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(57) Abréegée/Abstract:

An apparatus and a method for supplying a fluidized plugging material to a well, the apparatus (1) including: a carrier body (3)
defined by an indefinite side portion extending between a first end portion and a second end portion, the carrier body (3) being
arranged to be set In motion by a driving device (11); and at least one displacement member (5) arranged on the carrier body (3),
the displacement member (5) being defined by the surface of the carrier body (3) and a free end portion (9) facing the inside of the
casing (13), and the driving device (11) being arranged to set the carrier body (3) and the dis- placement member (5) In motion In
the bore of the casing (13), so that the fluidized plugging material (25) Is set in motion within the bore of the casing (13).
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(57) Abstract: An apparatus and a method for supplying a fluidized
plugging material to a well, the apparatus (1) including: a carrier body
(3) defined by an indefinite side portion extending between a first end
portion and a second end portion, the carrier body (3) being arranged
to be set in motion by a driving device (11); and at least one displace-
ment member (5) arranged on the carrier body (3), the displacement
member (5) being defined by the surtace of the carrier body (3) and a
free end portion (9) facing the inside of the casing (13), and the driv-
ing device (11) being arranged to set the carrier body (3) and the dis-
placement member (5) in motion in the bore of the casing (13), so that
the fluidized plugging material (25) is set in motion within the bore of
the casing (13).
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APPARATUS AND METHOD FOR POSITIONING OF A FLULIDIZED PLUGGING

MATERIAL IN AN OlIL WELL OR GAS WELL

The present invention relates to an apparatus for use when
plugging a well within the petroleum industry. More particu-
larly, 1t relates to an apparatus for use when positioning a
fluidized plugging material 1n an o1l well or a gas well
which 1s lined with a casing, the apparatus includiling: a

driving body; a carrier body defined by an indefinite side

portion extending between a first end portion and a second

end portion, the carrier body being arranged to be set 1n mo-
tion by the driving body; and at lcast onc displaccment mem-

ber arranged on the carrier body.

When abandoning an o1l well or a gas well temporarily or per-
manently, 1t 1s requilred that the well should be secured with

a plugging material which has sufficient strength and tight-

ness to prevent leakage between a petroleum-bearing formation

and the surface of the well. To provide such a plug, 1t 1s

common to fi1ll a portion of the well with a fluidized plug-

glng material. The fluidized plugging material usually com-

orises a cement slurry for the formation of a hardenable ce-

ment plug. But 1t 1s to be understood that the fluidized
olugging material may comprise a fluidized unconsolidated ma-

terial for the formation of an unconsolidated-material plug.

The description that follows will be directed, to a great ex-

tent, towards a cement plug. However, the present 1nvention
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1s also well suilted for positioning an unconsolidated-
material plug. The extent of the plug 1n the longitudinal di-
rection of the well 1s typically 50 metres, but 1s dependent
on international, national or oil/gas contractors' internal

requirements.

Ti11ll now, 1t has been common to provide a cement plug by

first removing the casing 1n the area 1n which the plug 1s to

be established. Such a removal 1s typically carried out by

means of a cutting tool. After the desired portion of the
casing has been removed, the wellbore 1s widened by means of

a drilling tool, a so-called "reamer", to provide a best pos-

sible attachment between the plug and the surrounding for-

mation. Then cement 18 carried into the widened wellbore.

Such a method 1s very time-consuming and expensive, while, at
the same time, metal chips from the casing may result 1n a

need for extensive and expensive malntenance of upstream

equipment.

The i1industry therefore has a strong need for guicker methods,

and methods 1n which the casing 1s left 1n the well.

The purpose of the present invention 1s to provide an appa-
ratus and a method for providing a complete and reliable at-
tachment of a fluidized plugging material 1n an o1l well or a
gas well. This 1s achieved by providing sufficient contact
between the surface of the bore to be plugged and the plug-
glng material. The apparatus and the method may be used both
when plugging a non-perforated portion of a casing, when
olugging a perforated casing, 1n which the plugging material

fi1lls most of the annulus between the formation and the cen-

tre of the casing, as well as when plugging a so-called open-

hole section.

In his Norwegian patent application N0O201117641, the present
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applicant has described a perforation and washing apparatus
arranged to prepare a perforated casing for grouting and
forming a plug in a well. The plug can be temporary or perma-

nent.

