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WALLS OF DIRECTIONAL WELLS IN THE MINING AND GEOLOGICAL CONDITIONS OF 

UKRAINIAN FIELDS

Introduction
The current state of oil and gas production in Ukraine is
characterized by the depletion of the main hydrocarbon
deposits at the final stage of development, as well as by
geographical location near urbanized territories and
recreational areas. This circumstance, combined with the
most difficult mining and geological conditions in Europe,
necessitates the construction of wells with a complex
spatial architecture, in particular, directional and horizontal
wells. (Kovbasiuk et al., 2020).
Drilling of wells of this type, as a rule, is accompanied by a
number of technological incidents, including violations of
the integrity of the borehole walls, formation of keyseats
and cavities, which, in turn, lead to complications and
accidents, as well as significant material damage.
Ensuring the integrity of the walls of wells during their
drilling is one of the primary tasks of improving the quality
and increasing the technical and economic indicators of
their construction. (Chudyk et al., 2021).

Method and Theory
Analyzing scientific works related to the study of reservoir
rocks of oil and gas fields, it was found that in some cases
the complexity of the structure of the pore space and
geological sections is due to the significant content of clay
material (Fedoryshyn et al., 2019; Femyak et al., 2020;
Ftemov et al., 2021). In the process of constructing
directional wells in deposits of potentially unstable clay
rocks, drilling specialists are primarily interested in the
condition of their wellbore. At first, the problem of
ensuring the stability of clay rocks was solved empirically,
based on the provisions of rock mechanics. The main way
to solve the problem was considered to create an
appropriate backpressure on clay rocks during drilling by
increasing the density of the drilling fluid (Gorodnov,
1984).
Along with the influence of the density of the drilling fluid
on the stability of the borehole walls, its interaction with
clay rocks, which eventually become weaker and lose
stability, is of scientific interest. The consequence of this
interaction in the process of well construction is the loss of
borehole stability, manifested in the form of constrictions
or cavities, packing, drags, wall friction, deterioration of
the technological parameters of the solution, etc. However,
despite numerous detailed studies, according to many
experts, this issue still remains insufficiently studied.
It was later established (Chudyk et al., 2012) that some of
the facts of loss of stability of the borehole walls are
associated with the presence of plastic clay minerals in the
composition of rocks that swell, capable of a significant
increase in their volume upon contact with the filtrate of
water-based drilling mud. That is why the physicochemical
method of increasing the stability of the borehole walls
includes the use of inhibiting oil-based drilling fluids and
the use of baths (drilling process fluids).
In some cases, it is recommended to use corrugated casing
pipes to cover sections of the wellbore, where intensive
crumbling and collapse of rocks are observed (Chudyk et
al., 2021).

Results
One of the most effective ways to strengthen the borehole
walls is the use of a fuel- bituminous bath (Orynchak et al.,
2010), which consists of household fuel and oxidized
bitumen. Such a bath increases the strength of the rock for
indentation of the indenter by 1.2 ÷ 4 times of the initial
strength, ensures the integrity of the wellbore walls,
counteracts the penetration of filtrate into the walls of the
borehole and significantly increases the life of the bath, but
does not provide sufficient penetration of bitumen into the
rock.
Therefore, a modified fuel-bituminous bath is proposed,
which has a minimum interfacial tension that occurs
between the bath and the rock. The minimum value of
surface tension forces is achieved by introducing a
surfactant into it, for example, sulfonol.
Evaluation of the efficiency of the fuel-bituminous bath in
laboratory conditions was carried out on argillo-arenaceous
rock samples of four types: 15 percent of clay and 85
percent of sand; 50 percent of clay and 50 percent of sand;
85 percent of clay and 15 percent of sand; 100 percent of
clay.
Samples were made from quartz sand sifted through a No.
09 sieve and clay taken from a quarry (village of Zahvizdia,
Ivano-Frankivsk region). The clay was dried, and the solid
particles were removed. Adjusting the clay content made it
possible to change the permeability of the samples over a
wide range. Clay and washed quartz sand were moistened
with water, thoroughly mixed, pressed, and then dried
under standard conditions for 72 hours. For the
manufacture of clay-sand samples, special metal clips were
used.

To determine the effect of the modified fuel-bituminous
bath on the strength properties of rocks, a study of treated
and untreated samples for indentation of the indenter under
thermobaric conditions was carried out using an
experimental setup, the diagram of which is shown in
Figure 1 (Chudyk et al., 2019). The experimental setup
consists of a block for filtering a process fluid through rock
samples (Figure 1 a) and a block for studying the physical
and mechanical properties of rocks (Figure 1 b). An
original research technique has been developed that allows
simulating conditions in a real well (Chudyk et al., 2019).
To carry out the experiment, a number of preparatory work
was carried out, in particular, the oxidized bitumen was
heated to the melting point, and then it was dissolved in
household fuel, where sulfonol was previously introduced.

