wO 2013/030681 A2 | I} I} 0010 0000 O 0

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/030681 A2

7 March 2013 (07.03.2013) WIPOIPCT

(51) International Patent Classification: (72) Inventors; and
E21B 28/00 (2006.01) E21B 33/14 (2006.01) (75) Inventors/Applicants (for US only). KLEPPA, Erling
i L. i [NO/NOJ; Klovsteinsveien 17, N-4100 Jerpeland (NO).
(21) International Application Number: HARESTAD, Kristian [NO/NOJ; Harestadveien 4, N-

PCT/IB2012/051273 4070 Randaberg (NO)
(22) International Filing Date: (74) Agents: ONSAGERS AS et al.; P.O. Box 6963 St. Olavs
16 March 2012 (16.03.2012) plass, N-OSLO N-0130 (NO).

(25) Filing Language: Norwegian (81) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
L. AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(30) Priority Data: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(71) Applicant (for all designated States except US): PERI- HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

GON HANDEL AS [NO/NOJ; Strandbakken 5, N-4070
Randaberg (NO).

KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

[Continued on next page]

(54) Title: WAVE-INDUCING DEVICE, CASING SYSTEM AND METHOD FOR CEMENTING A CASING IN A BOREHOLE

(57) Abstract: There is described a wave-inducing device, a casing system and a

I ]
(6
(s
(A
(s
i 4 | 2
T 1 2
J AT
.

Fig. 2

method for cementing a casing in a borehole, the casing system comprising a cas-
ing that is provided with at least one wave-inducing device for providing wave mo-
tions or vibrations in cement that is between the casing and the borehole. The at
least one wave-inducing device is designed to be driven by cement and/or a fluid
flowing through the casing.
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Wave-inducing device, casing system and method for cementing a casing in a
borehole
The present invention relates to a wave-inducing device, a casing system, a method
for cementing a casing and uses of the wave-inducing device, the casing system and
the method for use in cementing a casing in a hydrocarbon well.

When a well is drilled, so-called casings are installed at certain depths in the well,
depending on pressure and the state of the borehole formations. The casing is used
to stabilise and isolate formations from each other and also to avoid outflow to the
surface. Sometimes this casing is installed after a new formation has been
penetrated and, for example, 10-15 metres of new formation have been drilled. The
casing is then cemented to the formation in the borehole. It is important that a new
formation that is drilled is well isolated from the overlying formations with cement.

In connection with cementing or another form of isolation of one lower casing, a
poor cementing job is often encountered in that the cement does not stick
sufficiently well to the casing or formation in which the casing is located.

When the casing is cemented to the ground, cement slurry is pumped down inside
the casing and comes out of the pipe at the bottom and is then pumped up into the
annulus between the casing and the formation. As the volume of cement that is
pumped is limited, the cement is subjected to contamination (mixing) by the liquids,
usually drilling fluids, which are pumped ahead of and after the cement. A mixing
of other liquids in the cement reduces the quality of the set cement and several
things are done to avoid or reduce such mixing.

Different methods have been used to ensure that the cement job seals in a
satisfactory way. These methods may, for example, consist of procedures for
pumping velocity and a type of chemicals and substances which are pumped down.

The object of the present invention has therefore been to arrive at a device and a
method which ensure a satisfactory cementing of casings in a borehole.

It is also an object of the present invention to provide a simple device and method
capable of ensuring that the cement sticks or bonds to the casing and the formation
around the casing during the cementing of the casing.

It is also an object of the present invention that the cementing of the casing should
be capable of being carried out without further control from the surface being
necessary after the cementing job has been done.

These objects are achieved by means of a wave-inducing device as defined in
independent claim 1, a casing system as defined in independent claim 8, a method
for cementing a casing as defined in claim 17 and uses of the wave-inducing device,



10

15

20

25

30

35

WO 2013/030681 PCT/IB2012/051273

casing system and method as defined in claims 21-23. Additional embodiments of
the invention are disclosed in the dependent claims.

The present invention ensures that the cementing job is done in a satisfactory way in
that it sets cement and casing in wave motion or in vibration. There is preferably
used a wave-inducing device or a vibrator device that is arranged in the casing. The
wave-inducing device is supplied with energy from the cement or the medium that
is pumped down through the casing, for example, in that the wave-inducing device
is provided with an impeller. The energy that is taken from the cement or the fluid
flowing through the casing causes the impeller to rotate. The waves and the
vibrations arise either as a result of the impeller itself producing waves and/or
vibrations or in that elements connected to the impeller produce this energy.

