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SUMMARY

In the process of forming the casing of oil and gas wells, especially those with intervals of
flow rocks, a number of problems arise that are the result of geological and technological
factors. First of all, the complexity of solving such problems is associated with the formation
of large cavities in the process of deepening the well, loss of stability of its walls, and
complications during the running and cementing of casing strings. As drilling operations
uncover rocks with different lithological composition, physical and mechanical properties,
the nature and degree of their saturation and the type of fluids, and different thermobaric
conditions, unstable and unbound rocks are encountered alongside stable rocks where the
wellbore may not be fixed for a long time, which directly affect both the well construction
process and the duration of operation. Despite the significant research results, the processes
of deformation, displacement and fracture of rocks have not been fully investigated, and a
number of new, previously unknown and unaccounted-for circumstances and patterns of
deformation and stress state of the rocks surrounding the well have been identified.

XVI International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

7—-10 November 2023, Kyiv, Ukraine




Monitoring’2023 EAGE

Introduction

Increasing hydrocarbon production requires drilling more wells and developing deposits that lie at great
depths and in difficult geological conditions, which often involves damage to well casing, as a result, it
loses its efficiency and the wells require costly repairs, often resulting in gas blowouts, which causes
huge environmental damage, social problems, and in some cases, wells are abandoned. In the oil and
gas well construction cycle, well casing is considered to be one of the most important factors that
determines the durability of a well as an engineering structure (Shatskyi et al., 2021). However, the
practical experience of drilling operations in such conditions shows that the methods used today to
prevent these complications and eliminate their consequences do not fully solve the problems and they
remain relevant. The problem of studying the earth's interior, rock masses, physical and mechanical
processes occurring in the subsoil in connection with mining methods, systems, and processes of impact
on rock masses, laws and regularities of phenomena occurring in the subsoil in the field of mining is
very relevant. Only a deep understanding of the nature of these processes and phenomena, theoretical
and experimental research using modern achievements will allow us to improve and develop new
approaches to solving these problems (Femiak et al., 2022; Grydzhuk et al., 2022).

Method and Theory

In the case of rocks with high rheological properties (visco-plastic clays or chemogenic deposits)
behind the casing, the wellbore support is subject to a set of forces that may exceed the permissible
values for the support elements (Dzhus et al., 2023). The most severe consequences for well casing
occur in the event of damage, up to the point of casing crushing, due to the forces acting on the casing
caused by geomechanical processes developing in the well vicinity, which may be stable or unstable
in time. These forces are correlated with the mechanical properties of rocks, which characterise the
change in strength and deformation parameters relative to the initial values, i.e. before the natural
equilibrium of the rock mass is disturbed. Over time, during the construction or even operation of a
well, unstable geomechanical processes manifest themselves in the form of forces caused by rock
pressure, which is a consequence of the flowage of certain types of rocks, including clay and
chemogenic rocks. Clayey rocks contain a significant amount of minerals (kaolinite, montmorillonite,
hydrosludite, etc.), which give the whole rock specific properties, primarily plasticity. In addition,
under certain conditions in the well, they are prone to volume changes over time, which manifests
itself in both swelling and contraction phenomena. In general, clay rocks can be in a solid
(crystalline), plastic or even fluid state, depending on their genesis and conditions of occurrence.
These conditions can change during well construction, and clay rocks that were in a solid state can
become fluid, which has a very negative impact on the stress state of the wellbore. The flowage of
rocks can be assessed by their plasticity, which is the ability of a rock to acquire residual (irreversible)
deformations after the load is removed. It should be noted that the division of rocks into elastic and
plastic is quite arbitrary, since depending on the speed of application of the load, both the first and the
second can simultaneously appear. Rock pressure, as a constantly acting factor, is perceived by the
rocks and through them is transmitted to the well casing, and at a constant value of this pressure,
different loads can be applied to the casing depending on the state of the rocks. The elastic properties
of rocks are time-independent, whereas in plastic rocks the deformation does not remain constant
under a constant load. These states of rocks correspond to different deformation patterns over time
under constant load, i.e. rock creep (Fig. 1).
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Figure 1 Creep curves of clay rocks in different states:1 - non-plastic (dry); 2 - plastic; 3 — free-
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This is because grain boundaries in polycrystalline materials behave like a viscous fluid. The high
ductility of clay rocks is due to the presence of hydrate shells around each mineral particle, which
reduce the strength of the contact. The amount of water in rocks can be estimated by the moisture
content, which is determined by the ratio of the mass of water — mB to the mass of the mineral