1 – tank; 2 – water; 3 – heating element; 4 – regulator;
5 – control unit; 6 – filter vessel; 7 – pressure gauge;
8 – rock; 9 – filtration grid; 10 – ring; 11 – oil pan;
12 – screw; 13 – process fluid (bath); 14 – cylinder;

15 – hub; 16 – needle valve; 17 – machine oil;
18 – plunger; 19 – adjustable weight; 20 – bowl;

21 – vessel; 22 – ring; 23 – cover; 24 – guide sleeve;
25 – pressure plunger; 26 – indenter; 27 – press;

28 – gasket; 29 – pump; 30 – pressure gauge;
31 – indicator.

Figure 1 Schematic diagram of the experimental setup

Prepared rock samples were first tested for strength by
indentation of an indenter and their mass was determined.
Indestructible clay-sand samples are placed in a modified
fuel-bituminous bath (Figure 1 a) with different
concentrations of oxidized bitumen, within (1 ÷ 9)%, and
kept from 1 to 9 hours. Every 2 hours, rock samples were
taken out of the bath and the strength by indentation of the
indenter was measured (Figure 1 b), comparing it with the
initial one, and their mass was also determined in order to
find out the volume of the bath that penetrated deep into the
sample.
As a result of indentation of the indenter, it was found that
for a rock with a high clay content, the indicator of the
breaking force is lower compared to rocks with low clay
content (porous and fractured). The dependences Р=f( ),
were obtained, which quantitatively and qualitatively prove
the influence of temperature, pressure and saturation of the
modified fuel-bituminous bath on the mechanical
properties of the models (Figure 2).
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According to the results of the study, it was found that the
modified fuel-bituminous bath has minimal surface tension
forces arising between the bath and the rock sample. In our
opinion, this is achieved through the introduction of sulfonol,
since its molecule consists of two globules: hydrophilic and
hydrophobic. The hydrophobic globule interacts with household
fuel and oxidized bitumen, and the hydrophilic globule interacts
with water and the surface of the rock. The optimal
concentration of sulfonol in the bath, according to literature
sources (Orynchak et al., 2010), ranges from 0.5 to 2.0%, taking
this into account, the optimal admixture of sulfonol in the
modified fuel-bituminous bath was taken - 1%.

a) 85 % of sand and 15 % of clay

b) 100 % of clay
1, 2 – respectively untreated and treated rock of the modified 

fuel-bituminous bath
Figure 2 Dependence of the resistance reaction of rock samples 

on the depth of indentation into it

Thus, the study established the recipe for the modified fuel-
bituminous bath: household fuel – 92 %; oxidized bitumen – 7
%; sulfonol – 1 %.
It was found that the use of the proposed bath for 7 ÷ 8 hours
makes it possible to increase the strength of the rock for
indentation of the indenter by 1.5 ÷ 4.5 times, which will
contribute to a significant increase in the integrity of the
borehole walls.
The duration of the action of the modified fuel-bituminous bath
was estimated by analogy, as well as the duration of the action
of the fuel-bituminous bath (Chudyk et al., 2012). The results of
experimental studies are shown in table 1.

Table 1 Change in the mass of modified rock samples depending 
on the time of their stay in the filtrate of the drilling mud with 

different salt concentrations
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24 16
b. d. 16,5 17 18 15 14,5 16 18 15 14,5 16 18

48 e. d. 16,5
b. d. 17 18 15 14,5 16 18 15 14,5 16 18

72 – e. d. 17 18 15 14,5 16 18 15 14,5 16 18

120 – – 17 18 15
b. d. 14,5 16 18 15 14,5 16 18

240 – – 17
b. d. 18 e. d. 14,5 16 18 15 14,5 16 18

360 – – e. d. 18 – 14,5 16 18 15 14,5 16 18
1200 – – – 18 – 14,5 16 18 15 14,5 16 18

Notes: b. d. – beginning of destruction; e. d. – end of
destruction.
As a result of the research, it was found that the life of the
modified fuel-bituminous bath is longer than that of a
conventional fuel-bituminous bath, especially for rock samples
in the filtrate of clay drilling mud. The service life of the
modified bath is 1.5 ÷ 5 times longer than that of a conventional
fuel-bituminous bath.

Conclusions
A formulation of a modified fuel-bituminous bath has been
proposed, in which, in addition to household fuel and oxidized
bitumen, 1% of sulfonol is introduced, which increases its
duration by 1.5 ÷ 5 times in comparison with a fuel-bituminous
bath. It was found that the use of the proposed bath for 7 ÷ 8
hours makes it possible to increase the strength of the rock for
indentation of the indenter by 1.5 ÷ 4.5 times, which will
contribute to a significant increase in the integrity of the
borehole walls.
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