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ABSTRACT

This article provides a calculation of the profile, which, at
a given radius of curvature, ensures the required zenith angle
of multilateral wells of a horizontally branched section at the
required depth, the lengths and projections of other
characteristic profile sections, the coordinates of the end
points of the branches and the values of the zenith angle and
azimuth in them when drilling along a given radius. The
relevance of the research lies in the development of
recommendations for the use of horizontally branched wells
in the construction of oil and gas wells, taking into account
the geological features and the influence of technological and
technical factors in the penetration with horizontal and
multilateral wells. Calculations make it possible to choose a
well drilling technology that provides maximum development
profitability and a reliable, stable operation of the selected
wells without complications. Based on calculations
conducted, it is concluded that horizontal wells are efficient if
the formation is uniform or almost uniform in terms of
permeability. In order to reduce the influence of uniformly
impermeable formations, it is recommended to drill
horizontally branched wells. When drilling a well with
horizontal endings with the zenith angles of 85-90 degrees,
the configurations of the well axis in the branch sections are
circular arcs with a decrease or increase in the zenith angle in
planes different from the apsidal plane of a horizontally
branched section.

Key words: Length of a horizontally branched section,
inclinometry, design profile of a multilateral well, zenith
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1.INTRODUCTION

The current stage of production drilling is characterized by a
transition from the practice of laying individual wells to the
system of developing oil and gas fields with wells.

The optimization of oil and gas recovery should be based on
the development of knowledge about the structure of
productive formations and the movement of fluids in
combination with horizontal and multilateral wells systems.
The features of the geological structure of oil and gas fields
can be determined by combining the data obtained as a result
of seismic work, geophysical and hydrodynamic studies

during well construction, and probabilistic modeling of the
formation. Moreover, the efficiency of horizontal and
multilateral wells systems depends on the consistent and
adequate application of the source information at the design
and implementation stages.

Taking into account the prospects of this direction, the
present work analyzes the efficiency of the construction of
multilateral wells [1].

In order to avoid the undesirable consequences of well
curvature, one should know the causes and patterns of
curvature, as well as ensure that wells are installed in a given
direction. There is also a need to know the laws of curvature
for the implementation of artificial well deviation. It makes it
possible to avoid the laying of wells with inclined boreholes
and to strike the productive horizon at several points from
one main borehole.

The basic principles of drilling directional and horizontal
wells served as the basis for the development of a method of
the multilateral drilling of productive formations, providing a
many-fold expanded drainage zone and a filtration surface in
the productive formation. This method is also used when
drilling additional boreholes to extend the life of the
production well.

In 1953, A.M. Grigoryan in cooperation with Yu.P. Borisov
addressed some basic theoretical issues in the construction of
multilateral wells [3].

The considered works give the definition of a multilateral
well as a complex object of industrial construction, describe
the main characteristics of oil fields, for which it is necessary
and expedient to construct multilateral wells, as well as
highlight the types of profiles of these wells for various
geological and technical conditions and characteristics of
productive formations.

The foundations of domestic technology for drilling deep
horizontal wells in Kazakhstan were laid in the 2000s
(zhanazhol field, Aktobe region) [2].

The analysis of the operation of horizontal wells shows that
the creation of multilateral wells, and, as a special case,
horizontally branched wells, is one of the ways to increase oil
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recovery in unproductive formations and deposits in hard-to-
reach shelf areas and conservation zones [3].

The main reasons for the relatively low efficiency of
multilateral wells are as follows:

e incorrectly selected profiles of multilateral wells;

e non-compliance with the design profile and the
multilateral well structure, inaccuracy of getting
multilateral wells in productive formations;

e  poor-quality development of multilateral well boreholes
due to the lack of reliable penetration methods;

e insufficient tightness in the zones of multilateral well
branches and lack of the possibility of borehole
separation for selective impact on the formation [5].

Currently, there is a methodology for calculating the design
profiles of horizontal wells of various types. These include
profiles with a rectilinear horizontal section in the productive
horizon, profiles with a low-intensity increase and decrease in
the zenith angle in the productive horizon, as well as profiles
with a sinusoidal section of the well borehole in the
productive horizon [6]. Methodological foundations for
calculating profiles and designing multilateral wells, which
would cover the whole variety of mining-geological and
operational conditions, have not yet been developed [7]. One
of the most important tasks is to create a computerized spatial
module and software for the design and management of
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multilateral wells [8].

The purpose of the study is to improve technological methods
for drilling deep horizontally branched wells and to prevent
negative curvature during drilling, providing quality and a
significant increase in drilling productivity [9].

The work provides a calculation of the profile, which, at a
given radius of curvature, ensures the required zenith angle of
multilateral wells of a horizontally branched section at the
required depth, the lengths and projections of other
characteristic profile sections, the coordinates of the end
points of the branches and the values of the zenith angle and
azimuth in them when drilling along a given radius [10-12].

2.RESULTS AND DISCUSSION
The calculation includes the following key provisions:

e the variety of types of the profiles of multilateral wells
can be reduced to a generalized profile containing the
characteristic sections of these profiles, the calculation
of which is uniform for all these types of profiles;

e the design profile of a multilateral well is generally
spatial in nature;

e ageneralized profile (Figure 1) consists of the following
sections:
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Figure 1: Design profile of the section of an increase and

o vertical (0-1);

0 an increase in the zenith angle along the
radius R — 157 m (1-2);

0 a horizontally branched section of the
stabilization of the zenith angle (2-7);

o sections of the branches of horizontally

horizontally branched stabilization of the zenith angle

branched boreholes (3-4, 5-6);

e  configurations of the well axis in the branch sections are
circular arcs with a decrease or increase in the zenith
angle in planes different from the apsidal plane of a
horizontally branched section;
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e calculation of the profile is reduced to determining the
length of the vertical section, which, at a given radius of
curvature, ensures the required zenith angle of
multilateral wells of a horizontally branched section at
the required depth, the lengths and projections of other
characteristic profile sections, the coordinates of the end
points of the branches and the values of the zenith angle
and azimuth in them when drilling along a given radius.

