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Turkmenistan in order to successfully complete the projected well. When developing a profile for drilling, it is
necessary to provide for the angle of meeting of the projected productive formations with the projected trajectory
and the intervals of possible natural curvature at intervals. The use of these data determines the type and shape of
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Introduction Figure 1 shows experimental dependences of the

Proper management of the process of drilling
wells with a directional end of the hole depends on the
permeability of rocks, on natural curvature, on the
angle of meeting of the productive horizon, on the
displacement of the trajectory from the vertical and
other indicators.

In this scientific article, we will consider in detail
the influence of these parameters in the process of
deepening directional wells.

Permeability of rocks. The relative permeability
of a porous medium is the ratio of effective (or phase)
permeability to absolute permeability.

relative permeability of sand to water (kw) and oil (ko)
on the water saturation of the porous space [1, 2].

As can be seen from the figure, with a water
saturation of more than 20%, the phase permeability
of the rock for oil decreases sharply, although we still
get anhydrous oil within the reservoir pressure
gradients. This is explained by the fact that due to
molecular surface forces, water is retained in small
pores and on the surface of sand grains in the form of
thin films, thereby reducing the cross-sectional area of
filtration channels [3, 4]. When the water saturation
reaches 80%, oil filtration stops, although there is still
oil in the reservoir. Therefore, premature flooding of
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wells should not be allowed, it is necessary to warn
(about water entering the bottom-hole zone) when

opening the formation by drilling and during various
repair work on the well.
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Figure 1. Graph of the dependence of the relative permeability of sand for water and oil on water saturation

Deflection of the barrel and its measurement.
When designing drilling operations, the possible
natural azimuthal position should be taken into
account. Otherwise, the well will not cross the
thickness at the intended points and the geological
task may not be completed. To construct geological
sections, it is necessary to know the actual spatial
position of the borehole, which is shown in Figure 2.

This position is characterized at each point of the
borehole by the zenith angle of the borehole 6 and
azimuth a.

Zenith angle - this is the angle between the
vertical and the axis of the well at the measurement

point. The zenith angle is located in a vertical plane
passing through the axis of the well. This plane is
called the apsidial plane.

The azimuth of the well is the angle between the
direction to the north and the projection of the axis of
the well on the horizontal plane, i.e. the line of
intersection of the apsidal and horizontal planes.

Instead of the zenith angle, the angle of
inclination of the well n =90° - 0 is sometimes used,
which are the angle between the axis of the well and
its projection on the horizontal plane [5, 6, 7].

Horizontal

Figure 2. Elements of the spatial position of wells.
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According to the values of the zenith angle and
azimuth at the measurement points, the increment of
coordinates is determined and the profile of the well is
built on the section.

The zenith angle and azimuth of the well are
measured using instruments -inclinometers.

Currently, IK-2, UMI-25 and MI-30
inclinometers are used for measurements in non-
magnetic media.

When constructing design profiles, the necessary
angle of meeting of the mineral by the well, the

4 .
5 > [N,

patterns of natural curvature for individual intervals of
the well should be taken into account. In some cases,
the position of the wellhead may be preset. If there is
an azimuthal curvature, it should be taken into account
in the constructions [8, 9, 10].

Using these data, the value of rectilinear and
curvilinear intervals of the hole, the norms of
curvature of the well at intervals, the position of the
wellhead, the initial zenith angle and azimuth of the
well, the length of the well along its axis are
determined.

| )

4

>
<«—h—><—h 7T

Figure 3. Schemes of construction of project profiles.
y - meeting angle;
d - the angle of deviation of the well from the initial direction;
a - graphical finding of a typical profile;
b- transferring a typical profile to a section;
¢ - point-to-point graphical profile construction;
d - building a profile based on analytically defined coordinates of points;
e - analytical method for calculating the profile;
f - building the profile of an additional hole.
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To build the design profiles of wells, graphical
and analytical methods are used, which is shown in
Figure 3. Various variants of these methods are
known. The simplest variant of the graphical method
of construction is the use of a typical curve [11, 12].
Profiles of a group of wells drilled in the same
geological and technical conditions are combined by
the wellheads and transferred to tracing paper. The
position of the middle profile in the scattering cone is
determined.