skeleton of the rock — mC (W = m% ¢ )- The moisture content at which a clay rock passes from a

non-plastic state to a plastic state is called the plastic limit (W¥,)), and from a plastic state to a flowable
state is called the yield strength (W,,). The difference (W,- W,) — is the plasticity number, which
characterizes the moisture range within which the clay rock is in a plastic state. If water-based drilling
fluids (dispersion medium) are used as a drilling fluid during well drilling, clay rocks in a crystalline
state change into a plastic or even fluid state as a result of their moistening. This change of state
becomes catastrophic with an increase in the filtration parameter of the drilling fluid and the time of
its contact with the rock. During various technological operations in the well, including the final one
related to the formation of its casing (i.e. rock isolation), the use of various types of liquids based on
water only aggravates the situation, resulting in damage to the casing.

The occurrence of clay rocks in well sections at different depths is typical for almost all oil and gas
fields in Ukraine. At the same time, the occurrence of chemogenic rocks (halite, bischofite, carnallite,
kieserite) is typical for some DDR fields (Yaroslavske, Lysohorske Mashivske, Skhidno-Poltavske,
Kobzivka, etc.). Typically, such deposits are in crystalline form, but their wetting with drilling fluid
filtrate or other process fluids leads to the same negative phenomena and consequences as wetting clay
rocks. At the same time, chemogenic sediments are more dangerous than clay deposits because they
occur at greater depths, which increases rock pressure and is considered an aggressive environment in
relation to the cement. The most common are potassium-magnesium deposits, which have a high
degree of solubility and the use of water-based drilling fluids leads to the formation of asymmetric
cavities. The presence of a large, mostly asymmetrical cavity in the well, which is only partially filled
with cement during cementing, creates favourable conditions for bending the casing and subsequent
buckling. Different regions of the DDR use different methods to prevent complications during drilling
and well cementing, which in turn is due to the different nature of salt fluidity not only in different
regions but also within the same field, especially Kobzivske, which depends on the physical,
mechanical, lithological and chemical properties of rocks containing potassium-magnesium salts, their
genesis and occurrence. The analysis of industrial data (Dyachuk, 2004; Orynchak et. Al 2016) on
deposits and areas of the subsoil and the experience of drilling and casing wells in sections represented
by fluid-prone rocks shows that the problems arising from this are the result of the combined effect of
various natural and technological factors and therefore have an unpredictable, possibly random nature.
If the rock is in an elastic-plastic state, the loss of wellbore stability is possible only as a result of the
destruction of its walls, while if the rock is in a plastic state and even more so in a fluid state, special
measures must be taken to prevent further fluidity, i.e. to restore balance in the “rock mass-wellbore”
system. Thus, during the development of the southeastern block of the Mashivske field, 5 wells were
drilled in the bischofite zone, and each of them experienced complications and accidents in the
intervals of potassium-magnesium salts, which in turn led to the drilling of second, third and even
fourth holes or even to the abandonment of wells for technical reasons.

Explorers drilled 14 prospecting and exploration wells at the Skhidno-Poltavske field. Of these, three
(No. 5, 8 and 9) were re-drilled twice due to complications in the bischofite zone, wells No. 1, 2 and 3
were not brought to design depths, and well No. 4 experienced a bend in the production casing with a
diameter of 146 x 140 mm in the bischofite interval at a depth of 2,457 m. In total, Ukrburgaz drilled
11 wells in 2004, including 6 by Poltava Department of Drillilling Operations (Nos. 52, 54, 55, 60,
100, 62) and 5 by Khrestyshche Department of Drillilling Operations, only two of which (Nos. 53 and
51) were drilled without complications, and three (Nos. 56, 57, 59) experienced deformation of 245
mm diameter casing, including twice in well No. 56. Well No. 9 was the first well at the Kobzivka
field to discover bischofite. The deformation of the 245 mm diameter casing was caused by potassium-
magnesium salt flow, which was not detected in time. Further work at the Kobzivske field was
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continued by Khrestyshche Department of Drillilling Operations with drilling of wells No. 10 and 11.
According to the profiling data, at the 2300 m bottomhole, the cavity diameter in the interval 2197-
2217 m exceeded 800 mm with a nominal borehole diameter of 295 mm.

