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SUMMARY

On the basis of the conducted analytical studies, a dependence for determining the drilling
anisotropy index when drilling in inclined formations was obtained. The drilling index of
anisotropy was analytically determined based on industrial data for different deposits and
areas. Based on the results of experimental studies of the strength characteristics of rock
samples, the drilling index of anisotropy was determined. Analyzing the results of laboratory
studies, it was found that the values of the drilling anisotropy index, determined
experimentally, practically coincide with those calculated analytically. With a known drilling
anisotropy index, bottomhole assembly, well geometry, and formation inclination, the WOB
can be determined.
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Introduction

Ensuring the design parameters of the borehole trajectory is one of the main tasks in drilling. The
geological factors that cause arbitrary curvature of wells include anisotropy, fracturing of rocks, as
well as the alternation of rocks of different hardness and angles of bedding (Yurych et al., 2016). By
origin, most rocks have a layered structure. In layered rocks, the stratification planes are attenuation
layers along which the mechanical properties are smaller than in other directions, but in the
stratification planes, themselves the strength and deformation properties are the same. Such rocks are
characterized by a transversely isotropic type of anisotropy. Due to the fact that in the rock there are
horizontal surfaces of attenuation caused by horizontal stratification, these surfaces destroy the rock.

Method and Theory

To determine the index or degree of anisotropy, different methods are used. The most common is the
technique by which the degree of anisotropy is determined by the ratio of the minimum fracture rate
to the maximum. To do this, the mechanical properties of rocks are determined along and
perpendicular to the stratification (Myslyuk et al., 2004). To assess the influence of rock anisotropy on
the change of trajectory during well drilling, the drilling anisotropy index is used « /, »:

ho=1-—1, (1)

where: Vj; is the rate of rock destruction in a direction parallel to layering; V| rate of rock
destruction in the direction perpendicular to the layering.

It is very difficult to determine the drilling index of anisotropy in industrial conditions, as it is
necessary to process a significant amount of geological material (Jun Zheng et al., 2018). The aim of
the work is to develop a methodology for determining the drilling index of anisotropy, which
includes, in addition to drillability, regime and technological factors and formation inclination angles.

When drilling in anisotropic rocks, the direction of drilling does not coincide with the direction of
force acting on the bit. (Kochkodan et al., 2020) To determine the effect of rock anisotropy on the
curvature of wells, let us consider the conditions of drilling in the formation, which is located at an
angle “y” and drilling anisotropy index of which is «A,». Let us choose such coordinate system,
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where axis “x” is perpendicular and axis “y” is parallel to the plane of incidence of the layers (Figure
la). The components of the instantaneous movement in the direction of the axes will be proportional
to the magnitude of the force. For isotropic rocks: in the direction of axis “x” - K - G, ; in the direction

(T3]

of axis “y” - K-H (K - coefficient of proportionality, which depends on the properties of rocks).

For anisotropic rocks, the displacement in the direction of the “y” axis will be less than for isotropic
rocks by the value (1-4,), or in other words K(1 -, )- H . According to Figure 1, we get:
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where: W - current zenith angle at the exit of the formation, grade; y — formation angle, grade.

Figure 1 Scheme for determining the drilling index of rock anisotropy: a — rotation of coordinate
axes; b —wellbore

Equating (3) and (4) we get:

tg(¢77)=tg}(\f—h_7)’ &)

For the condition of stabilization of the zenith angle during drilling in inclined anisotropic
rocks ¥ = « . Substituting in equation (5) ¥ =« taking into account equation (2) and carrying out the
corresponding transformations, we determine the drilling index of anisotropy.

h
—1iga
h — X2 ) (6)
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Equation (7) is transcendent, that’s why it is solved by iteration method. Let us determine the
influence of regime-technological factors and angular parameters of the formation on the change of

e 9

drilling direction. Let's choose the basic coordinate system with axis “x” and “y”, located in the

(Y1)

horizontal plane and axis “z”, directed upwards (Figure 2), moreover, the azimuth of the drilled
formation “®, ”.By rotating the main coordinate system xyz with respect to the "z" axis by the angle

©, and the additional coordinate system xg, g, 2o, With respect to the axis xg, by the angle “y” let's

project R onto the axis xg,,ve,,%0,, -
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Figure 2 Scheme for calculating the spatial orientation of the well

After performing the appropriate trigonometric simplifications, we obtain in the direction of the main
coordinate systems x, y, z increments of instantaneous displacements AV, , AV, AV, .

