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Abstract : The principles of well operations, control, and optimization are still not sufficiently understood by many oil
and gas engineering professionals. For example, well control is essential during well drilling operations to prevent
blowouts. In order to prevent kicks or blowouts, which result in increased drilling costs, the waste of valuable natural
resources, pollution, and the degradation of the environment and its ecosystems, as well as the eventual loss of human
life and property if not properly controlled. This short communication paper gives a cursory consideration to the
concepts of well operations, control and optimization and some of its teething challenges and proffers possible
solutions which could help in averting unwanted drilling operation accidents and their attendant hazards.
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I. BASICS OF WELL OPERATIONS
Drilling, maintaining, and repairing wells in order to extract oil and gas resources is known as oil well operations.
Field engineers and oil well operators, who are in charge of well management, carry out these tasks. It is crucial to measure
the pore pressure or formation pressure before beginning any well operation. The formation pressure should be precisely
estimated so that a drill mud with a density that is marginally higher than the formation pressure can be created to
counteract the formation pressure and avoid blowout or kicks (Short, 1983). The following section briefly discusses a few
elements of oil well operations, including drilling, well workover, and well abandonment.

A. Drilling:

A drilling rig is used to bore a hole into the ground using the drill bit, and then the drilling mud is pumped into the
well to cool the drill bits, move rock, and keep the pressure constant. Then, the steel casing is positioned around the well to
support its structure. The conductor casing is placed first, followed by the surface casing, intermediate casing, and
production casing. Cement is then pumped into the space between the casings and the wellbore to seal it, and then the drill
pipes can be inserted, making sure to install the blowout preventers. After the wellhead and christmas trees are in place, a
device known as a perforating gun is used to make a hole in the casing so that oil can flow into the wellbore. Following the
perforation, artificial lift systems are put in place to draw oil to the surface. They are frequently driven by an up-and-down
pump jack.

B. Well workover:

This is the process of repairing or stimulating an existing production well to restore, prolong, or enhance
hydrocarbon production. This process consists of well inspection, casing strength testing, and wellhead replacement. It
frequently uses wireline and coiled tubing techniques and aims to maximize oil well production. It also fixes problems like
sand infiltration, water intrusion, or equipment failure in an existing well by making the required adjustments or repairs.
Typical workover tasks include:

a) Wellbore Cleaning and Stimulation
e Remove debris, sand, scale, wax, or paraffin buildup
e Acidizing (injecting acid to dissolve formation damage)
e Hydraulic fracturing (creating fractures to enhance flow)
e Solvent injection to dissolve heavy deposits

b) Tubing and Casing Repair
e Replace damaged or corroded tubing
e Patch leaks or damaged casing sections
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e Retrieve lost tools or broken pipe (fishing operations)

¢) Well Completion Modification
e Change from single to dual completion
e Add new perforations or reopen old ones
e Install or remove packers for zonal control

d) Artificial Lift Installation and Repair
e Install or repair electric submersible pumps (ESPs).
e Optimize gas lift systems
e Maintain or replace sucker rod pumps

e) Zonal Isolation and Water Shutoff
¢ Plug non-productive or depleted zones
e Reduce excessive water production with gels or cement
e Use packers or sliding sleeves for selective zonal production

C. Well Abandonment:

When an oil well is no longer being used to generate gas and oil, it is sealed off permanently. Additionally, an oil well
may be abandoned if it is a dry hole or if it is in the way of a new well construction. The following are the procedures for
abandoning an oil well:

e Determine the problems with the groundwater zones, well-bore, and other areas.

e Cut the casing at least 100 meters above the preceding casing string and remove as many casings as possible.
e Fill and seal the well with cement, concrete, or bentonite chips.

e Isolate different areas of the well using cement plugs, bridge plugs, and other methods.

II. CHALLENGES TO WELL OPERATIONS AND SOLUTIONS
Some challenges and setbacks of oil well operations are briefly highlighted here with possible solutions.