Based on the results of drilling operations and analysis of core, it was concluded that potassium-
magnesium salts are unevenly distributed within the Kobzivka structure. In addition, it was found that
as the wells move away from the centre to the periphery of the structure, the lithological and chemical
composition of the salts changes significantly and halite is not absolutely pure, it contains impurities
of bischofite, carnallite or kiserite in varying amounts, i.e. more soluble salts and the greatest erosion
of the borehole occurs against rocks containing potassium-magnesium salts, and opposite rocks
containing halite, the borehole expansion is less.

Recommendations

To date, there are measures and methods proposed to increase the resistance of wellbore casing to
external forces caused by flow rocks. They include:

- Securing the wellbore in the interval of flow rocks with several casing strings. This method can only
be implemented if such a well design is technically feasible. However, it increases the consumption of
casing and cement, which affects the cost of production.

- Placing of a cement plug inside the casing opposite the interval of flow rocks. This method is
temporary in nature, as it is used for the period of formation of the cement plug in the annular space of
the well, after which it is drilled out. Since external forces are still present after the formation of the
casing, the efficiency of this method is extremely low. In addition, additional materials and time are
consumed.

- Tensioning of the casing string after casing fastening. This method involves increasing the casing's
resistance to external pressure by applying additional tension. Using this method can lead to a
breakdown in contact between the wellbore support elements and the formation of leakage channels.

- The use of differently designed discharge channels to redistribute external pressure inside the casing.
This method complicates the casing manufacturing process, and the relief channels themselves weaken
the strength characteristics of the pipes and can be a potential leakage point.

- Increasing the strength of casing pipes by welding stiffeners on their outer lateral surface [4]. The
disadvantage of this method is that it requires significant time and materials, deteriorates the strength
characteristics of the steel from which the pipes are made, welding such seams on alloy steel pipes
(strength groups E, L, M, P, T) requires special equipment, increases the outer diameter of the casing,
which leads to the need to change the well design, and significantly complicates the technology of
running the casing into the well.

Conclusions

For the successful construction of oil and gas wells with intervals of flow rocks, it is advisable to
adhere to the following recommendations:

1. In the process of deepening the borehole, driilling fluids should be used that do not contain water or
saline drilling fluids as a dispersion medium; in all cases, regardless of the type of driilling fluid, the
filtration rate should be as low as possible (2+4 c¢cm?/ 30 min). Inhibitors and surfactants should be
used in the formulation of driilling fluids to counteract the wetting of clay minerals. The above will
eliminate (or minimise) the wetting of flowing rocks and, as a result, change their state, prevent the
violation of the integrity of the well walls and the formation of cavities. To create backpressure on
formations with " flowable" rocks, the density of the drilling fluid should be as high as possible for
specific geological and technical conditions.

2. It is advisable to drill the intervals of flow rocks separately, if technically feasible and the well
design allows, and the mechanical drilling speed should be as high as possible. Also, drill bits should
be selected so that this interval can be drilled in the minimum number of trips (optimally in one trip)
(Grydzhuk et al., 2022). This will reduce the time of contact between the mud and the borehole walls
with composite flow rocks.

3. The work should be planned so that the time from the end of drilling the interval of flow rocks to
the end of its fastening is minimal. The most time can be spent on running the casing string, so to
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reduce this time, it is advisable to use running the string in sections and casing with high-quality
threaded connections. It should also be borne in mind that as the pipe diameter and ovality index
decrease and the wall thickness and strength characteristics of the steel increase, their ability to
withstand external pressure increases. The wellbore should be prepared in accordance with the
applicable requirements and the casing should be equipped with the necessary technological
equipment.

4. To fill the annular space of the well, cement slurries made of special corrosion-resistant cementing
materials prepared with salt solutions (up to concentrated) should be used. The type of cementing
material, the type of salt and its concentration in the slurry are determined by laboratory tests in
accordance with the conditions of a particular well. In the process of cementing, it is mandatory to use
chemically active buffer fluids to disperse the clay crust and clean the cavities (if any) from the
remnants of the drilling fluid. The formulation of the cement slurry should be such that, taking into
account the thermobaric conditions, the cement plug can be formed from it in the shortest possible
time (especially in the interval of fluid rocks), since the formation rate is directly related to the
ambient temperature. Studies have shown that a change in ambient temperature by 10 °C causes a 2 to
4-fold change in the rate of curing of the cement slurry.

5. Creation of a massive cement sheath behind the casing in the interval of flow rocks (Biletskyi et al.,
2017). This method is quite easy to implement and its essence lies in the fact that the wellbore in the
interval of flow rocks is expanded to the required size and filled with reinforced cement slurry, after
which a massive cement sheath is formed, which, together with the casing, is able to reliably resist
external forces.
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