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(54) ABANDONMENT PLUG AND PLUG AND ABANDONMENT SYSTEM

(67)  The present invention relates to an abandon-
ment plug for plug and abandonment of a well, said aban-
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donment plug comprising a first end part being closable \ 26
or closed, a second end part being tubular and having a 5 §,,,’ 19
groove in an inner face, an expandable metal sleeve ar- m 9
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ranged between the end parts, the end parts being more
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rigid than the expandable metal sleeve, and an expan- 11 §’i.5 (7 gi
sion unit releasably connected to the second tubular end 12 %7,)7 /?"’7
part, the expansion unit comprising at least one radially > /

projectable fastening element, a unit sleeve, and a piston
movable in the unit sleeve for, in a first position, forcing
the radially projectable fastening element and, in a sec-
ond position, being offset in relation to the radially pro-
jectable fastening element, allowing the radially project-
able fastening elementto move radially inwards. Further-
more, the present invention relates to a plug and aban-
donment system comprising the abandonment plug ac-
cording to the present invention.
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Description

[0001] The present invention relates to an abandon-
ment plug for plug and abandonment of a well and to a
plug and abandonment system.

[0002] When a well becomes less productive, and all
attempts to improve the production of hydrocarbons from
areservoir have failed, the unproductive part of the well,
if not the whole well, is plugged and abandoned. Plug
and abandonment is an important part of the lifetime of
a well. It is also a costly process since the authorities
have high requirements for the plugging operations in
order to ensure that the well does not pollute the envi-
ronment. Most regulatory bodies require that cement
plugs be placed and tested across any open hydrocar-
bon-bearing formations, across all casing shoes, across
freshwater aquifers, and perhaps across several other
areas near the surface, including the top 6 to 15 m of the
wellbore. The well designer often chooses to set bridge
plugs in conjunction with cement slurries to ensure that
higher density cement does not fall in the wellbore. In
that case, the bridge plug would be set and cement
pumped on top of the plug through a drill pipe string, and
then the drill pipe string would be withdrawn before the
slurry thickened. In other situations, the plug is set and
cement is pumped down through the plug, and thus the
cement is arranged underneath the plug before the plug
is permanently closed for flow-through. Most of the plugs
have complex designs for providing flow-through during
insertion of the plug, and thus the plugs are provided with
shear pins, pistons, sealing arrangement etc.

[0003] When planning a well, costs for plug and aban-
donment have to be guaranteed, so that the authorities
are not left with a large bill to pay for the plug and aban-
donment, and thus a well operator will always seek a lees
expensive solution for plug and abandonment so that less
money is to be guaranteed. However, known plugs are
expensive and some fail due to the complexity of the plug
to provide flow-through, and subsequently the plug can-
not close as intended and a new plug has to be inserted.
[0004] Itis an object of the present invention to wholly
or partly overcome the above disadvantages and draw-
backs of the prior art. More specifically, it is an object to
provide an improved plug and abandonment system
which is less complex and costly than know solutions.
[0005] Theabove objects, together with numerous oth-
er objects, advantages and features, which will become
evident from the below description, are accomplished by
a solution in accordance with the present invention by an
abandonment plug for plug and abandonment of a well,
said abandonment plug comprising:

- afirst end part being closable or closed,

- asecond end part being tubular and having a groove
in an inner face,

- an expandable metal sleeve arranged between the
end parts, the end parts being more rigid than the
expandable metal sleeve, and
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- an expansion unit releasably connected to the sec-
ond tubular end part, the expansion unit comprising:

- at least one radially projectable fastening ele-
ment,

- aunit sleeve, and

- a piston movable in the unit sleeve for, in a first
position, forcing the radially projectable fasten-
ing element and, in a second position, being off-
set in relation to the radially projectable fasten-
ing element, allowing the radially projectable
fastening element to move radially inwards.

[0006] The abandonment plug according to the
present invention may further comprise a first breakable
element for maintaining the piston in the first position in
relation to the unit sleeve until the breakable element
breaks at a predetermined force.

[0007] Moreover,the expandable metal sleeve may be
mounted end to end to the first and second end parts.
[0008] Also, the expandable metal sleeve may be the
only element connecting the first end part and the second
end part.

[0009] Further, the expandable metal sleeve may have
circumferential projections.

[0010] In addition, the expandable metal sleeve may
have a sealing element arranged between two projec-
tions.

[0011] Furthermore, the piston may be tubular.
[0012] Additionally, the piston may have a first piston
part and a second piston part which are movable in re-
lation to each other.

[0013] Moreover, the first piston part may be tubular
and the second part may be bore-less.

