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ABSTRACT

Reengineering is a term created in the 80s, which focuses on rethinking the way
companies carry out their activities, in order to reduce costs, improve customer
service and become more competitive. Disengineering, on the other hand,
considers what to do with the industrial facilities once the enterprise is no longer in

activity. This time, this article aims to answer the following guiding question: What
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are the possibilities of using structures and materials from already depleted wells
using the concepts of Reengineering of Disengineering? After the document
analysis, it was possible to establish an alternative proposal to increase the useful

life of Oil and Gas wells through the applied concepts.

Keywords: Disengineering, Reengineering, Oil, Wells, Reservoir.

1. INTRODUCTION

An oil and gas well is a major engineering work, its construction can take days or

even months, and are essential for generating energy from fuel.

Thomas (2001) clarifies that the fuel that societies consume as mechanical energy
in vehicles, in the form of heat energy in homes or industries, or, in the form of
electrical energy in the various appliances that make the economy spin, is just the
end result. of the existing chain to produce energy (THOMAS, 2001).

In a complex production chain, each step of the process is important, and cost-
effectiveness and effectiveness of performance must be carried out at each step.
Thus, wells are considered one of the steps likely to seek greater effectiveness in
their life and performance. In this context, there is the importance of Reengineering

and Disengineering.

Reengineering is a term created by Michael Hammer and James Champy, which
focuses on rethinking the way companies carry out their activities in order to
reduce costs, improve customer service and become more competitive (HAMMER,;
CHAMPY, 1993), Desengenharia considers what to do with industrial facilities once
the enterprise is no longer in activity and was described by Luis Enrique Sanchez
in 2001.
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Within this context, as in other industry applications, reengineering can give other
destinations to these metallic materials, especially in the case of already depleted
reservoirs, not economically viable, or wells that may not be of interest to the oll
industry. Wells that have a known geological configuration, that often already have
capacity as a reservoir, and that often already have some structure created, but
how can reengineering be used in these cases? How can these structures still

return their value to society?

It is these answers that act as the objective of this investigation, carried out through
the demonstration of well drilling and its variables, the recognition of oil wells,
depletion, and finally, the alternatives through the concepts of Reengineering and

Disengineering.

2. GENERAL CLARIFICATIONS ABOUT WELLS

According to the classification of the Agéncia Nacional do Petrdleo - ANP
(2017)[3], there are several types of wells that can be drilled. Table 1 promotes the

classification of 10 types of categories:
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Table 1 — Classification of Wells in Brazil

Categornia | Finalidade
1 Pog¢o Exploratorio Pioneiro
2 Pog¢o Exploratorio Estratigrafico
3 Pogo Exploratorio de Extensdo
4 Pog¢o Exploratorio Pioneiro Adjacente
5 Poc¢o Exploratorio para Prospecto Mais Raso
6 Pogo Exploratorio para Prospecto Mais Profundo
7 Poco Explotatorio de Producgio
8 Pogo Explotatorio de Injegdo
9 Pogo Especial
10 Pog¢o de Estocagem

Source: Agéncia Nacional do Petréleo (2017).

Each of the types of wells has specificities, durability and differentiated
effectiveness, making it a challenge for organizations to work at their maximum

potential.

There are very unique characteristics that define where a well will be drilled and
the potential for a region to be or not to be a producer of oil and natural gas, which

also includes cases where there may be controversies.

Thus, for the oil and gas reservoir to be present, a very unique configuration is
needed, especially in relation to sedimentary rocks, and other types of rocks, which
must imply a categorization and structuring of a source rock, a storage rock and a
sealing rock or structural trap that guarantees the watertightness of the reservoir,
without which the oil or gas could be released to the surface, therefore techniques

such as magnetometry, gravimetry and reflection seismic are used.
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Figure 1 shows a condition of a reservoir in seismic perspective of reflection,
showing 3 wells drilled in yellow (vertical), blue (vertical) and red (horizontal)
(THOMAS, 2001).

Figure 1 — Wells in perspective of the reflection seismic

Source: Lopes and Assuncao (2010).