The present invention thus comprises a wave-inducing device and a casing system
comprising a casing, for ensuring that cement sticks to the formation and casing
when cementing the casing in a borehole. The wave-inducing device is designed to
be arranged in the casing and to be moved by cement and/or another fluid which
flows through the casing so that wave motions and/or vibrations are provided in the
cement during cementing of the casing. To provide wave motions and/or vibration,
the wave-inducing device comprises a movable element which, when the wave-
inducing device is arranged in the casing, is moved by the cement, or optionally
other fluids, flowing through the casing.

As mentioned above, the movable element may comprise a rotating wheel with a
mass that is eccentrically or asymmetrically distributed about the rotational axis of
the rotating wheel so that the rotating wheel is unstable when it rotates and provides
wave motions and/or vibrations in the casing which propagate to the cement in the
annulus between the casing and the borehole formations. Other alternative movable
elements which do not rotate, but which are nevertheless capable of providing wave
motions or vibrations in the cement, are also conceivable. These may, for example,
be elongate elements that are arranged inside the casing and which are actuated by
the cement flowing through the casing such that wave motions or vibrations occur
in the cement.

The rotating wheel may preferably be configured with a through hole in the
direction of its rotational axis. The through hole is preferably circular, but may of
course be given another shape if so desired.

In order to make the rotating wheel rotate, the rotating wheel is preferably provided
with at least one impeller blade, vanes, wings or similar devices. The at least one .
impeller blade is preferably arranged in the through hole, but may also be arranged
on the radial outer edge of the rotating wheel if this is desirable. When cement or
possibly another fluid flows through the casing and past the at least one impeller
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blade, the rotating wheel will thus be rotated by the cement or fluid that flows by.
The energy needed to provide the wave motions/vibrations in the cement is taken
from the cement that is in any case pumped down. Thus, a wave-inducing device is
provided which functions without it being necessary to have supply of additional
energy through, for example, electric cables or hydraulic lines.

The rotating wheel may also be provided with extra mass distributed around it in
such a way that the rotating wheel becomes unstable as it rotates. In an
embodiment of the invention, this is done in that at least one of the blades is
provided with a weight element or is configured with a larger mass than the other
blades such that the rotating wheel becomes unstable as it rotates.

In an embodiment of the invention, the wave-inducing device comprises at least one
beater device that is movably arranged on the rotating wheel or alternatively on the
casing and is adapted such that the beater device beats, preferably against the
casing, as the rotating wheel rotates. The at least one beater device is preferably
spring-loaded. For example, the beater device may comprise a spring device which
seeks to move the at least one beater device towards the idle position of the at least
one beater device in which it rests against the casing. The rotating wheel or casing
may further comprise at least one striking element which is so arranged that the at
least one striking element strikes the at least one beater device as the rotating wheel
rotates. When the beater device is tilted out and subsequently beats against the
casing, vibrations are produced in the casing, which propagate to the cement that is
in the annulus between the casing and the borehole formations.

The present invention also comprises a method for ensuring that cement sticks to

the formation and casing during the cementing of a casing in a borehole in that at
least one wave-inducing device is arranged in the casing before the casing is
arranged in the borehole or after the casing has been arranged in the borehole and
that cement and/or a fluid is pumped down through the casing and drives the at least
one wave-inducing device such that the at least one wave-inducing device provides
wave motions and/or vibrations in the cement that is located between the casing and
the borehole formations.

In a preferred embodiment, thé energy necessary to operate the wave-inducing
device is taken from the cement or the fluid flowing through the casing. As
mentioned above, there is thus no need for electric cables and/or hydraulic lines for
supply of energy to operate the wave-inducing device.

The wave motions and/or vibrations in the cement may, in an embodiment of the
invention, be provided by an unbalanced rotating wheel, for example, a rotating
wheel with a mass that is eccentrically or asymmetrically arranged about the
rotational axis of the rotating wheel. Alternatively, the wave motions and/or
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vibrations can be provided by a beater device that is adapted to beat on the casing or
on the rotating wheel as described in more detail above.

In a preferred embodiment of the invention, the wave-inducing device is made of a
drillable material. After the job has been done, the wave-inducing device may then
be drilled out of the casing usirig standard drilling equipment, which will often be
desirable. ‘

A use of the wave-inducing device as described above is in connection with the
cementing of a casing in a hydrocarbon well.

A use of a casing system as described above is in connection with the cementing of
a casing in a hydrocarbon well.

A use of a method for cementing a casing as described above is in connection with
the cementing of a casing in a hydrocarbon well.

Two non-limiting embodiments of the present invention will be described below
with reference to the figures, wherein:

Figure 1 shows a casing that has been placed in a borehole;
Figure 2 shows the casing in Figure 1 provided with wave-inducing devices;

Figure 3 shows a cross-section through a first embodiment of a casing system
equipped with a wave-inducing device; and

Figure 4 shows a cross-section through a second embodiment of a casing system
equipped with a wave-inducing device.

