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LATERAL BOREHOLES IN AN EARTH
FORMATION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority benefit of U.S.
Provisional Application No. 62/880,714 filed 31 Jul. 2019,
which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to hydrocarbon fluid
producing wells comprising lateral sections, and methods of
drilling lateral boreholes in an Earth formation.

BACKGROUND TO THE INVENTION

[0003] Particularly when drilling in unconventional oil
and gas fields, use is made of so-called horizontal, or lateral,
drilling. In this technique, a well is drilled downward
towards a target formation layer (which is generally a
producible Earth stratum). When the target formation layer
has been reached sufficiently closely, the “polar” drilling
angle is steered towards a horizontal inclination (known as
“building”) until the borehole is within the target formation
layer and the drilling direction is parallel to the formation
layer. The portion of the well that is drilled horizontally is
called a lateral. The lateral allows the well to come into
contact with a larger amount of the producing target layer in
the Earth formation. This is especially attractive in thinner
rock layers.

[0004] In practice, parallel lateral wells are drilled, either
as a multilateral in “pitch fork” formation from a common
vertical section, or each drilled from surface. Sometimes,
parallel assisting lateral wells are interdigitally arranged
between parallel laterals of primary producing wells. Ref-
erence is made to FIG. 1 for a schematic illustration of such
a lateral well design.

SUMMARY OF THE INVENTION

[0005] In one aspect, there is provided a method of drilling
a lateral borehole in an Earth formation, comprising:

[0006] commencing drilling from surface in a first drill-
ing direction, at a first angle relative to a vertically
downward direction;

[0007] building to a second drilling direction at a sec-
ond angle relative to the vertically downward direction,
which second angle is larger than the first angle;

[0008] defining a plane that is parallel to said second
drilling direction and parallel to an auxiliary direction
that is both horizontal and perpendicular to said second
drilling direction;

[0009] continuing drilling in said plane and in said
second drilling direction;

[0010] steering said drilling within said plane over an
in-plane angle of more than 90°;

[0011] continuing drilling along a straight path in said
plane in a third drilling direction, wherein the third
drilling direction differs by between 90° and 270° from
the second drilling direction.
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[0012] In another aspect, there is provided a method of
drilling a lateral borehole in an Earth formation, comprising:
[0013] commencing drilling from surface in a first drill-
ing direction, at a first angle relative to a vertically
downward direction, towards a hydrocarbon fluid con-
taining Earth stratum;

[0014] building to a second drilling direction at a sec-
ond angle relative to the vertically downward direction,
which second angle is larger than the first angle;

[0015] defining a plane that is parallel to said second
drilling direction and parallel to an auxiliary direction
that is both parallel to a stratal horizon associated with
said hydrocarbon fluid containing Earth stratum in
proximity to the borehole and perpendicular to said
second drilling direction;

[0016] continuing drilling in said plane and in said
second drilling direction;

[0017] steering said drilling within said plane over an
in-plane angle of more than 90°;

[0018] continuing drilling along a straight path in said
plane in a third drilling direction, wherein the third
drilling direction differs by between 90° and 270° from
the second drilling direction.

[0019] In still another aspect, there is provided a hydro-
carbon fluid producing well comprising borehole in an Earth
formation, said borehole comprising:

[0020] a first section drilled from surface in a first
drilling direction, at a first angle relative to a vertically
downward direction;

[0021] a second section drilled in a second drilling
direction at a second angle relative to the vertically
downward direction, which second angle is larger than
the first angle;

[0022] a building section connecting the first section
and the second section;

[0023] a third section drilled along a straight path in a
third drilling direction, in a plane defined parallel to
said second drilling direction and parallel to an auxil-
iary direction that is both horizontal and perpendicular
to said second drilling direction, wherein the third
drilling direction differs by between 90° and 270° from
the second drilling direction;

[0024] a horseshoe section within said plane connecting
the second section and the third section.