When the ideal conditions are found, exploratory wells are drilled to confirm the
conditions observed on the surface, as well as, the depths of the rocks are
confirmed by the core techniques, for this, petrophysical analysis and
geopaleontology are used, by indirect methods. such as those used by geophysics
in well logging (THOMAS, 2001). In addition to the most well-known
characteristics, it is important to understand the coefficients of rock fracture,
porosity and permeability, described by Darcy's law, that allow estimating the
potential of the reserve, and the recovery factor.

Figure 2 demonstrates the shape of the fluid that flows between the voids in the
rock (SANSONE, 2015).

RC: 121932
Available in: https://www.nucleodoconhecimento.com.br/engineering-mechanical-
engineering/reengineering



https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/engineering-mechanical-engineering/reengineering
https://www.nucleodoconhecimento.com.br/engineering-mechanical-engineering/reengineering
https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/wp-content/uploads/2022/07/Pocos-em-perspectiva-da-sismica-de-reflexao.png

----

‘i"-‘ MULTIDISCIPLINARY SCIENTIFIC JOURNAL  REVISTA ~ CIENTIFICA  MULTIDISCIPLINAR ~ NUCLEO DO

0\\ NUCLEO ID() CONHECIMENTO ISSN: 2448-0959
\1 e ¢ ¥ CONHECIMENTO https://www.nucleodoconhecimento.com.br

'4,; ::::

Source: (Sansone, 2015).

It is important to point out that although ideal geological and watertight conditions
are often confirmed, many of these drilled wells end up being abandoned, as
reserve expectations may not be considered good because they are dry, carbon
dioxide, water, hard or soft, so permanent cement plugs are used to seal these
reservoirs (THOMAS, 2001).

Figure 3 presents a perspective of the time required at each stage in the process of
building an oil well until the production phase (CONOCOPHILLIPS, 2015).
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Source: (CONOCOPHILLIPS, 2015).

Wells that are considered productive have their construction process completed,
and in some cases auxiliary water pumping wells are drilled at the ends to allow
greater use of the reserve present in the reservoir, thus increasing its recovery

factor.

Figure 4 demonstrates how fronts are formed for the non-predatory production of
oil and natural gas reservoirs (ROSA, 2006).
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Figure 4 — lllustration of the injection process for the production of wells, with

advance front.
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Source: SILVA et al., (2014).

In addition to the periodic maintenance of the wells, the reservoirs also undergo
intervention processes in order to maximize their production. Examples of these
processes include: chemical stimulation processes, hydraulic fracturing and re-
entry processes using technigues such as coiled tubing. These actions aim to
provide the maximum amount of oil in the shortest time to obtain a return on

investment.

Graph 1 shows the oil and natural gas production of a field over the years. It is
observed that at the beginning of the curve there is an increase in production due
to the drilling of more wells in this field to maximize its production, as well as other
interventions that may be the addition of water or CO:2 injection wells (EOR -
Enhanced Oil Recovery), in addition to the techniques mentioned above, until a
period of decline in production begins (ROSA, 2006).
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Graph 1 — Production of a field over time
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Source: PETROBRAS (2015).

It is possible to observe that, at a given moment, the production costs of a well end

up not being viable for the holder of the field, which can be defined by the

abandonment of the well, by the transfer to communities, or, for other smaller

companies, either by the low production or by significant changes in the oil-water,

gas-oil ratios, or the production of sand; at times when an intervention is no longer

worth it (ROSA, 2006; THOMAS, 2001).

There are successful cases where, through investment and the use of more

advanced techniques, it is possible to automate the process of separating

unwanted by-products and increase production from wells, as recently observed in

Brazil, where a private company managed to increase production from mature

fields by 30% (JACOME, 2021).
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Graph 2 demonstrates an example of how the production of oil, water and gas can

behave over the years in a reservoir.

Graph 2 — Production of water, oil and gas over time
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Source: CEPEMAR (2005).