To provide reliable engagement between the casing and the

oplugging material, and to ensure that an annulus between the

outside of the casing and the formation will also be suffi-

ciently plugged by means of the pluggling material, there 1s a

need to communlicate the plugging material from the inside of

the casing to the outside of the casing. But there 1s also a
need to be able to drain away a liquid that might be present
1n the annulus between the outside of the casing and the for-

mation, so that the ligquid will not prevent the inflow of

plugging material into said annulus.

From the publication US 2010/039879, an apparatus and a meth-
od for agitating a cement slurry 1n an annulus defined be-

tween a formation wall and a casing 1n a well are known. The
apparatus i1ncludes a sleeve which 1s provided with an agitat-

1ng device and which 1s arranged to rotate relative to the

casing. The apparatus 1s placed on the outside of a portion

of the casing.

From the publication US 4595058 a cementing tool for ensuring

sufficient sealing of an annulus between a riser and a casing
1s known. The cementing tool 1s constituted by a pipe piece
which has flow-directing rigid ribs welded thereon to provide
a turbulent flow between the riser and the casing when the

plpe plece 1s set 1n rotation.

F'rom the publication US 4995456 an apparatus and a method for
providing a gravel pack around a production tubing i1n a well
are known. The apparatus 1ncludes helical rigid blades welded

Oon or otherwise attached to a completion tool.
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The 1nvention has for 1ts object to remedy or reduce at least
one of the drawbacks of the prior art or at least provide a

useful alternative to the prior art.

The object 1s achieved through features which are specified

1n the description below and i1n the claims that follow.

In a first aspect of the present 1nvention an apparatus for

use when positioning a fluidized pluggling material 1n an o1l
well or a gas well lined with a casing 1s provided, the appa-
ratus including:

- a driving body;

- a carrier body defined by an indefinite side portion ex-
tending between a first end portion and a second end portion,
the carrier body beling arranged to be set 1n motion by the
driving body; and

- at least one displacement member arranged on the carrier

body, the displacement member being defined by the surface of

the carrier body and a free end portion facing the i1nside of
the casing, and the driving body being arranged to set the

carrier body and the displacement member 1n motion in the

bore of the casing, so that the fluidized plugging material

1s set 1n motion within the bore of the casing.

As the plugging material 1s set 1n motion, the displacement

member wilill provide a pressure change 1n the fluidized plug-

ging material.

The driving body may be a pipe string which 1s arranged to be
set 1n rotation around a longitudinal axis of the casing, so
that the movement of the apparatus 1s a rotational movement
around the longitudinal axis of the casing. In an alternative
embodiment, the driving body may be a motor which 1s posi-
ti1oned 1n or 1n connection with the apparatus and which 1s

suppllied with power from the surface of the well.
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The displacement member may be a blade. In one embodiment, a
least by rotation of the carrier body, the free end portion

of the blade 1s arranged to exhibilt a deflection relative to

a central contact portion between the blade and the carrier
body. This has the effect of the displacement member exhibit-
1ng a "spatula effect" whereln the plugging material 1s

pressed or "spread" against the i1nternal surface of the cas-

1ng. In what follows, the central contact portion between the

blade and the carrier body will also be referred to as an at-

tachment portion, i1ndependently of whether the blade or a
displacement member of some other kind 1s attached on the

outside of or 1in the carrier body, or whether the displace-

ment member 1s made 1n one pliece wilith the carrier body.

The apparatus may be formed in such a way that, by rotation,

Lhe carrier body and Lhe al leasl one blade clircumscribe a

circle which has a diameter that 1s larger than the internal
dliameter of the casing. Thereby, even as the apparatus 1s be-

1ng positioned in the casing, the at least one blade will be

brought to assume a curvature. In this embodiment, the pro-
Jecting end portion of the blade may abut against the inter-

nal surface of the casing also after the apparatus has been

set 1n rotation. But the blade could also be exposed to such
a great force from the pluggling material that 1t bends to

such a great extent that 1t does not abut against the inter-

nal surface of the casing.

In one embodiment, the apparatus 1s formed 1n such a way
that, by rotation, the carrier body and the at least one
blade circumscribe a circle which has a diameter which 1s

equal to or smaller than the internal diameter of the casing.

The at least one blade may be arranged 1in such a way at the

carrier body that the longitudinal axis of the blade extends

pvarallel to a longitudinal axis of the carrier body. In an
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alternative embodiment, the longitudinal axis of the at least
one blade extends at an angle relative to the longitudinal

axls of the carrier body.