[0025] In yet another aspect, there is provided a hydro-
carbon fluid producing well comprising borehole in an Earth
formation, said borehole comprising:

[0026] a first section drilled from surface in a first
drilling direction, at a first angle relative to a vertically
downward direction towards a hydrocarbon fluid con-
taining Earth stratum;

[0027] a second section drilled in a second drilling
direction at a second angle relative to the vertically
downward direction, which second angle is larger than
the first angle;

[0028] a building section connecting the first section
and the second section;

[0029] a third section drilled along a straight path in a
third drilling direction, in a plane defined parallel to
said second drilling direction and parallel to an auxil-
iary direction that is both parallel to a stratal horizon
associated with said hydrocarbon fluid containing Earth
stratum in proximity to the borehole and perpendicular
to said second drilling direction, wherein the third
drilling direction differs by between 90° and 270° from
the second drilling direction;
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[0030] ahorseshoe section within said plane connecting
the second section and the third section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The drawing figures depict one or more implemen-
tations in accord with the present teachings, by way of
example only, not by way of limitation. In the figures, like
reference numerals refer to the same or similar elements.
[0032] FIG. 1 schematically shows a perspective view of
a first lateral well design;

[0033] FIG. 2 schematically shows a perspective view of
a second lateral well design involving a horseshoe section;
[0034] FIG. 3 shows a vertical view on actual survey
results of a borehole drilled in accordance with an embodi-
ment of the invention; and

[0035] FIG. 4 shows a side view of the survey results of
FIG. 3.
DETAILED DESCRIPTION OF THE
INVENTION
[0036] The person skilled in the art will readily understand

that, while the detailed description of the invention will be
illustrated making reference to one or more embodiments,
each having specific combinations of features and measures,
many of those features and measures can be equally or
similarly applied independently in other embodiments or
combinations.

[0037] FIG. 1 shows a schematic perspective view of an
Earth stratum 1 which forms a target formation layer in the
Earth for one or more borehole laterals. The Earth stratum 1
is approached from surface (not shown) via first section of
a first borehole system, which is a vertical borehole section
2. Vertical, in this context, is not necessarily true vertical but
it generally could include any angle closer to true vertical
than the lateral borehole sections 2a and 2b. At a certain
kick-off point, a building section begins, where the drilling
trajectory starts to curve to a more horizontal direction, and
it ends in a horizontal plane 5 within the stratum 1. The
lateral sections 2a and 26 extend within the plane 5 and
parallel to each other. In this context, parallel does not have
to be truly parallel. Typically, the directions may deviate
within 10° from true parallel. Also shown in FIG. 1 is a
second borehole 3, which has similar lateral sections 3a and
35 interdigital arranged between the parallel lateral sections
2a and 2b of the first borehole system substantially within
the same plane 5. Substantially within, in this context, means
within a proximity of about 15 m from the plane.

[0038] Other ways of drilling lateral sections include
drilling a dedicated wellbore for each lateral, only drilling
one lateral section in outward direction until target depth
(TD).

[0039] FIG. 2 shows a schematic perspective view of a
newly proposed lateral well design, which has two substan-
tially parallel lateral sections connected with a horseshoe
section. The horseshoe section brings the “toe” end of the
lateral closer to the “heel” end. This design may be referred
to as “horseshoe lateral” or “U-bend lateral”. The design
comprises a first section 2 drilled from surface in a first
drilling direction, at a first angle 0, relative to a true
vertically downward direction 6. A second section 8, drilled
in a second drilling direction at a second angle 8, relative to
the vertically downward direction, which second angle is
larger than the first angle. The second drilling direction is
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preferably within 10° from true horizontal. A building
section 9 connects the first section 2 and the second section
8. The building section 9 may start at a kick-off point 10. The
second section 8 is within an Earth stratum 1, and within a
plane 15, which may preferably span substantially parallel to
the upper face 11a and/or lower face 115 of the Earth stratum
1

[0040] The lateral well design of FIG. 2 further comprises
a third section 12, drilled along a straight path in a third
drilling direction. The third section is within plane 15, which
defined parallel to the second drilling direction, and parallel
to an auxiliary direction perpendicular to said second drill-
ing direction. The auxiliary direction is preferably horizontal
relative to the horizon of the Earth stratum 1 (the stratal
horizon) as seen from the second drilling direction. The
stratal horizon corresponds to the in-plane directions of the
Earth layer 1 in which the lateral sections are drilled. This
may coincide with true horizontal, but Earth strata are
sometimes dipped in which case the stratal horizon may
have a certain dip angle with the true horizon.

