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SUMMARY

The variety of existing problems associated with the delineation of productive layers is very
large. Of particular concern is the fact that many of the operating wells constantly experience
pressure in the annulus. This indicates the existence of a connection between the pressure
source and the annulus. Improving the quality of primary cementing of new wells, as well as
the elimination of fluid leaks in existing wells, is the logical right decision in the direction of
improving the methods of delineating productive zones and protecting the environment.
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Introduction. The process of formation of well casing, the main element of which is the annular
space, is one of the most important, since its reliability and tightness ensure the efficiency and quality
of wildcat, exploratory and production drilling (Kovbasiuk et al., 2021). Of the entire cycle of well
construction, the stage of reservoir delineation is one of the most critical, due to the fact that it is the
final one and errors during its implementation can nullify the results of previous stages of work. In
addition, well integrity issues are closely intertwined with environmental problems that lead to
environmental pollution.

Since the beginning of well cementing, oil and gas exploration and production companies have been
constantly trying to improve the methods of demarcating productive zones. The complex
interrelationships between geological, chemical and physical factors that are observed during the
completion of oil and gas wells pose unique challenges in their complexity that cannot be solved
based only on practical experience, no matter how great it may be. This type of problem arises both in
new, constructed wells, and in long-term operated ones (Femiak et al., 2019).

Method and Theory. The main purpose of the cementing process is to ensure the tightness of the
annular space between productive and other permeable formations and the channel for transporting
fluid to the surface. If the tightness of the annular space cannot be achieved, then due to the pressure
drop, formation fluid, especially gas, penetrates into it and can move through the cement slurry. This
phenomenon leads to the formation of channels for the migration of formation fluids through the
cement sheath between different formations and even to the surface. All these cases are dangerous and
require significant expenditures of funds and materials to eliminate them.

Three factors are necessary for the occurrence of the phenomenon of gas migration: the path for
migration; space for penetration; condition when the pressure in the annulus is less than or equal to
the pore pressure of the gas-bearing horizon.

The main thing in understanding the problem of gas migration is that leak channels are formed in the
cement slurry, the state of which changes over time - from liquid to solidified. After pumping the
cement slurry to a given depth, after a certain time, the structure of the cement stone begins to form,
the dispersed phase of the suspension forms a spatial lattice, as a result of which only the dispersion
medium exerts counterpressure on the fluid-saturated formation. This counterpressure is much less
than that created by the cement slurry in the liquid state. Such changes in the state of the suspension,
combined with complex well conditions, make laboratory modeling too complicated. Despite this, it
has become possible to identify three separate channels of possible gas migration that can form in
parallel in the well annulus.

The first gas migration channel arises due to the presence of drilling fluid residues in the cement
sheath, which is the result of its poor-quality replacement with cement slurry (Figure 1). As the
drilling fluid dehydrates and contracts, formation fluids may migrate from the voids present.

In the second option, gas can migrate due to microcracks between the casing string and cement stone
as well as cement stone and well walls (Figure 2). These microcracks develop due to a decrease in the
volume of the cement stone owing to the phenomenon of contraction and shrinkage, which is caused
both by processes occurring inside the hardening system and arising under the influence of the
external environment. Changes in pressure and temperature over the life of a well only exacerbate this
problem. The presence of thick mud cakes or mud residues in the well annulus also increases the size
of the microcracks present.

The third channel for gas migration has been the most studied by scientists over the past 20 years.
While the first two channels are formed outside the cement sheath, the third allows gas to move along
the cement stone itself (Figure 3). It has been called channels in the matrix of cement stone because
the gas passes through its microstructure or it creates tiny cracks in the cement slurry, which for some
reason has not hardened (Bo! et al., 1991)).