At the end of the life cycle of a well, a reservoir or when maintenance of the well is
necessary, the equipment is removed from the wells and then returned to the
surface (THOMAS, 2001) and needs to be treated for a subsequent recycling
process. However, in some cases there is the presence of the production of
materials such as norm and tenorm[4] that need a very specific destination for the
reuse of metallic material (LINCERADIO, 2021).
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3. THE OIL RESERVOIR

The main reservoir rocks are limestone and sandstone, their formation has been
going on for thousands of years, mainly in conditions related to the presence of
sedimentary basins. As seen in figure 5a, the accumulation of organic matter in
thousands of years will form in source rock (MATLAK AL-HAJERI, et al., 2009;
ROSA, 2006; THOMAS, 2001).

Figure 5a — Sedimentary basin formation
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Source: MATLAK AL-HAJERI, et al., (2009)

In figure 5b, the shale, which with the action of pressure and temperature will
produce hydrocarbons, which under certain conditions can migrate to porous
sedimentary rocks that will store them, in the existence of some type of entrapment
mechanism, sealing rock or structural trap (MATLAK AL-HAJERI, et al., 2009;
ROSA, 2006; THOMAS, 2001).

RC: 121932
Available in: https://www.nucleodoconhecimento.com.br/engineering-mechanical-
engineering/reengineering



https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/engineering-mechanical-engineering/reengineering
https://www.nucleodoconhecimento.com.br/engineering-mechanical-engineering/reengineering
https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/wp-content/uploads/2022/07/Formacao-de-bacia-sedimentar.png

MULTIDISCIPLINARY SCIENTIFIC JOURNAL  REVISTA ~ CIENTIFICA  MULTIDISCIPLINAR ~ NUCLEO DO

Figure 5b — Oil generation process from the sedimentary basin illustrated in Figure
5a
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Source: MATLAK AL-HAJERI, et al., (2009)

According to Castro Faria (2013) and Rosa (2006), the structural trap can happen
in several ways, one of them being the saline domes, or alterations that occurred in
rocky deposits in rivers of sedimentary basins or even alterations that occurred

during the process of geoformation.
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Figure 6 — lllustration with the different types of geological faults
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Source: Castro Faria (2013)

It is important to note that the oil reservoir has this name precisely because it
guarantees, up to certain pressure limits, the ability to maintain its watertightness.
Formation pressure, porosity and permeability are characteristics that determine
the limits of pressure that can be contained in this reservoir without causing
damage or fracture to the formation, porosities and permeability determine the
capacity of how a fluid can flow through this rock, being these important
characteristics to determine the capacity or volume of the reservoir and the
reserve, as well as, to determine the recovery factor and the estimated production

curve, which can be aided by the formation test.

Graph 3 demonstrates one of the types of pressure tests performed on reservoirs.
Knowing the pressure limits helps to understand the capabilities of future uses of
these reservoirs (PUC/RJ, 2011; ROSA, 2006; THOMAS, 2001).
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Graph 3 — Formation Pressure Test
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Based on seismic information, geophysical profiles, and formation tests, including
permeability and porosity, it is possible to determine the estimated value of the
volume and empty spaces of a reservoir, and thus, estimate its reserve or capacity
(ROSA, 2006). Figure 7 demonstrates the overlapping of different sedimentary
rocks that form a region of interest for the oil industry. When a deposit is depleted,
it can serve to accumulate other types of materials in addition to the kilometer-deep
well (ZHANG et al., 2019).
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These could be in different geolocations and can be transported in different modes
within the special transport conditions required, depending on the product, and, as

exemplified in some modes.

Figure 8 (pipelines and ships/barges) (GOVERNMENT OF THE REPUBLIC OF
TRINDAD AND TOBAGO, 2021).
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Figure 8 — Model of the Carbon Capture and Sequestration Process
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Source: Government of the Republic of Trindad and Tobago (2021)
3.1 QUANTITY OF DRILLED WELLS AND THE POTENTIAL

Tables 2 and 3 were made using data published by the National Agency of
Petroleum, Gas and Biofuels and demonstrate the size of the number of wells

drilled in Brazil year by year, both onshore and offshore.
Table 2 — Condition, quantity and depth of wells drilled in Brazil

Classification Number of Wells Average Measured Depth (meters)