The driving body may be a reciprocating driving means which

1s arranged to provide a to-and-fro movement of the at least

one displacement member along the longitudinal axis of the
casing. When a reciprocating driving means 1s used, 1t may be
an advantage 1f the displacement member 1s a collar-shaped
body. The free end portion of the collar-shaped body may, at
least when moving, be arranged to exhibit a deflection rela-

tive to a central contact portion between the blade and the

carrier body. This has the effect of the displacement member
exhibiting a "spatula effect" against the i1nternal surface of
the casing, as explained above. As mentioned above, the cen-
Lral conlacl porlLion belween Lhe blade and Lhe carrier body

will also be referred to as the attachment portion.

In one embodiment, the collar-shaped body extends 1n a helix

around the carrier body. This has the effect of the fluidized

olugging material being brought to move around the longitudi-

nal axis of the casing 1n addition to moving along the longil-

tudinal axis of the casing.

It may be an advantage 1f the collar-shaped body extends at

least 360° around the carrier body, so that the displacement

member will work against the entire circumference of the in-
ternal surface of the casing. If the driving body 1s arranged
to 1mpart a reciprocating motion to the carrier body, both
along the longitudinal axis of the casing and around the lon-
gltudinal axis of the casing, the collar-shaped body may ex-

tend less than 360° around the carrier body.

The collar-shaped body may be formed 1n one piece or then 1t

may pbe formed of at least two collar sector elements. The at
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least two collar sector elements may or may not be formed 1in

such a way that they partly overlap.

At least one of the collar sector elements may be provided

with a hinged attachment portion, so that the free end por-

tion 1s allowed to be brought i1n towards the carrier body

when the apparatus 1s moved i1n one of the backward or forward
movements. This "jellyfish motion" has the effect of the col-
lar sector elements providing full effect only 1n one of the
backward and forward movements. Such a "jellyfish motion" 1is
particularly useful 1n the cases 1n which 1t 1s desirable to

provide an i1ncreased differential pressure between two por-

tions of the column of the fluidized plugging material.

The fluidized plugging material may be a hardenable material,
such as of the kind that 1s cement-based, for example. To fa-

cilitate pulling of the apparatus from the well i1n case the

hardening process 1n such a material exceeds a predetermined
level, 1t may be an advantage 1f the load capacity of the at
least one displacement member 1s higher than the loads af-

fecting the displacement member by movement of the apparatus

1n non-hardened plugging material, but lower than the loads

affecting the displacement member by movement of the appa-

ratus 1n hardened plugging material, so that at least a por-

tion of the displacement member will break 1f the hardening

process exceeds sald predetermined level.

The carrier body may have a cylindrical shape. In an alterna-

tive embodiment of the present i1invention, the apparatus 1s

orovided with a carrier body which, 1in one portion, has a

larger external diameter than another portion of the carrier

body. Said different diameters are preferably 1n portions

from which the at least one displacement member projects, and

may provide different flow rates along the apparatus.
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The at least one displacement member may 1nclude two or more
spaced—-apart displacement members. The displacement members
may be arranged substantially parallel to each other, or—&hewn
the displacement members may be arranged non-parallel. For
example, when blade type displacement members are used, the

longitudinal axis of at least one of the blades may be ar-

ranged parallel to the longitudinal axis of the carrier body,
whereas the longitudinal axis of at least one other of the
blades may be arranged at an angle relative to a longitudinal

axls of the carrier body.

The apparatus may be constituted by several apparatuses ar-
ranged 1n series or 1n a so-called stack. Such an apparatus
may be assembled from apparatuses having any kind of dis-
placement members as described herein, or a combilnation

thereol.

The apparatus according to the present invention may thus be

used both when permanently or temporarily plugging a casing
which 1s provided with perforations, wherein movement of the

apparatus drives a portion of a fluidized plugging material

out through the perforations and to an outside of the casing,

and when permanently or temporarilily plugging a non-perforated
casing, wherein movement of the apparatus drives the fluid-

1zed plugging material i1nto engagement with the internal sur-

face of the casing.

According to a second aspect of the present invention, a
method for providing a permanent or temporary plug 1n a cas-
ing 1n a well 1s provided, wherein the plug 1s provided by

means of a fluidized plugging material which 1s carried 1into

the well from a surface, the method including the steps of:
moving the apparatus according to the first aspect of the 1in-
vention into the well;

setting the apparatus 1n motion and supplyving the fluidized
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olugging material from the surface of the well;
continuing the movement for a predetermined time after all

the plugging material has been supplied; and

pulling the apparatus out of the well.