Gas migration can be short term or long term. Short-term gas migration may begin before the end of
the cementing process or before the cement is fully cured. Long-term gas migration occurs after the
formation of the cement stone, it can begin after several weeks or even after the completion of the
well cementing process. The reasons and methods of control for each of these types of movement
differ significantly. Figure 4 shows the possible effects of short and long term gas migration.
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Figure 2 The second channel for gas migration: due to micro-cracks between the cement stone and
the walls of the well and the cement stone and casing

Figure 3 The third channel for gas migration: through the microstructure of the cement stone
(channels in its matrix)
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Figure 4 Consequences of short and long term gas migration

Short-term gas migration occurs due to a decrease in hydrostatic pressure on a fluid-saturated
formation, which occurs due to an increase in the static displacement pressure of the cement slurry.
This allows the gas to migrate through the cement slurry. If the cement slurry does not have a
sufficient stability indicator, this leads to the separation of water from it and, as a result, the density of
the slurry changes along the height of the annulus, water belts are formed and the permeability of the
cement stone increases. The formation of water belts is especially dangerous in directional wells,
where there is a gravitational separation of the phases of the cement slurry and the dispersion medium
can occupy a one-sided position in the annular space, creating a long leaky channel. Cement hydration
processes are accompanied by a decrease in the volume of samples due to the chemical binding of part
of the intergranular water and a decrease in the absolute volume of the "cement-water" system and the
solid phase contained in it. Cement stone either shrinks or expands depending on the humidity of the
environment. If the change in the volume of the system proceeds evenly and is relatively small, then it
does not cause dangerous stresses and does not lead to the appearance of cracks and destruction in the
stone. However, if the hardening of the cement stone occurs under conditions of low relative humidity
and elevated temperatures, then as a result of intensive evaporation of water, the cement stone is
compacted, it shrinks, significant stresses arise that can lead to the formation of micro- and
macrocracks, disruption of its solidity and creation of conditions for active exposure to other external
aggressive factors.

Long-term gas migration occurs due to damaged cement sheath, micro-cracks or channels in the formed
cement stone. Damage and cracks can occur due to any loads applied to the cement sheath, such as
pressure and temperature cycling in the well, various technological operations, corrosion destruction of
the cement stone, as well as tectonic disturbances in the earth's crust (Kovbasiuk et al., 2020).
Recommendations. The presence of channels for the flow of fluids in the annular and column space
is the cause of a large number of complications both during the construction and operation of wells.
Such complications include annular pressures, early product watering, behind-the-casing flows, the
formation of secondary man-made deposits, gryphon formation, etc. These problems can be solved in
two ways: the first is to prevent the formation of leakage channels; the second is the elimination of the
formed channels. Preventing the formation of leak channels lies in the plane of designing cement
slurry formulations with a minimum water separation rate and optimal rheological parameters.
Cement stone from such slurries should have the necessary temperature and corrosion resistance,
maximum compressive and bending strength, minimum penetrating properties for gas and water, and
the ability to positive volumetric changes. In addition, the issues of optimizing the technology of work
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during cementing of wells are important, which are associated with the preparation of the wellbore for
cementing, technological equipment of casing strings, the use of separating and active buffer fluids
for dispersing mud cake, the choice of rational methods of cementing and their modes, the installation
of viscoelastic pigs in the annular well space.

To eliminate the formed channels, repair and insulation work is carried out: remedial cementing under
pressure; isolation of channels with blocking mixtures (mixtures based on aqueous salt solutions,
polymer solutions, resins, silicate materials); the use of low-viscosity liquids, which, together with the
gas, enter the smallest channels, where they solidify; installation of packers inside the string.

Conclusions. Based on the analysis carried out, it can be concluded that the solution to the problems
associated with the formation of a reliable and leakprooof well casing can be achieved through the
development and implementation of:

- cement slurries with reduced water loss and water content;

- cement slurries, the stone of which expands at the stage of curing and early hardening, due to the
addition of expanding additives based on modified calcium and magnesium oxides (Chernyshov et al.,
2013);

- modified backfill materials with high thermal and corrosion resistance and the ability to form cement
stone of low gas and water permeability;

- staged cementing using portions of cement slurries with different thickening periods so that the
lower portion turns into a solid before the upper portion begins to thicken, which will allow creating
hydrostatic pressure on the lower portion in the process of curing and gaining initial strength;

- new methods for regulating the processes of structure formation by means of semi-functional
additives, including those of plasticization and accelerating effect (Kotskulych et al., 2015);
- carrying out repair and insulation works in existing wells to restore the necessary casing functions.
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