A. Challenges

e Environmental impact issues: This is the biggest problem; controlling the effects of oil extraction on the environment,
such as possible spills, contaminated water, and greenhouse gas emissions, requires constant search for eco-friendly
solutions.

e Technical difficulties: Managing the high pressure environment can frequently interfere with efficient well operations
and some of the mechanical equipment used in the drilling process may malfunction.

e Wellbore difficulties: Depending on the geology, problems such as fluid flow issues, well-bore instability, and the
possibility of gas migration could provide a variety of challenges.

e Workforce-related issues: It can be challenging to recruit and keep qualified workers in the oil and gas sector,
particularly in isolated areas (Hossain and Islam, 2018).

B. Possible solutions to the challenges
a) Environmental considerations:

it is crucial to adopt technologies to decrease greenhouse gas emissions from operations, implement efficient waste
treatment and disposal procedures to minimize environmental impact, and keep abreast of evolving environmental laws and
regulations. Additionally, following the most stringent safety procedures for operating wells will minimize well mishaps,
which might be extremely dangerous and hazardous for the environment.

b) Technical solutions:

making use of real-time flow and pressure data to boost output and spot prospective issues early. Preventive
maintenance techniques should also be used to reduce equipment failures during well operations in order to minimize
downtime, which may be extremely costly for both the companies and their clients.

c¢) Wellbore solution:

To evaluate complex formations and maximize recovery, sophisticated drilling technologies such as directional
drilling, horizontal drilling, and smart drilling systems should be used. Data analysis software should also be used to spot
trends, anticipate problems, and improve well operation.

d) Workforce solutions:

An essential strategy for oil and gas exploration companies should center on establishing thorough training programs
to give employees the know-how to operate sophisticated machinery and follow safety procedures, as well as encouraging a
diverse workforce to contribute new ideas and fresh perspectives.
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III. BASIC CONCEPT OF WELL CONTROL

The practice of controlling the pressure inside an oil well to lessen the likelihood of a kick or blowout—an
uncontrollable release of formation fluid, such as water, gas, or oil—is known as well control. It aids in preserving the ideal
equilibrium between the wellbore's pressure and the surrounding rock formation's pressure. Because of inadequate well
management, there have been isolated instances of blowouts on oil wells. Three field workers were killed in a burst of fire at
the "Wendland well" in Burleson County, Texas, in January 2020 due to a blowout brought on by inadequate well
management. Also in May 2020, a blowout at the "Ororo-1 well" in Nigeria resulted in a fire that lasted for weeks due to the
blowout preventer's failure. Additional blowouts have equally happened around the world in recent times and they are all
traceable to inadequate well management practices which are partly caused by the field engineers' inexperience and
incapacity to promptly adopt preventative and proactive safety measures. Because field engineers must be extremely
knowledgeable about protocols in order to effectively control wells and prevent blowouts, the significance of their immersion
in well control concepts and protocols cannot be overstated.

Field engineers should promptly shut in the well, or close the blowout preventer, if they suspect a kick. They can do
this by operating the blowout preventer from the accumulator unit, which might blind the pipe or, in the worst situations,
shear it. After the well is closed, the choke line can be adjusted to regulate the pressure and control the fluid flow. Field
engineers need to be aware that kicks happen a lot, particularly when drilling and tripping out of the hole. Many tiny kicks
become massive blowouts if they are not handled correctly. Field engineers should always exercise caution to prevent errors;
they should take their time to do it correctly the first time because they might not have another chance to fix it if a blowout
occurs (Rabia, 2002). Some well control measures are listed below:

e Pressure monitoring: this involves utilizing pressure gauges to continuously check well pressure in order to spot any
abrupt changes that would point to a kick.

e B. Drilling fluid management: To prevent kicks, the density of the drilling mud is adjusted to maintain a hydrostatic
pressure that balances the formation pressure.

e C. Kick detection: is the process of identifying early indicators of a kick, such as variations in the rate at which drilling
fluid returns, a rise in the amount of mud, or anomalous pressure readings.

Any well can be controlled by field engineers who are familiar with these methods and procedures, either before or
after a kick. To effectively regulate the well and counteract the formation pressure, the necessary mud weight must be
determined by accurately calculating the Kill Mud Weight.