By placing the apparatus on an inside of the casing and, at

the same time, providing one or more dilisplacement members ex-
hiblting a deflection relative to the attachment portion of

the blade, as explained above, the free end portion of the

displacement member, facing the 1nternal surface of the cas-

1ing, will exhibit a lag relative to the attachment portion of

the displacement member. This lag turns out to be very fa-
vourable for pressing or "spreading" the plugging material

against the inside of the casing.

The casing, 1nto which the apparatus according to the first

aspect 1s run, may be non-perforated or perforated.

Full-scale laboratory testing of the apparatus used 1n a per-

forated casing has surprisingly shown that while the plugging
material 1s flowlng from the 1nside of the casing to the out-
side, a fluid flow occurs simultaneously 1n the opposite di-
rection, from the outside of the casing to the 1nside, that
1s. An adequate explanation of why such opposite flows arise
has not been found, but 1t 1s conceivable that some flow re-
glmes of plugging material out through some of the perfora-
tions arise as the apparatus 1s set 1n rotation, and that
these flow regimes are maintained, forcing the liguid present

1n the annulus on the outside of the casing awayv.

A person skilled in the art will be acguainted with the fact

that the i1internal surface of a non-perforated casing may be
contaminated with chemicals such as an o1l film, for example,
and/or by contamination of a more mechanical kind, such as

rust particles, for example. This contamination may oOCCur 1n
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one or more sections of the portion of the casing to which a
olugging material 1s to be supplied, or i1in the entire portion
of the casing to which a plugging material 1s to be supplied.
This contamination may result 1n the engagement or adhesion

between the plugging material, which may be cement-based, and

the casing not being sufficiently strong.

It 1s known to remove mechanical contamination by means of a
scrapling device which 1s moved into the well, working the
surface of the casing before a cementing tool, for example,
1s moved i1nto the well and supplies a cement-based plugging

material. Such a scraping device wlill be able remove parti-

cles that are relatively loose. Rust 1s an example of such
loose particles. However, 1t turns out that such a scraping

device 1s not sufficient to remove chemical contamination

such as an o1l [ilm, [for example.

Laboratory tests have surprisingly shown that the apparatus
15 well suited for removing a chemical film of, for example,
o011l that might be present on the 1nside of the casing. A pos-

sible explanation of why this happens could be that particles

present 1n the fluidized plugging material have an abrasive
effect on the 1nternal surface of the casing 1n conseguence
of the movement of the plugging material relative to the sur-

face, or mechanical rubbing/wiping (like a windscreen wiper)

removing a chemical deposit.

When a casing that 1s perforated 1s being permanently or tem-

oorarily plugged, the contamination discussed above 1n con-

nection with the non-perforated casing will not be of equally

great i1mportance to the engagement between the casing and the
fluidized plugging material. This 1s owing to the fact that

the apparatus according to the present invention will drive

the plugging material out through the perforations and into

the annulus located between the outside of the casing and the
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formation. The plugging material will thereby provide a con-

tinuous plug from the inside of the casing, via the perfora-
tions and into said annulus and, thus, surround the casing

completely. When the annulus has been washed by means of the
apparatus and the method according to the applicant's patent
application N0O20111041, the bonding or adhesion between the

annulus and the plugging material will be particularly good.

A person skilled i1in the art will be familiar with the fact

that one of the challenges when plugging back a newly drilled

open-hole section 1s to achieve full contact between the

plugging material and the hole section (formation).

It has surprisingly turned out that the apparatus and method
according to the i1nvention are also well suited for plugging
a so-called open-hole section of a well. The flow of the flu-
1dized plugging material provided by means of the apparatus

wlll drive the plugging material against the formation 1in the

open well section and, thus, provide a sufficient distribu-
tion of the plugging material 1n the entire cross section of

the wellbore. This 1s particularly important in high-

deviation wells, or horizontal well sections, 1n which the

olugging material normally has a considerably greater density
than the fluid present 1n the well. In such regions, the

olugging material will settle at the bottom of the well path

(on the low side of the cross section of the well) and may
thus form a passage on the high side of the cross section of

the well.