The initial data for designing a well profile include:

e the vertical depth of the beginning of the horizontal
section Hr, m — 3740;

e the radius of an increase in the zenith angle in the
second section R, m— 157;

e the zenith angle or, degree — 72;

e the azimuthal angle ¢n, degree — 85;

Table 1: Calculation of the lengths and projections of the
characteristic profile sections

Section Borehole length, Horizontal projection Vertical projection
m m [
1 2 3 4

Vertical (0-1) H, -Rsina, =3561.6 | H, = H, - Rsing, = 3561.6

Zenith angle 0.01745Re; =19725 | H,=(1-cosa; )R =1085 | S, = Rsing, =1493
increase (1-2)

Horizontal

(2-7) L=3225 HiLcosa =99.6 Ay = Lsinay =306.7
2-3 §,=1229 S, = Socosay =37.9 S, =8, sina; =116.8
33:54 0.01745,, = 24.4 by sinay. = 47.5 S, =1228
5-6 8§ =122.8 S, = 8, cose, =379 S, sina, =116.8
5-7 0.01745;,,, =26.1 by, sing. =42.79 S§,=614

5, =768 8y =Sy cosa =237 S, sinay =73.1

e the length of the horizontally branched section L, m -
450.3;

e the distance between the start of spudding the branches
along the length of the horizontal borehole Si, m -
(S1=122.8; S2=76.8);

e displacements of the end of the branch sections relative
to the conventionally horizontal section of the borehole
in the vertical hri, m — (hrl=47.5; hr2=42.7) and
horizontal planes hni, m - (hn1=55; hn2=53);

e the radiuses of branch curvature ri — (r1=r2=).

Table 1 shows the calculation of the lengths and projections
of the characteristic sections of the profiles. The following
notation is used here: Sni is the horizontal projection length
of the corresponding branch, m — (Sn1=61.4; Sn2=122.8).

According to the calculation, we obtain:

Snn= [k, (2r, - k;)sin &, =+/3990 =63.2
) |

k = /h2r, + h?ri = \/45,2 + 54 = /4959 =70.4

2

where, yi is the angle of coverage of the corresponding
branch, degrees,

yI:arctq M
Vo orn-k
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©)

y = arctq 70.4M = arctq +/140.8 = arctq11.9 = 0.211 =1\0.211 = 4.74
2x65 —70.4

Table 2 shows the formulas for calculating the zenith angles
and azimuths at the end of various branches of the
horizontally branched borehole, where the following notation
is used [4, 13]:

I, p, m are auxiliary coefficients;
1 is the vertical laying;
d is the horizontal laying;
q is the length of the branched borehole.

_ koK) _ 704(0-704) o,
~Jk(@rxk)  |[70.4(2x70-70.4)
4

p=4g°-d?=+/9.82+0.2152 =9.8; ©)

m = Jk(2r —k) = 4/70.4(2x70 - 70.4) = 69.9;
(6)

where, ar is the zenith angle of the horizontally branched
borehole, rad;

r is the radius of branch curvature, m;

hr is the branch displacement relative to the horizontally
branched borehole in the vertical plane, m;

hm is the branch displacement relative to the horizontally
branched borehole in the horizontal plane, m;

o is the design azimuth, rad.

Table 2:Angular parameters of multilateral well branches

Bra Zenith Azimuth at the
nch | angle at end of the section,
nype | the end nm q.m dm rad
of the
section,
rad
1 2 3 4 5 6
Z, arcly hy, sina h, + hIcosar hecosay +1 ¢ =g, —arclq
2 =475 h,, sing, —Icosa, by —lctgaxcosay +sina; 9_0117
" -0226 =553 +h cosa, =16.4 d
P
%—arcr by sinag 4k + b (m—1)cosa; l[k, ctga; +1 soi, s, J o =¢, +arcig
2 mcos = 62| h sina+lcosa; h. —leqe, 9 _0104
==0.157 =793 +h cosa, =15.1 d
P
The relevance of conducted studies consists in the

development of recommendations for the use of horizontally
branched wells in the construction of oil and gas wells, taking
into account the geological features and the influence of
technological and technical factors in the penetration with
horizontal and multilateral wells.

Calculations make it possible to choose a well drilling
technology that provides maximum development profitability
and a reliable, stable operation of the selected wells without
complications.

The results obtained in the work can be used in drilling wells
of the horizontally branched borehole with similar geological
and field characteristics.
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3.CONCLUSION construction in Almaty.Soil Mech.Found. Eng., Vol.
50, No.4, pp. 171-177, 2013.
The above calculations make it possible to draw the https://doi.org/10.1007/s11204-013-9230-z

following conclusions and suggestions:

e  Horizontal wells are efficient if the formation is uniform
or almost uniform in terms of permeability;

e In order to reduce the influence of uniformly
impermeable formations, it is recommended to drill
horizontally branched wells.

When drilling a well with horizontal endings with the zenith
angles of 85-90 degrees, the configurations of the well axis in
the branch sections are circular arcs with a decrease or
increase in the zenith angle in planes different from the
apsidal plane of a horizontally branched section.
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