Abandoned 11870 -2898
Devastated 2624 -1387
Evaluation 7743 -3186
In use 7903 -2193
Grand total 30140 -1070

Authors — Adapted from the Agéncia Nacional do Petréleo, Gas and Biofuels
(2021).
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According to the figures in table 2, we can consider the possibility of using almost
half of the 30 thousand wells drilled in Brazil for storage purposes, representing a

great opportunity for intervention and reengineering applications.
Table 3 — Condition, quantity and depth of earth wells drilled in Brazil

Classification Number of Wells Average Measured Depth (meters)

Abandoned 6973 1300
Devastated 2218 1351
Evaluation 5675 1186
In use 8418 1102
Grand total 23284 1179

Authors — Adapted from the Agéncia Nacional do Petréleo, Gas and Biofuels
(2021)

As an illustration of the potential volume available, wells are generally drilled in
diameters ranging from 5 inches to over 28 inches, and as noted in Graph 4, wells
at approximately 1300 meters in depth, and although it is assumed that the entire
well is 5 inches or 0.127 meters (THOMAS, 2001).
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Graph 4 — Number of Earth Wells in a condition of abandonment or devastated
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Source: Authors — Adapted from the National Agency of Oil, Gas and Biofuels
(2021).

Thus, a minimum of 16m?3 of volume, in addition to the volume of the reservoir,
which, as we can see in Figure 9, in the worst case produces 34 barrels of oil per
day or 5.4 cubic meters per day, almost 2000m? per year, production that extends
over years, which with respect to the 9000 wells in conditions of abandonment or
devastation, on land, would be a minimum volume of 17,739,000 meters? of

storage per year, disregarding aspects of pressurization (emphasis by the author).
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Figure 9 — Number of wells and production in different environments
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Source: CBIE (2019).

Graph 5 demonstrates how this production development in thousands of barrels of

oil per day in different types of fields has been developing in Brazil.

Graph 5 — Average production in different environments
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Source: National Agency of Oil, Gas and Biofuels (2021).
3.2 REENGINEERING AND DISENGINEERING

As already mentioned, De-engineering is a common process at the end of the life
cycle of an enterprise, when it is no longer economically viable to reform an
industrial plant, or to proceed with the production of an oil well. Some of these

structures end up being abandoned and having no future use or value, as the
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investment has been completely depreciated, and in some cases even generating
treatment costs before decommissioning. Incorrectly abandoned structures can
generate soil or groundwater contamination in the long term by the decomposition
of containers or barriers (SANCHEZ, 2001).

Reengineering, which conceptually as something to redesign or drastically reform,
comes precisely to give greater value to structures that are already depreciated or
that are not economically viable to operate and can even be a liability or generate
costs and risks, being In this way, an opportunity to recover capital for investors
and, not a mere cost, but to compose the expected cost with the project throughout
its cycle, especially in reservoirs that may have a lot of use (GOMES et al, 2005;
SANCHEZ, 2001).

3.3 RECYCLING AND DECONTAMINATION OF METALLIC
MATERIAL

One of the most obvious reasons for recycling metallic material is the reduction in
energy consumption, in addition to preserving finite resource reserves and lower
environmental impact in exploration. It is also important to point out that there are
materials that are rare in nature and that recycling can be a more voluminous or
simpler source of resource than nature itself. In Germany, for example, there are
sensors that detect the presence of non-ferrous metals in the recycling process.
These recycling processes can lead to a reduction in energy consumption of up to
88%, electricity consumption up to 35%, and water consumption up to 87%,
depending on the technique used (VISSER, 2014). Figure 10 demonstrates an

example of a real surface installation of an earth well in production.
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In figure 11 it is possible to observe the different types of possible systems
later be removed for

apparent on the surface and subsurface that can
decontamination and recycling (PETROSKILLS, 2017).
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Figure 11 - Different types of completed wells
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Many of these materials may require specialist cleaning due to the possibility of

containing oily residues, NORM (Naturally Occurring Radioactive Materials) or

TENORM (Technologically Enhanced Naturally Occurring Radioactive Materials)

(LINCERADIO, 2021).