In a third aspect of the present 1nvention an apparatus ac-

cording to the first aspect of the i1nvention 1s used when an

open-hole section of a well 1s being plugged permanently or

temporarily, wherein movement of the apparatus drives a flu-

1dized plugging material 1nto engagement against the for-

mation of the well.
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In what follows, an example of a preferred embodiment is

described, which 1s visualized 1n the accompanying drawings, in

which:

Figure la shows a view, seen from a side of an apparatus

according to the present invention in an embodiment in
which the apparatus 1s provided with displacement
members which are arranged substantially parallel to a
longitudinal axis of a casing arranged in a drilled

wellbore, the casing and the wellbore being shown in a

cross-sectional view;

Figure 1lb shows, on a larger scale, a cross-sectional view seen
through the line A-A of figure la after the apparatus
has been set 1n a rotation, but in which only the

apparatus and the casing are shown;

Figure 2 shows an alternative embodiment of the apparatus of
figure la, in which the apparatus is provided with
displacement members extending in a partially helical

shape around a longitudinal axis of the casing;

Figure 3 shows the same as figure 2, but an upper portion of

the carrier body having a larger external diameter

than a lower portion;

Figure 4 shows a casing in a well, in which a portion of the
casing 1s provided with perforations and in which a
plug has been set in a portion of the casing located

below the perforated portion;

Figure 5a shows the casing of figure 4, but with an apparatus of
the kind shown in figure 2 being in a lower portion of the well

portion to be plugged, and the apparatus driving fluidized

plugging material out

CA 2829777 2018-05-17
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through the perforations and 1nto an annulus de-

fined by the casing and a formation;

Figure 5b shows the same as figure 5b, but where fluidized

Filgure 6a

Figure ob

Figure 7

Figure 8

Figure 9

plugging material has been driven out through the
entire perforated portion of the casing, and where

the apparatus 1s 1n the process of belng pulled out

of the well;

shows the apparatus according to the present i1nven-
tion 1n an embodiment in which the displacement
member 1s constituted by collar-shaped bodies
hingedly connected to the carrier body, and 1in

which the apparatus 1s 1n a movement 1n a first di-

rection:

shows the apparatus of figure 6a, but the apparatus

being 1n a movement in a second direction which 1s

the opposite of the first direction;

shows, on a larger scale, a section through the

line A-A shown 1n figure o6a, but only the apparatus

and the casing being shown;

shows an apparatus according to the invention, the

apparatus being composed of several apparatuses

wilith displacement members of different nature; and

shows the apparatus of figure 2 shown 1n an appli-

cation for positioning a fluidized plugging materi-

al 1n an open-hole section.

Like or corresponding elements are 1ndicated by like refer-

ence numerals 1n the figures.

A person skilled in the art will understand that the figures

are just principle drawings. The relative proportions between
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1ndividual elements may also be strongly distorted.

Positional 1ndications such as "above", "below", "upper",

"lower", for example, refer to the position shown 1n the fig-

ures.

In the figures, the reference numeral 1 indicates an appa-
ratus according to the present invention. The apparatus 1 1in-
cludes a carrier body 3 with at least one displacement member

O arranged thereon. The displacement member 5 1s radially de-

fined by a contact portion 7 between the blade and the carri-

er body and a free end portion 9. The contact portion will be
referred to, 1n what follows, as the attachment portion 7.
The carrier body 3 1s connected to a driving device 11 which
1s arranged to set the carrier body 3 and thus the displace-

ment member b 1n motion.

The apparatus 1 1s designed to be positioned 1n a bore of a

casing 13 placed i1n a well 15.

Figures la and 1lb show, respectively, a side view and a

cross—-sectional view seen through A-A 1n figure la of the ap-

paratus 1 according to a first embodiment of the present in-
vention. The section 1s shown only of the apparatus and of
the casing. In the embodiment shown, the at least one dis-
olacement member 5 1s constituted by several elongated blades
5 (four shown 1n figure 1b) extending parallel to a longitu-
dinal axis L of the casing 13. In figure la, the blades 5 are

marked with dotted shading for clarity.

An upper end portion of the apparatus 1 1s connected, for ex-
ample by means of a screw connection, to a pipe string 11
which 1s arranged to be set 1n rotation by means of a driving

means known per se (not shown). Thus, the pipe string 11 con-

stitutes said driving device 11.
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When the pipe string 11 1s rotated, the apparatus 1 will also

be set 1n a rotation R around the longitudilinal axis L of the

casing 13.

To provide a sufficient degree of said spreading or spatula

effect of the displacement members or blades 5 against the

internal surface of the casing 13, 1ndependently of this be-
1ng non-perforated or perforated, 1t 1s desirable that the

free end portion 9 of the blades 5 exhibits a certain deflec-

tion relative to the attachment portion 7 of the blades 5.

Such a deflection is illustrated in figure 1b.

The deflection may be achieved 1n several ways.

A first way 1s to provide an apparatus 1 1n which, by rota-

tion, the carrier body 3 and the blades 5 circumscribe a cir-

cle that 1s larger than an internal diameter of the casing 13

1nto which 1t 18 to be moved. This assumes that the blades 5

are formed out of a flexible material which may deflect when

being moved i1nto the casing 13.