This profile is accepted as a typical one
(Similarly, a horizontal projection of a typical well is
obtained. A typical design profile is transferred to a
tracing paper sheet, the tracing paper plane is
indicated by the index N) and superimposed on the
section so that the mouth coincides with the surface
line, the profile position relative to the vertical is
preserved, and the profile itself intersects the mineral
at a given point. The plan of the project well is also
being built, taking into account the laws of the
azimuthal direction [13, 14, 15].

Another way is that for a group of wells, the
average values of angles are determined by depth
intervals, and then a typical profile is constructed in
the form of a polyline consisting of segments drawn at
these angles.

Individual profiles for specific wells can be
plotted graphically from the point of intersection of
the mineral well upwards using segments, the first of
which is deposited at a given meeting angle and the
subsequent ones at an angle to the previous one equal
to the increment of the zenith angle at this interval [16,
17, 18]. In this case, you should pay special attention
to setting the meeting angle. With a meeting angle that
does not correspond to those that take place on the site,
the actual route may not coincide with the design one,
since the angles of the meeting of the well with the
rock layers located above the mineral also change [19,
20]. In addition, if the wells are drilled vertically, the
resulting initial zenith angle may not be equal to zero.

The most accurate are the constructions using the
analytical method. It consists in determining the
coordinates of the points of the project route and
constructing its profile and plan in the form of points,
then connected by a smooth curve. The initial data for
determining the coordinates are the average
(preferably RMS) values of zenith angles and
azimuths for a group of wells, taken as the basis for
finding a typical curve. The calculation of coordinates

is carried out similarly to calculations when
constructing the actual position of wells [21, 22].

Calculations are easier and give more accurate
results if an electronic computer is used to obtain
coordinates. The program for calculating the
coordinates of the average trajectory on a computer
was developed at the Tomsk Polytechnic Institute.

If the well has a constant curvature throughout or
at several intervals, and there is no azimuthal
departure, you can use another version of the
analytical calculation of the basic data for the
construction. For the calculation, the intensity of the
curvature # must be known from the depth intervals
h. The vertical depth of the intersection of the mineral
H, the angle of the meeting of the formation g are set.
The angle of incidence of rocks is known a,. Zenith
angle at the meeting point of the formation

0 =0, +[p]-90

The zenith angles at the beginning of any interval
of the well, the departure of the well-laying point from
the projection of the reservoir meeting point to the
surface and the length of the well are determined by
simple calculations.

The design of multi-barrel wells differs in some
features.

The angle of inclination of the well. Figure 4
shows the relationship between the angle of
inclination and the deviation of the well bottom from
the wvertical. With an increase in the angle of
inclination, the deviation of the bottom hole from the
vertical also increases. The analysis shows that when
drilling inclined wells, the actual angle of inclination
was scored higher than the design one, and as the
deviation of the well bottom from the vertical
increased, the difference between these angles
increased [23]. However, these results are not an
immutable regularity, as they turned out due to the fact
that: 1) the profile was calculated without taking into
account the specific drilling conditions; 2) drilling of
an inclined well was carried out in an azimuth
different from the design one; 3) work on correcting
the azimuth was not carried out accurately enough; 4)
when drilling a rectilinear inclined section, the angle
of inclination decreased and the greater this angle was,
the more intense the decrease occurred. All these
shortcomings identified by the analysis can be
avoided, and the difference between the design and
actual tilt angles will be minimal.
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Figure 4. The relationship between the slope of the borehole and the deviation of the well bottom from the

vertical

An increase in the depth of the directional well
compared to the design one. Figure 5 shows the
dependence of the lengthening of the borehole on the

deviation of the bottom of the inclined well from the
vertical.
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The above graph clearly confirms that the design
elongation of the inclined borehole is 1.1-3.5%, and
the actual elongation is 1.4-4% of the total depth of
the well. Although this discrepancy between the
design and actual elongation is not so large (4-5 m), it
should be kept in mind when designing inclined wells
[24]. The elongation value is of particular importance

Bottom hole deviation, m
Figure 5. Dependence of the elongation of the borehole of inclined wells on the deviation of the bottom.

when designing a large number of directional wells.
Even a minor error with a large number of wells can
lead to an increase in additional penetration, and
consequently to a decrease in the efficiency of
directional drilling.
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