Oily waste can be cleaned and subsequently treated, following landfill, incineration,

landfarming processes, washing contaminated sand (in the case of soils or
contamination), solidification and co-processing (GOVERNO DE SAO PAULO,
2021). The return of these residues to oil wells or reservoirs in a controlled

condition can also be considered as the scope of this work.
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NORM is present in nature in different rocks or minerals, they usually have very
low radiative emission rates and also low impact on people, but some processes
such as oil production, in addition to other anthropogenic activities, can lead to the
accumulation of materials containing NORM, increasing its concentration, and thus
increasing the potential for affecting individuals who may be exposed, thus, it is
important that materials that have accumulated NORM are decontaminated before
being returned to nature. Within the decontamination process, we can include
dilution or chemical extraction, mechanical extraction (using brushes, for example)
or by water jet, and later this contaminated material can be sent to final destination
according to the plan of radioactive waste from the facility (LINCERADIO, 2021).

3.4 USE OF THE WELL AS A SOURCE OF GEOTHERMAL ENERGY

As its name implies, the oil and gas reservoir is a reservoir that, at the end of its
useful life, can be easily adapted for the storage of other materials, or even take
advantage of its geothermal potential, depending on the region where it was drilled,
to generate electricity or hot water, either by means of steam, using turbines or
other technologies that can take advantage of the heat already coming from the
formation and with a lower carbon footprint to complement the calorific power of
the fluid to generate steam and consequently more electricity, or even, using

thermoelectric generators, seebeck effect.

Figure 12 can be used to compare the regions where wells were drilled (12b) with
the geothermal potential of each area (12a), thus determining the best regions for
the use of existing structures (DUARTE and CATAIA, 2019; SWAROWSKI
ARBOIT, et al., 2013).
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Figure 12a — Zones of higher temperatures in Brazil
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Sources: Swarowski Arboit, et al., (2013).

In Figure 13 there is a geothermal application where the temperature of the well or
reservoir is not enough to generate steam, however, it is enough to exchange heat
with the environment and help in residential heating.
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Figure 13 — Model of geothermal well for domestic or industrial heating

Source: Electro Enersol (2011).

The seebeck effect happens when a temperature gradient is applied in a circuit
with different conductors, which generates electricity (ZHOU, et al., 2021).

Figure 14 demonstrates how a Seebeck-Peltier system board works (SILVA, et al.,
2013).
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Figure 14 — Plate used for power generation according to the Seebeck-Peltier
effect

Source: Silva et al., (2013).

Graphs 6, 7 and 8 demonstrate the voltage and current potential that can be
reached with a 1cm? Seebeck-Peltier module (IVANOV et al., 2021).
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Graphs 6 — Voltage and current curves with a 1cm? Seebeck-Peltier module
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Graphs 7a - Voltage and current curves with a 1cm? Seebeck-Peltier module
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Graphs 7b — Voltage and current curves with a 1cm? Seebeck-Peltier module
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Source: Ivanov et al., (2021).

One configuration to increase energy recovery using the Seebeck effect is by
series of modules, as proposed in figures 15 a and b, which would multiply the

power effect observed in graphs 6, 7 and 8 (SHEN; TIAN; LIU, 2019).
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Source: Shen; Tian and Liu (2019)

Figure 15b — Configuration to obtain optimal power for Seebeck-Peltier modules

Source: Shen; Tian and Liu (2019)

Figure 16 demonstrates the operation of turbines with steam from wells that have a
temperature above 177°C (SHULMAN, 1995).
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Figure 16 — Steam generation circuit and turbine power supply through geothermal

wells
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Figure 17 demonstrates how a steam turbine works, where the entry of steam
takes place through the pipe, passing through different stages with the pallets,
taking advantage of the thermal expansion of the gas, to maximize the rotation of
the turbine and consequently more generation of energy (AREATECNOLOGIA,
2021).
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In some cases, the geothermal potential of a reservoir or well can be used to raise
the temperature to a certain value, using biomass or biogas as fuel more efficiently,

thus reducing the carbon footprint.