A second way 1n which to achilieve the desired deflection 1s to

provide an apparatus 1n which, by rotation i1n the casing 13,

the carrier body 3 and the blades 5 circumscribe a circle

which has a diameter equal to or smaller than the internal

diameter of the casing 13, but 1n which the blades 5 are

formed out of a flexible material.

Independently of said first and second ways, a material may

be selected from any bendable or flexible material which 1s

suiltable for placing a fluidized plugging material such as a
cement slurry, for example, 1n a well 15. One example of such

a sultable material 1s a rubber-based material. Another exam-

ple 15 a suiltable steel.

In the first way, a blade based on rubber will exhibit a
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"windscreen-wiper effect" or a "spatula effect" against the
internal surface of the casing 13. A blade 5 based on steel

may exhibilt a "steel-putty-knife effect".

It will be understood that a carrier body 3 may be provided

5 with blades 5 made of the same material or of different mate-

rials. By way of example, 1n figures la and 1lb, two of the

blades 5> may be made of rubber, whereas the other two blades

5 may be made out of steel sheets.

In figure 1b, two of the blades 5 (the right and left blades)

10 are such as described above for the first way, whereas the
other two of the four blades 5 (upper and lower blades) are
as described above for the second way. However, 1t will be
understood that the blades 5 of one carrier body 3 may be
formed with 1dentical blades 5.

15 As mentioned, the fluidized plugging material may be a har-

denable material, for example a cement-based material. To re-

duce the risk of the apparatus 1 not being pullable from the
well 15, for example by the hardening process having got too
far, the blades 5> may be provided with a weakening, for exam-
20 ple 1n the form of a nicking V as shown 1n figures la and I1b.
The load capacity of one or more of the blades 5 can thereby
be set to be higher than the loads affecting the blades 5 by
movement of the apparatus 1 1n non-hardened plugging materi-
al, but lower than the loads affecting the blades 5 when an
25 attempt 1s made to move the apparatus 1 i1n hardened plugging

material, so that at least a portion of the blade 5 will

break 1f the hardening process exceeds a predetermined level.

F'igure 2 shows an apparatus resembling the apparatus 1 shown

1in figure la, but with the difference that the displacement
30 members O are constituted by elongated blades extending at an

angle relative to the longitudinal axis L of the casing 13,
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1n a partially helical shape around the external surface of

the carrier body 3, that 1s. For clarity, the free end por-

tion 9 of the blades 5 are marked with dotted shading.

The blades 5 1n figure 2 may have the same design with re-

spect to their radial extent from the carrier body 3 as the

blades 5 mentioned 1n connection with figures la and 1b.

Figure 3 shows an apparatus 1 which resembles the apparatus 1

shown in figure 2, but 1n which the carrier body 3 1s of &

conical shape wherein an upper portion of the carrier body 3

has a larger external diameter than a lower portion of the

carrier body 3. Recause of the conical shape of the carrier
body 3, the displacement members or blades 5 have a smaller
radial extent 1n the upper portion of the apparatus 1 than

the radial extent 1n the lower portion of the apparatus 1.

The purpose of the design that 1s shown 1n figure 3 1s to

provide a variable annulus between the carrier body 3 and the

casing 13, so that the fluidized plugging material will be
displaced at different rates along the longitudinal axis of
the apparatus 1. This has the effect of different pressure

regimes arising, among other things.

Figure 4 shows a portion of a well 15 which 1s provided with
a casing 13. The casing 13 1s provided with perforations 17
which have been provided, 1n the embodiment shown, by means
of blasting charges. An annulus 198 1s defined between a por-

tion of the casing 13 and a formation 21.

A plug 23 of a kind known per se 15 placed 1n a portion otf
the well 15 located lower 1n the well than the perforated
portion of the casing 17. The purpose of the plug 23 1s to

provide a base or a support for a fluidized plugging material

(not shown 1n figure 4) which 1s to be carried into the well

15.
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Figure 5a shows the well 15 of figure 4, but the apparatus 1
shown in figure 2 having been moved to a lower portion of the
section of the well 15 which 1s to be plugged by means of a
fluidized plugging material 25. In the embodiment shown, the
fluildized plugging material 1s supplied through a bore ex-

tending through the driving device 11 and the carrier body 3

while, at the same time, the apparatus 1 1s beling rotated

around the longitudinal axis L.