AV, =kG, cosa l—itgza (atgpsin @ + bsin ysin O, )
Xy

AV, =kG,cosa 1—£tg2a (atg¢cos®+bsinycos®l) ’ (10)

X,

AV, =kG, cosa l—itgza (a+bcosy)

Xy
where: G, cosa[l—htgzaJ:RCOS(o’ (1D
X2
a=1-h,, b=h, cosy[igp-1gy-cos(@—0,)+1], (12)

The angle between the vertical and the bottomhole load vector « ¢ » can be determined by solving
equation (5) for the zenith angle stabilization condition (V¥ =« ).

tg(“—7)+(1—ha)fg7, (13)

tgp=
1-h, —tgy-tgla—y)

According to the increments of instantaneous displacements it is possible to determine the zenith «,
and azimuthal ®, angles when drilling anisotropic rocks of unconformable layers using such
dependencies:

3 \/a2tg2¢ +b?sin? y + 2abigpsin ycos(@ - ®1)

tga, , (14)
a+bcosy
100, = atg(ps1n®+bs%n;/sm®1 , (15)
atgpcos® + bsin y cos O,

If ® =0, it means a stabilization of the zenith angle. Then

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

15-18 November 2022, Kyiv, Ukraine




Monitoring’2022 EAGE

tga, = 4180 bsiny (16)
a+bcosy

According to the formulas above, table 1 shows the results of calculations for the most common

configurations with different values of zenith angles and formation angles.

Table 1 Calculation results for the most common configurations with different values of zenith angles
and formation angles

Ne D()’ GO’ Pn> Oy Vs m X, p x h ha ? Oy G)K’
mm kN kg/m? gr, gr *10° ‘ *10 *10 gr gr gr
1 393,7 180 1360 5 10 23,22 3,501 4,1 0,645 | -1,17 | 0,33 4,8 4,97 35,99
2 393,7 240 1360 3,65 4 23,21 4,633 5,6 0,796 | -0,92 1,7 3,6 3,64 38,95
3 295,3 220 1360 2,9 50 23,20 4,281 2,8 0,901 -3,27 | 0,63 2,7 2,86 36,63
4 295,3 200 1620 2,45 5,5 23,52 3,999 3,3 0,932 | -3,37 | 042 2,2 2,33 36,77
5 2953 250 1100 3,5 12 24,55 3,598 1,4 0,767 | -3,24 | 0,36 3,2 3,53 77,62
6 295,3 160 1100 5,25 15 24,87 3,272 1,1 0,929 | 431 0,77 5,0 5,73 75,58
7 2953 200 1200 10,3 20 24,96 4,120 0,6 1,03 -4,92 1,15 9,0 10,2 75,57
8 295,3 200 1100 6 25 24,87 4,091 1,1 1,053 | -4,89 | 0,39 53 5,96 77,01
9 2953 190 1100 4 20 24,45 3,878 1,6 1,054 | 4,74 | 6,31 3,5 3,99 77,08
10 295,3 190 1100 10,5 30 24,47 3,916 0,05 1,054 | -5,07 | 0,71 9,1 10,3 76,36
11 2159 180 1560 2,14 3,5 20,71 8,280 2,4 0,934 | -2,59 | 047 2,1 2,21 36,19
12 215,9 190 1560 1,0 2,5 20,69 8,742 3,5 0,934 | -1,52 | 0,26 1,0 1,13 35,93
13 190,5 200 1280 1,0 10 18,54 10,83 6,9 0,934 | -8,94 | 0,06 0,9 1,03 36,02
14 190,5 60 1100 10,5 30 17,58 4,254 1,07 1,055 | 4,88 | 0,63 9,3 10,5 76,54

Note: for 1-4 1 11-13: ®=35°, ©,=50"; for 5-10 1 14: ®=80°, ®,=60°; for 1-4 4,=229 mm, d,=90
mm; for 5 d,=254 mm, d,=100 mm; for 6-10 d,=294,5 mm, d,=240 mm; for 11-12 4,=215,9 mm,
d,=178 mm; for 13-14 d,=190,5 mm, d,=146 mm.

Industrial verification of the developed method for determining the drilling index of anisotropy was
carried out during drilling of some intervals in the wells of Strutynska Square in the Precarpathian
region. According to the results of well drilling, taking into account the drilling index of anisotropy
for the selected intervals, the intensity of wellbore curvature decreased.

Conclusions

As a result of the research, an analytical dependence to determine the drilling index of anisotropy in
inclined rock layers, taking into account the formation angle was obtained. Moreover, the value of the
anisotropy index is most influenced by the mineralogical composition of the rock. The values of the
drilling index of anisotropy, determined experimentally, coincide with the results of analytical
calculations with a sufficiently high accuracy. The use of the drilling index of rock anisotropy made it
possible to rationally choose the regime and technological parameters of drilling wells in different
layers of the rock.
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