3.5 USE OF THE RESERVOIR FOR THE STORAGE OF METHANE
AND CO:

Exploring its use as a reservoir, taking into account watertightness, structure and
available volume, some options for its use could be the permanent storage of
materials such as carbon dioxide (CO2) (DW PLANET A, 2021), production water
(water that is produced during oil production that is very hard, and that is not
always easily disposed of) (ROSA, 2006). Another option would be for the
destination of other products that pose health risks, such as the end of the nuclear
fuel cycle (SORENSEN, 2019).

In figure 18, it is possible to see a system adapted for storage.
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Figure 18 — Subsurface illustration for CO:2 injection for permanent storage
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Oil reservoirs could also be used to store compressed biogas. Multi-stage
centrifugal compressors (MODEKURTI, et al.,, 2017), as these are considered
essential for the process of storing gasses in reservoirs (ROSA, 2006) or, transport
by pipeline, in order to allow their permeability within the rock formation in the
supercritical stage (MODEKURTI, et al., 2017).

3.6 USE OF THE WELL FOR THE STORAGE OF TAILINGS

The storage of hazardous materials, as a final destination, depends a lot on more
detailed analysis of the geological stability of the region to avoid leaks and risks of
contamination of groundwater or other formations. As previously described, it may
happen that materials go to landfills or surface regions that end up occupying
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areas that could have another type of use, also impacting the value of the region
(SAO PAULO, 2021).

Nuclear fuel also ends up being a problem for the energy industry, since this by-
product still maintains levels of radioactivity for a few hundred years (US Energy
Information Administration, 2020). Some countries are investing heavily in creating
caves for their storage as a definitive solution, however, depleted or dry exploratory
wells could be good structures for the permanent storage of these materials
(FINLANDIA, 2021), respecting rules that still need to be created. Nuclear Energy
iIs an energy that does not emit CO2, favors a more positive and sustainable
reading, having great potential to help in the growth of energy demand (US Energy

Information Administration, 2020).

Figure 19 exemplifies an option to permanently store depleted radioactive material
for its original purpose (FINLANDIA, 2021). According to Bracke, et al., (2017), two
storage alternatives that would meet the principle of multiple barriers would be: the

deepening of the wells and the previous encapsulation of the material.
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Figure 19 — Subsurface illustration for the potential storage of depleted radioactive

material

Source: Sorensen (2019).

Figure 20 — Container module for the storage of hazardous materials

Source: Bracke (2017).
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In the Finnish case, “the spent fuel will be placed inside a graphite cast steel

honeycomb (right) contained in a copper drum (left)”.

Figure 21 - lllustration of a module for the underground storage of depleted

radioactive material

Source: Finlandia, 2021
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Source: Smith (2018)

3.7 USE OF RESERVOIRS FOR THE STORAGE OF AMMONIA OR
HYDROGEN

The storage of other materials, such as Ammonium or Hydrogen, is indicated by
Sandia National Laboratories (2011) as a viable option for the use of depleted

wells.

The cost of large-scale underground storage is a more cost-effective solution than
other solutions, as one of the problems with Hydrogen is the degradation that takes
place in tanks and the need for tanks that need large pressure capacities and high

resistance to degradation/corrosion.
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Graph 9 shows a comparison between the cost of storing hydrogen in tanks or
underground in a period of 1 year (SANDIA NATIONAL LABORATORIES, 2011).

Graph 9 — Comparison of hydrogen storage costs in different options.
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Source: Sandia National Laboratories (2011).

Figure 23 shows some storage options proposed by the study, including the case
study of this work, demonstrating the depleted reservoirs with ready infrastructure
(SANDIA NATIONAL LABORATORIES, 2011).
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Ammonia is produced on a large scale using the process known as Haber-Bosch,
a process that produces ammonia very quickly, but with high rates of CO:2
emissions. This process combines Hydrogen with compressed Nitrogen at 250 bar
and temperatures up to 400 degrees Celsius. The process uses nitrogen and
hydrogen separated from their natural sources, despite the possibility that the

production of hydrogen by electrolysis is the simplest and most known.