Because of the above-mentioned spreading or spatula effect,
the blades 5> press or squeeze the plugging material 25
agalinst the i1inside of the casing 13 and out through the per-

forations 17 and further into the annulus 19.

Figure 5b shows the apparatus 1 of figure ba as the apparatus
1 1s 1n the process of being pulled out of the well 15 after
a desired portion of the well has been plugged. The apparatus

1 18 thus reusable.

Flgures 6a and 6b show the apparatus 1 according to the pre-
sent i1nvention 1n an embodiment 1n which the displacement
member 5 1s formed by three sets of collar-shaped bodies 5,
the sets being spaced apart. The collar—-shaped bodies 5 are

attached to the carrier body 3 by means of a hinging device

(not specifically shown). The hinging device 1s of a kind

known per se that 1s arranged to hold the collar-shaped bod-
1es 5 1n an unfolded position when the apparatus 1 1s being

moved 1n a first direction as shown by means of the arrow F1l

1n figure o©a, but the collar-shaped bodies 5 collapsing and

being moved 1n towards the carrier body 3 as the apparatus 1

1s being moved 1n a second direction as shown by means of the
arrow 2 1n figure o6b. Alternatively, the arrows 1in figures
ca and o6b may be placed the other way round, but then the

shoulder element 3" shown 1in figure o6b will have to be placed

on an upper side of the attachment portion of the collar-
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shaped bodies 5, and not the lower side as shown 1n figure

ob.

In the embodiment shown, the hinging devices are attached to

plpe pleces 3' screwed together between sections of carrier

bodies 3.

The purpose of the "jellvfish motion", which 1s provided by
means of the hinged attachment of the collar-shaped bodies 5,

1s first and foremost to bring fluidized plugging material,

which 1s carried 1n from a lower, or possibly an upper, por-
tion of the apparatus 1, to enter a space 20 defined between
two sets of collar-shaped bodies b, the carrier body 3 and

the casing 13.

The displacement members 5 that are shown i1n figures 6a and

ob require a driving device 11 that provides a reciprocating
motion along the longitudinal axis L. of the casing 13. Such a

recilprocating driving device may be of a kind known per se

and will therefore not be mentioned 1n any greater detail in

this document.

In an alternative embodiment, the apparatus 1 shown 1in figure

oa may be provided with an attachment portion 7 which 1s

fixed such as for the blades 5 shown 1n figures la and 1lb,

for example. The collar-shaped bodies 5 will then project to-
wards the casing 13 independently of whether the apparatus 1
1s moving 1n the direction Fl or F2. To make 1t easier for

fluidized plugging material carried 1n from a lower, possibly

an upper, portion of the apparatus 1 to enter the annuli de-
fined between two sets of collar-shaped bodies 5, the carrier
body 3 and the casing 13, 1t 1s an advantage 1f the radial
extent of the collar-shaped elements o 1s smaller than the

internal diameter of the casing 13.

To achieve a desired spreading or spatula effect correspond-



20

ing to that described for the apparatuses shown in figures
1-3, the collar-shaped bodies 5 may be, with respect tO

materials and flexibility, of the kind that is described

for the blades 5 shown in said figures.

5 Figure 7 shows, on a larger scale, a section through the

line B-B shown in figure 6a. In figure 7 only the apparatus

1 and the casing 13 are shown. In the embodiment shown, the

collar-shaped body 5 is composed of a plurality of collar

sector elements 5' (sixteen shown). Even though figure 7
10 sows said section B-B, figure 7 might equally well have

been a section seen from an upper side of a collar-shaped

body extending in a helix around the carrier element 3

shown in figure 6a, for example.

Figure 8 shows, on a smaller scale, an apparatus 1
15 according to the invention, the apparatus being assembled

into a stack of several apparatuses 1 with displacement

members 5 of different nature.

Figure 9 shows the apparatus of figure 2 shown in an

application for positioning a fluidized plugging material

20 in an open-hole section without casing. The fluidized

plugging material is not shown 1in figure 9.