[0041] In the embodiment shown in FIG. 2, the third
drilling direction differs by 180° from the second drilling
direction. In other words, within the plane 15, the third
section 12 and the second section 8 are essentially parallel
to each other. A horseshoe section 14 connects the second
section 8 and the third section 12. The horseshoe section 14
also is substantially within the plane 15. As seen in vertical
projection, the lateral well of FIG. 2 has a U shape where the
bottom of the U corresponds to the horseshoe section 14.

[0042] Tt is envisaged that a second lateral well system is
drilled, starting from a second vertical borehole section 3,
and according to a similar drilling plan as described above.
This way, the interdigital design of FIG. 1 can be replicated.
Obviously, physical intersections of the two well systems
should be avoided and hence the laterals of second borehole
system may be drilled in a second plane 15a, at a slightly
different true vertical depth. The horseshoe section 16 of the
second borehole system may thus cross the first horseshoe
section 14 in a second plane 15a¢ which is essentially parallel
displaced from the first plane 15. Alternatively, a conven-
tional single lateral section may be drilled approximately
half way between the second section 8 and third section 12
of the horseshoe lateral, which single lateral ends some-
where in the vicinity of the horseshoe section 14. Such a
single lateral can be drilled within the same plane as the
horseshoe lateral, as it will not intersect the horseshoe
lateral.

[0043] The apex of the horseshoe sections 14,16 may be
close to a drilling rights limit line of a drilling plot or fictive
a hard line. A drilling rights limit line is generally a border
of a plot of land beyond which subsurface drilling is not
allowed. This can for example be a land lease line or a land
ownership line. Sometimes, the drilling rights limit line may
be located at a predetermined distance from the actual plot
boundary within the plot (a so-called hard line limit).

[0044] A horseshoe lateral as described above may be
drilled in accordance with a method, comprising:

[0045] commencing drilling from surface in a first drill-
ing direction, at a first angle 0, relative to a vertically
downward direction, to create the first section 2;

[0046] building to a second drilling direction at a sec-
ond angle 6, relative to the vertically downward direc-
tion, which second angle is larger than the first angle;
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[0047] defining a plane 15 that is parallel to said second
drilling direction and parallel to an auxiliary direction
that is perpendicular to said second drilling direction;

[0048] continuing drilling in said plane 15 and in said
second drilling direction, to create the second section 8.
Instead of calling TD at this point, the method provides
in continued drilling of additional lateral length,
whereby:

[0049] steering said drilling within said plane over an
in-plane angle of more than 90° to create the horseshoe
section 14;

[0050] continuing drilling along a straight path in said
plane in a third drilling direction, to create the third
section 12, wherein the third drilling direction differs
by about 180° from the second drilling direction.

[0051] The proposed method saves significant amount of
time by not having to drill new vertical sections and not
having to relocate the rig. The length of producible lateral
wellbore may be doubled for each dedicated wellbore.

[0052] As described above, the borehole being drilled in
said plane is within a single Earth stratum 1, which may be
a hydrocarbon producing Earth stratum. The second drilling
direction may be within 10° from horizontal, particularly if
the Earth stratum 1 is at a dip, to be able to follow the Earth
stratum. The first, second and third sections of the horseshoe
laterals may be substantially drilled using rotary steerable
system. However, to drill the horseshoe section 14, a trip
may be made to change to a bent-sub motor. Furthermore,
agitator sub and shock subs (combined and/or stand-alone)
may be employed to reduce friction and transfer weight on
bit. During said steering to create the horseshoe section 14,
borehole may be drilled tangentially to a drilling rights limit
line of a drilling plot.