On an industrial scale, the process often used is methane reform, which is the
bombardment of natural gas or methane with steam at high temperature and
pressure to separate carbon and hydrogen (BORLACE, 2020), which in the
absence of carbon capture and sequestration (CCS) (TOTAL, 2018), can be
released to nature, which today accounts for 1% of the CO2 emitted in nature.
Nitrogen is obtained through fractional liquefaction or fractional distillation (LOPES
DIAS, 2021).
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Figure 24 — Haber-Bosch Ammonia production process
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DO

Water electrolysis is a more sustainable alternative for hydrogen generation.

Through green electricity it is also possible to produce ammonia in a more

sustainable way, Figure 25 demonstrates a simpler and greener model to produce

ammonia (F.SERVICE, 2018).
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In the same way that hydrogen can be stored underground, it is also possible to
store ammonia. Hydrogen needs temperatures of -253°C to liquefy, and
pressurized tanks for transport, while Ammonia liquefies at -10°C, as seen in
Figure 26, which makes Ammonia easier for transport and storage (F. SERVICE,
2018; BORLACE, 2020).
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Ammonia is converted to hydrogen through the use of fuel cells without the need to
use external energy sources. The Gas flows through -catalysts where the
separation of Hydrogen and Nitrogen takes place, which is released into the
atmosphere, the hydrogen is then used in fuel cells that release electrons,

producing electricity, by combining with oxygen (GENCELL, Ltd, 2019).

Figure 27 — lllustration of the molecular process of energy production through

ammonia

Source: GenCell Ltd (2019).
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Knowing that a volume of 58.905m?3 has the potential to store 150 GWh of energy
based on the volume of the aforementioned empirical reservoir 17,739,000
meters3, a reservoir with a depleted well, can store 45,172GWh of energy

(International Agency, 2019).

3.8 USE OF WELL STRUCTURE FOR POTENTIAL ENERGY
STORAGE

Gravity is a way to store energy through the use of weights that can be suspended,
to store potential energy, and lowered to generate energy (MORSTYN et al.,
2019).

Figure 28 — lllustration of the energy production process through gravity in wells
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Source: Morstyn et al., (2019)
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It is possible to estimate the energy capacity to be stored according to the following
equation (MORSTYN et al., 2019):

E =nmgD’

Where the efficiency () of the system is considered 80% (MORSTYN et al., 2019),
'm' the mass will be considered 5 tons (5" diameter lead charge, from the
previously agreed empirical well, 35 meters high — density of 11340kg/m3), 'g" is
the force of attraction of the earth, approximately 10m/s?, and D’ is the usable
depth of the well, here 1km, which results in 39.2 MJ or 11kWh.

The discharge speed of the system can be controlled according to the demand, of
course the system can also be adapted to store different loads at the bottom of the
well, which would allow the storage of more energy, in addition to working with
loads of larger diameters. and dimensions depending on the need
(GRAVITRICITY, 2020), existing oil wells can have their diameter increased, or
they can be deepened with the use of reamers (THOMAS, 2001).

3.9 COMPRESSED AIR STORAGE IN THE RESERVOIR

Considering the fact that the reservoir has a large volume, another way of
accumulating and reusing energy from the reservoir would be through the
pressurization of air, with the use of compressors in series of compressed air,
where its release for the production of electric energy would be through turbines. in
times of need, also known as CAES - Compressed Air Energy Storage
(MENENDEZ; LORETO, 2019), as shown in Figure 29.
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Table 4 demonstrates a comparison of air storage in different coal mines with
some known volumes (MENENDEZ; LORETO, 2019), and, although studies are
still needed to prove the use in oil reservoirs, the same analogy of the empirical
reservoir of 17,739,000 meters® and taking into account only the volume in table 4,
a minimum storage capacity of 3.6GW can be estimated.
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Table 4 — Comparison of air storage in different coal mines with some known

volumes
Plant Huntorf Melntosh
Cycle Efficiency 42% 54%
Energy input for 1kWhe 0.8 kWhe 0.69 kWhe
Energy content 642 MWh 2640 MWh
Compression
Max. Electricity input 60 MW 50 MW
Max. Air mass flow rate 108 kg's 0 kg's
Compression units 2 4
Charging time &h 38h
Storage
Cavern pressure range 4.6-7.2 MPa 4.6-7.5 MPa
Cavern volume 310,000 m’ 538,000 m’
Expansion
Max. Electricity output 21 MW 110 MW
Control range 100-321 MW 110 MW
Discharging time 2h 26h
Max. Mass flow rate 455 kp's 154 ka/s

Source: Menendez; Loredo (2019).