CA 2829777 2018-09-12
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What 1s claimed 1is:

A method of providing a permanent or temporary plug in a
casing 1n a well, wherein the plug is provided by means
of a fluidized plugging material which is carried into

the well from a surface of the well, wherein the method

comprilises:
- using an apparatus for positioning the fluidized plug-
ging material in the well, the apparatus comprising:

- a carrxiler body;

- at least one displacement member arranged on the
carrier body, wherein the displacement member is defined
by a surface of the carrier body and a free end portion
facing outwards from the carrier body, whereby the free
end portion will face an inside of the casing when
placed therein; and

- a driving device connected to the carrier body
for allowing the carrier body and the at least one dis-
placement member to be set in motion in the casing;

- moving the apparatus into the casing in the well;
- activating the driving device and thus setting the ap-

paratus 1n motion in the casing and supplying the fluid-

ized plugging material from the surface of the well,
thereby setting the fluidized plugging material in mo-
tion in the casing;

- continuing moving the apparatus for a predetermined
time after having supplied all of the plugging material;
and

- pulling the apparatus out of the well, whereby the ap-

paratus 1s retrievable from the well.

CA 2829777 2018-05-17
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The method according to claim 1, wherein the well is an

o1l well or a gas well.

The method according to claim 1 or 2, wherein the casing

is a non-perforated casing.

The method according to claim 1 or 2, wherein the casing

1s a perforated casing having perforations for providing

fluid-communication channels between an internal bore of

the casing and an outside of the casing.

The method according to any one of claims 1-4, wherein
the driving device 1s a pipe string which is arranged to
be set 1n rotation around a longitudinal axis of the
casing, so that the movement of the apparatus is a rota-

tional movement around the longitudinal axis of the cas-

ing.

The method according to any one of claims 1-5, wherein

the displacement member is a blade.

The method according to claim 6, wherein the free end
portion of the blade is arranged to exhibit, at least
upon rotation of the carrier body, a deflection relative
Lo a central contact portion between the blade and the

carrier body.

The method according to claim 6, wherein the carrier
body and the at least one blade, upon rotation before

the apparatus has been moved into the casing, circum-

scribe a circle having a diameter which is larger than
an ilnternal diameter of the casing, whereby the at least

one blade assumes a curvature when placed in the casing.

CA 2829777 2018-05-17
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The method according to claim 6, wherein the carrier
body and the at least one blade, upon rotation thereof,
clrcumscribe a circle having a diameter which is equal

Lo or smaller than an internal diameter of the casing.

The method according to any one of claims 6-9, wherein a

longitudinal axis of the at least one blade extends par-

allel to a longitudinal axis of the carrier body.

The method according to any one of claims 6-9, wherein a
longitudinal axis of the at least one blade extends at
an angle relative to a longitudinal axis of the carrier

body.

The method according to any one of claims 1-4, wherein

the driving device 1is a reciprocating driving means
which 1s arranged to provide forward and backward move-
ments of the at least one displacement member along a

longiltudinal axis of the casing.

The method according to claim 12, wherein the displace-

ment member 1s a collar-shaped body.

T'he method according to claim 13, wherein the free end

portion of the collar-shaped body is arranged to ex-
hibit, at least upon movement, a deflection relative to
a central contact portion between the collar-shaped body

and the carrier body.

The method according to claim 13 or 14, wherein the col-

lar-shaped body extends in a helix around the carrier

body.

CA 2829777 2018-05-17
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The method according to claim 13, 14 or 15, wherein the

collar-shaped body extends at least 360° around the car-

rier body.

The method according to any one of the claims 13-16,

wherein the collar-shaped body includes at least two

collar sector elements.

The method according to claim 17, wherein at least one

of the collar sector elements is provided with a hinged
attachment portion, so that the free end portion is al-
lowed to be moved inward towards the carrier body during

one of the forward and backward movements of the appa-

ratus 1in the casing.

The method according to any one of claims 1-18, wherein

the plugging material is a hardenable material.

The method according to claim 19, wherein the hardenable

material i1s a cement-based plugging material.

The method according to claim 19 or 20, wherein the load
capacity of the at least one displacement member is
higher than the loads affecting the displacement member
upon movement of the apparatus in non-hardened plugging
material, but lower than the loads affecting the dis-
placement member upon movement of the apparatus in hard-
ened plugging material, so that at least a portion of
the displacement member will break if a hardening pro-

cess exceeds a predetermined level.

CA 2829777 2018-05-17




25

22. The method according to any one of claims 1-21, wherein
one portion of the carrier body has a larger external

diameter than another portion of the carrier body.

23. The method according to any one of claims 1-22, wherein
5 Cthe at least one displacement member includes two or

more spaced-apart displacement members.

24. The method according to any one of claims 1-23, wherein
the carrier body 1s provided with a bore arranged to
carry the plugging material, which is received from the

10 surface of the well, out through a lower end portion of

the apparatus.

25. The method according to any one of claims 1-24, wherein
at least a portion of the carrier body is made of the

same material as the at least one displacement member.

CA 2829777 2018-05-17
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