[0053] FIGS. 4 and 5 show survey results of an actual well
having been drilled in accordance with the foregoing. FIG.
4 is a vertical downward view and FIG. 5 is a partial side
view along the drilling plane 15 of only the last 240 m of true
depth to better visualize the lateral sections. The rig is
located at 18. It can be seen that the second and third
sections are on average within the same, slightly tilted,
plane. Deviations of the second and third sections from the
average plane stay within about 40 ft (12 m), and most
deviations stay within about 15 ft (5 m) from the average
plane. The bend radius of the horseshoe section was about
200 m, but generally could be selected based on relevant
criteria such as permeability of the formation and fracking
considerations. A typical range for bend radius could be
example between 100 m to 500 m.

[0054] The laterals of FIGS. 4 and 5 extend over about
1600 m. However, it is contemplated that shorter or longer
laterals can be drilled in the same or similar manner.

[0055] The embodiments so far have been described as
having U shape when seen in a vertical projection, whereby
the third drilling direction differs by about 180° from the
second drilling direction. However, the invention is not
limited to this particular layout. More generally, the third
drilling direction may differ from the second drilling direc-
tion by between 90° and 270°. In a subset of embodiments,
the third drilling direction differs by between 90° and 225°
from the second drilling direction. In another subset of
embodiments, the third drilling direction differs by between
135° and 225° from the second drilling direction. In still
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another subset of embodiments, the third drilling direction
differs by between 160° and 200° from the second drilling
direction.

[0056] In many circumstances the Earth strata are suffi-
ciently flat over the drilling range to describe the invention
using the concept of a plane in which the lateral sections and
the horseshoe section are drilled. However, in exceptional
cases the target stratum may be curved somewhat, in which
case the fictive plane in which the lateral sections and the
horseshoe section are drilled may curve along with the
stratum.

[0057] The person skilled in the art will understand that
the present invention can be carried out in many various
ways without departing from the scope of the appended
claims.

What is claimed is:

1. A method of drilling a lateral borehole in an Earth
formation, comprising:

commencing drilling from surface in a first drilling direc-

tion, at a first angle relative to a vertically downward
direction;

building to a second drilling direction at a second angle

relative to the vertically downward direction, which
second angle is larger than the first angle;

defining a plane that is parallel to said second drilling

direction and parallel to an auxiliary direction that is
both horizontal and perpendicular to said second drill-
ing direction;

continuing drilling in said plane and in said second

drilling direction;

steering said drilling within said plane over an in-plane

angle of more than 90°;

continuing drilling along a straight path in said plane in a

third drilling direction, wherein the third drilling direc-
tion differs by between 90° and 270° from the second
drilling direction.

2. The method of claim 1, wherein the third drilling
direction differs by about 180° from the second drilling
direction.

3. The method of claim 1, wherein the borehole being
drilled in said plane is within a single Earth stratum.

4. The method of claim 1, wherein the borehole being
drilled in said plane is within a single hydrocarbon produc-
ing Earth stratum.

5. The method of claim 1, wherein said second drilling
direction is within 10° from horizontal.

6. The method of claim 1, wherein steering said drilling
comprises drilling with a bent-sub motor.

7. The method of claim 1, wherein said drilling comprises
drilling with an agitator sub.

8. The method of claim 1, wherein said drilling comprises
drilling with a shock sub.

9. The method of claim 1, wherein during said steering
said drilling within said plane over an in-plane angle of more
than 90° the borehole is drilled tangentially to a drilling
rights limit line of a drilling plot.

10. The method of claim 1, wherein after drilling the
borehole, seen in a vertical projection, has a U shape.

11. A hydrocarbon fluid producing well comprising bore-
hole in an Earth formation, said borehole comprising:

a first section drilled from surface in a first drilling

direction, at a first angle relative to a vertically down-
ward direction;
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a second section drilled in a second drilling direction at a
second angle relative to the vertically downward direc-
tion, which second angle is larger than the first angle;

a building section connecting the first section and the
second section;

a third section drilled along a straight path in a third
drilling direction, in a plane defined parallel to said
second drilling direction and parallel to an auxiliary
direction that is both horizontal and perpendicular to
said second drilling direction, wherein the third drilling
direction differs by between 90° and 270° from the
second drilling direction;

a horseshoe section within said plane connecting the
second section and the third section.

