully selecting and adjusting these tech-
niques, drilling teams can enhance the overall stability of the
operation. Another critical aspect of fluid loss prevention is
pressure management. Employing high-pressure drilling sys-
tems, along with specialized pressure control devices, is es-
sential for maintaining optimal pressure levels in the well-
bore. This proactive approach helps prevent pressure drops
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that could lead to fluid loss incidents, thereby ensuring safer
and more efficient drilling operations. Finally, a comprehen-
sive approach to risk management must encompass not only
reactive measures but also proactive strategies. Implement-
ing preventive actions and robust safety protocols related to
fluid loss risks is vital [8]. This includes regular training for
personnel, thorough risk assessments, and the development
of detailed emergency response plans. By integrating these
components into the operational framework, companies can
better safeguard their drilling activities against fluid loss and
its associated impacts. To effectively combat the challenges
posed by fluid loss, particularly in the face of both potential
and existing risks, a variety of mitigation strategies and ad-
vanced technologies can be implemented. One of the primary
approaches involves adjusting the fluid density. By incorpo-
rating heavy materials like barium sulfate (BaSOy) into the
drilling fluid (Figure 2), operators can significantly enhance
the density of the fluid. The density (p) of the drilling fluid
can be expressed as:

m
\4

p=

where m is the mass of the fluid and V is its volume.
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Figure 2. Comparison of Fluid Densities.

This graphic illustrates the different types of drilling fluids
mentioned in the paper, specifically how adjusting fluid den-
sity (e.g., adding barium sulfate) helps maintain pressure
balance. It supports the point about using heavier fluids to
mitigate fluid loss risks [9].

This adjustment is crucial, as it helps maintain a delicate
pressure balance within the wellbore, represented by the hy-
drostatic pressure equation:

where P is the pressure at depth, g is the acceleration due to

gravity, and h is the height of the fluid column. The pressure
changes in the wellbore at varying depths [10]. It aligns with
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the discussion on how maintaining hydrostatic pressure is
crucial for preventing fluid loss and the impact of fluid den-
sity on well pressure (Figure 3).
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Figure 3. Pressure Gradient in Wellbore.

By ensuring that the fluid density is adequately increased,
the likelihood of fluid loss can be substantially reduced. In
addition to density adjustment, the use of anti-loss additives
plays a vital role in the management of fluid loss. These spe-
cialized additives work by sealing fractures and pores in the
surrounding formation, effectively preventing unwanted fluid
absorption [11]. The effectiveness of these additives can be
quantified using the permeability reduction factor (Ry) which
is calculated as:

Rk = 0%

kO

where ky is the initial permeability and k is the permeability
after the application of anti-loss additives. This creates a
more stable environment for drilling operations and mini-
mizes the risks associated with fluid loss. Moreover, modifi-
cations to drilling techniques can further mitigate the risk of
fluid loss [12]. For instance, optimizing the drilling method
itself can yield significant benefits. Techniques such as im-
plementing slower drilling speeds (v4) or adjusting drilling
angles (0) can effectively reduce the stress on the wellbore.
The impact of drilling speed on the rate of penetration (ROP)
can be expressed as:

ROP=f(v,0)

By carefully selecting and adjusting these techniques,
drilling teams can enhance the overall stability of the opera-
tion. Another critical aspect of fluid loss prevention is pres-
sure management [13]. Employing high-pressure drilling
systems, along with specialized pressure control devices, is
essential for maintaining optimal pressure levels in the well-
bore. This proactive approach helps prevent pressure drops
that could lead to fluid loss incidents, represented by the
pressure gradient (AP) in the wellbore:
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AP= Pipitial - Prinal

Where Pj,ia1 1 the pressure at the start of the operation and
Pfinal 18 the pressure at the time of potential loss. By ensuring
that pressure levels are adequately maintained, companies
can safeguard against the complications arising from fluid
loss. Finally, a comprehensive approach to risk management
must encompass not only reactive measures but also proac-
tive strategies. Implementing preventive actions and robust
safety protocols related to fluid loss risks is vital [14]. This
includes regular training for personnel, thorough risk as-
sessments, and the development of detailed emergency re-
sponse plans. By integrating these components into the oper-
ational framework, companies can better safeguard their
drilling activities against fluid loss and its associated im-
pacts.

2.2. The Solution Methods

The solution to the issue directly depends on preventive
measures and the level of preparedness. An emergency plan
refers to having strategies in place that describe what to do in
case of fluid loss, and it is essential. Personnel training,
meaning informing drilling workers about the risks of fluid
loss and corresponding safety measures, is of great im-
portance. Regular monitoring and analysis should be con-
ducted. By tracking well pressure and the drilling process,
potential fluid loss events can be prevented. Successfully
managing this challenge relies heavily on preventive strate-
gies and robust preparedness [15]. Crafting a comprehensive
emergency response plan is foundational; it establishes clear
protocols for addressing fluid loss scenarios swiftly and ef-
fectively. Equally critical is thorough training for all person-
nel—ensuring that drilling teams are well-informed about the
specific risks associated with fluid loss and fully understand
the safety measures designed to mitigate these risks. Con-
sistent monitoring and detailed analysis also play pivotal
roles. By closely tracking well pressure and observing each
stage of the drilling process, teams can identify early warn-
ing signs of fluid loss, allowing for timely intervention and
reduced impact on operations.

3. Conclusion

Research and innovation must always remain a focus. Sci-
entific research and technological advancements are increas-
ing to prevent fluid loss. Artificial intelligence and data anal-
ysis are among the factors that continue to maintain their
significance. Al technologies and big data analysis are used
to predict potential fluid loss risks in the drilling process in
advance. New chemicals and additives are crucial in devel-
oping more effective and environmentally friendly anti-leak
measures. Nanotechnology offers innovative solutions to
prevent fluid loss. We already know that drilling fluid ab-
sorption can cause serious problems in the drilling industry.
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With a deeper understanding of the causes and consequences
of ingestion, the development of control measures and pre-
ventive protocols, it is possible to solve this problem. Future
research and technological innovations will ensure effective
management of absorption and increase the safety of the
drilling process.

Abbreviations

Phs Hydrostatic Pressure
Phy Formation Pressure
MW Mud Weight

ROP Rate of Penetration
RIH Run in Hole

POOH Pull Out of The Hole
SG Specific Gravity
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