IV. CHALLENGES TO WELL CONTROL AND SOLUTIONS
Presented below are some common challenges and setbacks to effective and efficient well control;

A. Challenges

e Unserviced blowout preventer: One of the main causes of potential well control failures is improper blowout
preventer maintenance. Preventing blowouts requires a maintenance culture and quick replacement procedures.

o Insufficient field engineer training: A number of field engineers continue to lack enough understanding of safe well
control methods and procedures.

e Inadequate well control plan and emergency response: There is still room for improvement in this area for certain
exploration and production companies. Many of them lack an appropriate well control plan, and they frequently react
slowly to emergencies.

B. Possible solutions to the challenges
e Blowout preventer maintenance: by routinely inspecting and maintaining the blowout preventer to ensure its
operation in critical situations many incidents of blowouts could be eliminated.
e Training and drills: To guarantee competence in kick identification, appropriate shut-in protocols, and emergency
response, drilling personnel should get frequent trainings and drills.
e Appropriate emergency response and well control plans: companies should create effective response plans and specify
how to handle possible well control situations, including detailed steps for various scenarios.

V. BASICS OF WELL OPTIMIZATION
Making an oil well produce at its maximum capacity is another crucial factor to take into account. In order to
maximize production while minimizing costs and environmental impact, a high-producing oil well should produce at least
several thousand barrels per day. This is dependent on a number of factors, including: strategic well placement based on
reservoir features; optimal completion design tailored to the reservoir; use of the artificial lift method when necessary;
implementation of effective monitoring systems; well intervention to address issues; and continuous improvement of the
operation through data analysis. Using geological surveys and reservoir modeling, it is crucial to carefully choose the drilling
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locations in order to determine the most productive areas of the reservoir. In order to maximize flow, the well should be
designed with the best possible casing, cementing, perforation, and completion techniques. Additionally, whenever the
reservoir pressure is depleting, additional techniques such as gas lift or electric submersible pumps should be used to
increase oil flow. The well should also be properly maintained in order to maximize production, which includes cleaning,
repairing any damaged parts, and perforating. Full-time monitoring systems should be used to track well performance, spot
problems early, and make the necessary adjustments to maximize production (IL and ES Ecosmart Limited, 2009).

In order to boost flow rate and dissolve mineral deposits, particularly in formations with a high mineral content,
acids can also be injected into the well bore. For example, hydrochloric acid has been the primary acid used in limestone
stimulation procedures. However, because of its corrosive nature and impact on field crew health and safety, a new, more
environmentally friendly product called FF-01 has been introduced. However, because of its low pH, FF-o01 takes longer to
dissolve the limestone than hydrochloric acid (Carvajal et al, 2017). This is an excellent example of a recent scientific
innovation for the use of more eco-friendly chemicals in well optimization procedures.

VI. CHALLENGES TO WELL OPTIMIZATION AND SOLUTIONS
A. Challenges
Here are a few difficulties and drawbacks with well optimization procedures:

e Incorrect well placement: The majority of wells are positioned incorrectly, which has reduced their capacity and
production rates.

e Poor completion strategy design: Due to inadequate completion strategy designs, the majority of wells are unable to
operate at their peak performances.

e Inadequate performance monitoring: most problems in an oil well arise as a result of inadequate monitoring, and
these problems can also lower the rate of production.

B. Possible solutions to the challenges
e The well must be positioned correctly; to do this, the geological survey and reservoir modeling must be thoroughly
examined and reviewed in order to determine the ideal well placement.
e The state of the reservoir should be taken into consideration when choosing the right completion tools and strategy
designs.
e To spot trends in production decline and possible problems, modern data analytics should be used in conjunction
with ongoing monitoring of pressure, flow rates, and other well characteristics.

VII. SUMMARY
A cursory consideration of some of the teething challenges to well operation, control and optimization have been
undertaken with possible solutions recommended for the identified challenges. This could serve as a basic reference
literature for readers and oil field engineers and enthusiasts interested in well operations, control and optimization.
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