Figure 1 is a schematic illustration of a casing 12 that has been placed in a borehole
where the borehole formations 15 around the casing 12 are indicated. Between the
formations 15 and the casing 12 there is formed an annulus 15 that is filled with
cement some way up from the lowermost end of the casing 12 at the casing shoe 13
when the casing is cemented. |

During the cementing of the casing 12, cement is pumped down through the casing
12. At the bottom of the casing, the cement 17 is forced up into the annulus 16 as
shown in Figures 1 and 2. It is important that the cement 17 bonds or sticks well to
the casing 12 and the formations 15 so that the job does not need doing again, which
is both costly and time-consuming. '

To ensure that the cementing job is good, the casing 12 is therefore provided with
one or more wave-inducing devices 20 as shown in Figure 2. The wave-inducing
device 20 is designed so that when cement is pumped down through the casing, the
energy in the cement will be utilised to drive the wave-inducing device 20 that is
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designed to provide wave motions or vibrations in the cement 17 that is in the
annulus 16 between the casing 12 and the borehole formations 15. The wave
motions or vibrations in the cement 17 help the cement to set better and contribute
to a better bonding of the cement 17 to the casing 12 and formations 15 after the
cementing process is completed.

Figures 3 and 4 show respectively a first and a second embodiment of the casing
system 10 equipped with a wave-inducing device 20 according to the present
invention. The wave-inducing device 20 is arranged in the casing 12 and comprises
a rotating wheel 22. The rotating wheel is preferably supported in a bearing inside
the casing 12 such that it can rotate about a rotational axis which preferably is
essentially parallel to the longitudinal central axis of the casing 12.

The rotating wheel 22 that is shown in the embodiment in Figure 3 is configured
with an axially through-going opening 27 through which cement can flow when the
casing 12 is to be cemented to the formations 15. Arranged in the through-going
opening 27 is an impeller 24 comprising a plurality of impeller blades 25. In Figure
3, the impeller 24 is shown provided with four impeller blades, but it is of course
possible to provide the impeller with a different number of blades 25, if so desired.
The impeller blades 25 are preferably attached to a central element or hub 26 at one
radial end and to the rotating wheel 22 at the other radial end as shown in Figure 3.

The casing device 12, as shown in Figure 3, is further provided with a plurality of
beater devices 30 which preferably are fastened to the casing 12. However, it is
also conceivable that the beater devices may be fastened to the rotating wheel 22.

The beater devices 30 comprise at least one spring device 31 which preferably is
fastened to the casing 12 as mentioned above. Attached to the spring device 31 is a
beater element 32 which preferably rests against the inside wall 14 of the casing 12
in an idle position, i.e., when the spring device 31 of the beater 30 is not subjected
to forces that force the beater element 31 out from the inner wall 14. The spring
device 31 may comprise a torsion spring or other suitable types of springs.

The rotating wheel 22 is preferably provided with a plurality of striking elements 34
around its outer periphery. As the rotating wheel 22 is rotated by the cement
flowing through the casing 12 and the through opening 27, the striking elements 34
will strike the beater devices 30 and tilt the beater elements 32 out from the inner
wall 14 against which they will normally rest. When a striking element 34 has
passed a beater device 30, the beater element 32 is forced against the inner wall 14
of the casing 12 by the action of the spring device 31 and strikes the inner wall 14
so that the casing vibrates. These vibration motions are transmitted to the cement
that is located in the annulus 16 on the outside of the casing 12.
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Figure 3 shows four beater devices 30 and four striking elements 34. This number
may however be varied according to need. It should also be mentioned that just
above and optionally just below the beater devices 30, the rotating wheel may be
configured so that it seals against the inner wall 14 of the casing 12 such that the
cement is forced to flow through the through opening 27. This means that the
cement does not affect the effectiveness of the beater devices 30.

A second embodiment of the wave-inducing device 20 is shown in Figure 4. Here
too, the rotating wheel is provided with a through opening 37 through which the
cement can flow In the through opening 37 there is preferably arranged an impeller
24 with a plurality of impeller blades 25. The impeller blades 25 are preferably
attached to the rotating wheel 22 and to a hub or a central element 26.