12. The hydrocarbon fluid producing well of claim 11,
wherein the third drilling direction differs by about 180°
from the second drilling direction.

13. The hydrocarbon fluid producing well of claim 11,
wherein the borehole being drilled in said plane is within a
single Earth stratum.

14. The hydrocarbon fluid producing well of claim 11,
wherein said second drilling direction is within 10° from
horizontal.

15. The hydrocarbon fluid producing well of claim 11,
wherein said horseshoe section comprises a part that is
tangential to a drilling rights limit line of a drilling plot.

16. The hydrocarbon fluid producing well of claim 11,
wherein after drilling the borehole, seen in a vertical pro-
jection, has a U shape.

17. A method of drilling a lateral borehole in an Earth
formation, comprising:

commencing drilling from surface in a first drilling direc-
tion, at a first angle relative to a vertically downward
direction, towards a hydrocarbon fluid containing Earth
stratum;

building to a second drilling direction at a second angle
relative to the vertically downward direction, which
second angle is larger than the first angle;

defining a plane that is parallel to said second drilling
direction and parallel to an auxiliary direction that is
both parallel to a stratal horizon associated with said
hydrocarbon fluid containing Earth stratum in proxim-
ity to the borehole and perpendicular to said second
drilling direction;

continuing drilling in said plane and in said second
drilling direction;

steering said drilling within said plane over an in-plane
angle of more than 90°;

continuing drilling along a straight path in said plane in a
third drilling direction, wherein the third drilling direc-
tion differs by between 90° and 270° from the second
drilling direction.

18. The method of claim 17, wherein the third drilling

direction differs by about 180° from the second drilling
direction.
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19. The method of claim 17, wherein the borehole being
drilled in said plane is exclusively within said hydrocarbon
fluid producing Earth stratum.

20. The method of claim 17, wherein at least one of said
second drilling direction and said auxiliary direction is
within 10° from horizontal.

21. The method of claim 17, wherein steering said drilling
comprises drilling with a bent-sub motor.

22. The method of claim 17, wherein said drilling com-
prises drilling with an agitator sub.

23. The method of claim 17, wherein said drilling com-
prises drilling with a shock sub.

24. The method of claim 17, wherein during said steering
said drilling within said plane over an in-plane angle of more
than 90° the borehole is drilled tangentially to a drilling
rights limit line of a drilling plot.

25. The method of claim 17, wherein after drilling the
borehole, seen in a vertical projection, has a U shape.

26. A hydrocarbon fluid producing well comprising bore-
hole in an Earth formation, said borehole comprising:

a first section drilled from surface in a first drilling
direction, at a first angle relative to a vertically down-
ward direction towards a hydrocarbon fluid containing
Earth stratum;

a second section drilled in a second drilling direction at a
second angle relative to the vertically downward direc-
tion, which second angle is larger than the first angle;

a building section connecting the first section and the
second section;

a third section drilled along a straight path in a third
drilling direction, in a plane defined parallel to said
second drilling direction and parallel to an auxiliary
direction that is both parallel to a stratal horizon
associated with said hydrocarbon fluid containing Earth
stratum in proximity to the borehole and perpendicular
to said second drilling direction, wherein the third
drilling direction differs by between 90° and 270° from
the second drilling direction;

a horseshoe section within said plane connecting the
second section and the third section.

27. The hydrocarbon fluid producing well of claim 26,
wherein the third drilling direction differs by about 180°
from the second drilling direction.

28. The hydrocarbon fluid producing well of claim 26,
wherein the borehole being drilled in said plane is within a
single Earth stratum.

29. The hydrocarbon fluid producing well of claim 26,
wherein at least one of said second drilling direction and said
auxiliary direction is within 10° from horizontal.

30. The hydrocarbon fluid producing well of claim 26,
wherein said horseshoe section comprises a part that is
tangential to a drilling rights limit line of a drilling plot.

31. The hydrocarbon fluid producing well of claim 26,
wherein after drilling the borehole, seen in a vertical pro-
jection, has a U shape.
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