In addition to the opportunity for air storage, there are also studies for the storage

of pressurized water for later energy release (POWER TECHNOLOGY, 2016).

3.10 TIGHTNESS MONITORING

There are several possible ways through geophysics to ensure that the well

conditions are stable and with good isolation, but it is also possible to create

monitoring dynamics along the reservoir extension. Among the ways to guarantee

the conditions of the well is the CBL (Cement Bonding Logging), and of the

formations are the pressure tests (PEGASUS VERTEZ, Inc. 2021; THOMAS,

2001).
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Source: Pegasus Vertex, Inc., (2021).

Oil wells are completed using cemented steel casings to ensure insulation between
formations and the inside of the well. The CBL method already mentioned is an
indirect method used to ensure a good quality of cement. In cases of defects, it is
possible to carry out an intervention operation to repair the poor cementation of the
well and, in this way, guarantee that the work has solidified. There are cases where
packers, tubular structures that lock onto linings, can be installed temporarily or

permanently to ensure stability in certain areas of concern (THOMAS, 2001).
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Figure 31 — Methane monitoring systems, fixed and by drones

Source: Baker Hughes (2021).

Regarding the potential for leaks in other regions of the reservaoir, it is possible to
install fixed structures, use drones and also satellite monitoring, as shown in Figure
31 (BAKER HUGHES, 2021).

4. RESULTS AND DISCUSSION

Disengineering reengineering represents a sustainable potential for both the
environment and the economy. The applications in oil and gas wells and reservoirs
initially used for oil and gas exploration have several possibilities of use through

this process.

Depending on the application to be used, there may be a need for intervention, and
consequently an investment needs to be made to prepare the well for its final use.
However, studies have demonstrated the advantages of taking advantage of a fully

constructed structure.
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The application will also determine the type of monitoring of potential emissions
that needs to be structured to ensure zero impact to the environment, and in some

cases special permits need to be developed.

The work focused on opportunities for recycling upper, lower and surface
completion equipment for the reuse of steel, which contributes to the reduction of
CO2 emissions and potential generation of carbon credits for the owner of the
equipment, a market yet to be explored in Brazil, in addition to the opportunity to
use it for carbon capture, which can be used to store carbon generated in Brazil,
or, in other countries around the world, to store energy, with this potential, through
the use of weights, for compressed air, hydrogen and even ammonia. Geothermal
energy generation can also be an option depending on the geographic region
where the well is located, and finally the storage of tailings from different sources,
which nowadays occupy space in areas that can be used for other purposes. Table

5 shows some of the options discussed here.

Table 5 — 5W1H of options for unused wells

What CO:2 Hydroge Total or Storage of Potential Compres
? injection n or Partial Depleted Energy sed air
Ammoni Geother Nuclear Storage
a mal Fuel /
Storage Norm-

Tenorm /
Tailings

Who Oil and Hydroge Electricit Radioactive Renewable Electricity

? gas n or y waste energy generatin
operator, ammonia generati plants, generating g
or producin  ng companies companies company
company ¢ company responsible or energy
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5. FINAL CONSIDERATIONS

The end of the use of the oil well, or the temporary interruption of its use, must not
represent the end of its value to society or stand still without generating
opportunities, its economic value may be even greater depending on the intended
use, and depending on the application, with a small CAPEX and a minimum OPEX,
one can generate profit for many years or opportunities to vacate an area that was
previously destined for tailings, for example.

Disengineering should not be the end or be seen as a penalty at the end of
depreciating the use of an enterprise or asset, but rather it should represent an
opportunity to do more business through reengineering.
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APPENDIX - FOOTNOTE

3. Brazilian National Petroleum Agency.
4. NORM and TENORM are naturally occurring radioactive materials.
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