In this embodiment of the wave-inducing device 20, the rotating wheel 22 is

‘provided with a mass that is eccentrically or asymmetrically arranged in relation to

the rotational axis of the rotating wheel 22. Such a mass can be configured in many
different ways. Figure 4 shows a substantially circular weight element 36 which
may be attached to the rotating wheel 22 or may be an integral part of the rotating
wheel 22. The weight element 36 is eccentrically arranged in relation to the
rotational axis of the rotating wheel 22. When the rotating wheel 22 is rotated by
the cement that flows through the through opening 37, the eccentricity of the weight
element 36, and thus the rotating wheel 22, will cause the casing 12 to swing out in
a radial direction in relation to the normal position of the casing 12. This wave
motion is naturally transmitted to the cement 17 in the annulus 16 between the
casing 12 and the borehole formations 15 such that cement 17 sets better.
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PATENT CLAIMS

1.

A wave-inducing device for cementing a casing in a borehole,
characterised 1in thatthe wave-inducing device is designed for
arrangement in a casing and comprises a movable element which, when the
wave-inducing device is arranged in the casing, is designed to be moved by
cement and/or another fluid flowing through the casing so that wave motions
and/or vibrations are provided in the cement during the cementing of the casing.

A wave-inducing device according to claim 1,

characterised 1n thatthe movable element comprises a rotating
wheel with a mass that is asymmetrically distributed about the rotational axis of
the rotating wheel.

A wave-inducing device according to claim 2,
characterised in thatthe rotating wheel is configured with a
through hole in the direction of its rotational axis.

A wave-inducing device according to one of claims 1-3,
characterised 1in thatthe rotating wheel comprises at least one
impeller blade.

. A wave-inducing device according to claim 4,

characterised 1in thatthe atleast one impeller blade is arranged in
the through hole.

A wave-inducing device according to one of claims 1-5,

‘characterised in thatthe wave-inducing device comprises at least

one beater device that is movably arranged on the rotating wheel and is adapted
such that the beater device beats against the casing as the rotating wheel rotates.

A wave-inducing device according to claim 6,
characterised 1in thatthe at least one beater device is spring-loaded.

A casing system for cementing a casing in a borehole, which casing system
comprises a casing,

characterised in thatthe casing is provided with at least one wave-
inducing device for providing wave motions or vibrations in cement that is
located between the casing and the borehole, which at least one wave-inducing
device is adapted to be driven by cement and/or a fluid that flows through the
casing.
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9.

10.

11.

12.

13.

14.

15.

16.

17.

A casing system according to claim 8,

characterised ‘1n thatthe movable element comprises a rotating
wheel with a mass that is eccentrically or asymmetrically distributed about the
rotational axis of the rotating wheel.

A casing system according to claim 9,
characterised in thatthe rotating wheel is configured with a
through hole in the direction of its rotational axis.

A casing system according to one of claims 8-10,
characterised 1in thatthe rotating wheel comprises at least one
impeller blade.

A casing system according to claim 11,
characterised 1in thatthe atleast one impeller blade is arranged in
the through hole.

A casing system according to one of claims 8-12,

characterised 1in thatthe wave-inducing device comprises at least
one beater device which is movably arranged on the casing or on the rotating
wheel and is adapted such that the beater device beats against the casing as the
rotating wheel rotates.

A casing system according to claim 13,
characterised 1in thatthe atleast one beater device is spring loaded.

A casing system according to one of claims 13-14,

characterised 1in thatthe rotating wheel or casing comprises at least
one striking element which is arranged such that the at least one striking element
strikes the at least one beater device as the rotating wheel rotates.

A casing system according to one of claims 8-15,
characterised 1in thatthe atleast one wave-inducing device is a
wave-inducing device according to one of claims 1-7.

A method for ensuring that cement sticks to formation and casing when
cementing a casing in a borehole,

characterised 1in thatatleast one wave-inducing device is arranged
in the casing before the casing is arranged in the borehole or after the casing has
been arranged in the borehole; and that cement and/or a fluid is pumped down
through the casing and drives the at least one wave-inducing device so that the
at least one wave-inducing device provides wave motions and/or vibrations in
the cement that is located between the casing and the borehole formations.
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18.

19.

20.

21.

22.

23.

A method according to claim 17,
characterised in thatenergy for driving the wave-inducing device
is taken from the cement or the fluid flowing through the casing.

A method according to one of claims 17-18,
characterised 1in thatthe wave motions and/or vibrations are
provided by an unbalanced and/or eccentrically arranged rotating wheel.

A method according to one of claims 17-19,

characterised 1in thatthe wave motions and/or vibrations are
provided by a beater device that is adapted to beat on the casing or on a rotating
wheel.

Use of a wave-inducing device according to one of claims 1-7 in connection
with the cementing of a casing in a hydrocarbon well.

Use of a casing system according to one of claims 8-16 in connection with the
cementing of a casing in a hydrocarbon well.

Use of a method for ensuring that cement sticks to formation and casing when
cementing a casing in a borehole according to one of claims 17-20 for cementing
a casing in a hydrocarbon well.
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