[0014] The abandonment plug according to the
present invention may further comprise a second break-
able element between the unit sleeve and the second
end part for maintaining the unit sleeve in the first position
in relation to the second end part until the breakable el-
ement breaks at a predetermined force.

[0015] Also, the unit sleeve may have a unit groove in
which the radially projectable fastening element is ar-
ranged.

[0016] The unitsleeve may comprise sealing elements
arranged between the unit sleeve and the second end
part.

[0017] Further, the piston may have a ball seat for re-
ceiving a ball dropped into the well.

[0018] In addition, the second end part may have an
opening for receiving a wiper dart or ball to close the
second end part.

[0019] Furthermore, the plug may be connected to a
workover pipe, drill pipe, coiled tubing or similar discon-
nectable tubing.

[0020] Moreover, the unit sleeve may have a through-
bore in which the piston slides.

[0021] Further, the abandonment plug may comprise
aventing portin the second tubular end part for equalising
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the pressure within well while running in the plug.
[0022] The presentinvention also relates to a plug and
abandonment system comprising the abandonment plug
according to the present invention and a cement supply
for supplying cement above the plug, below the plug
and/or in the plug.

[0023] The plug and abandonment system according
to the present invention may further comprise a stroking
tool connected to the expansion unit for providing an axial
force for expanding the expandable metal sleeve.
[0024] Said plug and abandonment system according
to the present invention may furthermore comprise di-
connectable tubing connecting the cement supply with
the plug.

[0025] The invention and its many advantages will be
described in more detail below with reference to the ac-
companying schematic drawings, which for the purpose
of illustration show some non-limiting embodiments and
in which

Figs. 1a-1e show a cross-sectional view of an aban-
donment plug before, during and after setting of the

plug,

Figs. 2a-2e show a cross-sectional view of another
abandonment plug before, during and after setting
of the plug,

Figs. 3a-3d show a cross-sectional view of another
abandonment plug before, during and after setting
of the plug,

Figs. 4a-4c show a plug and abandonment system
during cementing through drill pipe, expansion of the
plug and after the plug and cement are installed, and

Figs. 5a and 5b show a plug and abandonment sys-
tem having a stroking tool during expansion of the
plug and installation of cement.

[0026] Allthe figures are highly schematic and not nec-
essarily to scale, and they show only those parts which
are necessary in order to elucidate the invention, other
parts being omitted or merely suggested.

[0027] Fig. 1a shows an abandonment plug 1 for plug
and abandonment of a well. The abandonment plug 1
comprises a first end part 3 being closed and forming a
bottom of the plug, and a second end part 4 being tubular
and having a groove 5 in its inner face 6. The second
end partis closestto the top ofthe well. The abandonment
plug 1 further comprises an expandable metal sleeve 7
arranged between the end parts, so that the expandable
metal sleeve is the only element connecting the first end
part and the second end part. The end parts 3, 4 are
more rigid than the expandable metal sleeve 7, so that
when a pressurised fluid is applied, the expandable metal
sleeve is radially expanded to permanently deform and
conform to the borehole wall or to a well tubular metal

10

15

20

25

30

35

40

45

50

55

structure, thereby forming a plug therein. The abandon-
ment plug 1 furthermore comprises an expansion unit 8
which is releasably connected within the second tubular
end part. The expansion unit comprises at least one ra-
dially projectable fastening element 9, a unit sleeve 10
and a piston 11 movable withinthe unitsleeve. The piston
11 moves between a first position, shown in Figs. 1aand
1b, in which the piston 11 forces the radially projectable
fastening element 9 radially outwards in engagement
with the groove 5, and a second position, shown in Figs.
1c-1e,inwhich the piston is offsetin relation to the radially
projectable fastening element9, allowing the radially pro-
jectable fastening element to move radially inwards.
[0028] In Fig. 1a, the piston 11 has a first piston part
16 and a second piston part 17. The first piston part 16
and the second piston part 17 are separate pistons ca-
pable of moving in relation to each other. After the ball
is dropped as shown in Fig. 1b, the second piston part
17 is able to move downwards, and the fluid under the
ball expands the expandable metal sleeve 7, as shown
in Fig. 1c. The abandonment plug 1 further comprises a
first breakable element 12 for maintaining the first piston
part 16 of the piston 11 in the first position, shown in Figs.
1a-1b, in relation to the unit sleeve 10 until the breakable
element 12 breaks at a predetermined force applied by
a pressure difference between the annulus pressure act-
ing on the first piston part 16 at the unit groove 19 and
the expansion pressure inside the first piston part acting
on a piston flange 44 below sealing element 37B, as
shown in Fig. 1c. By a further increase in pressure, the
piston 11 and the unit sleeve 10 move downwards re-
leasing the unit sleeve by breaking a second breakable
element 18, as shown in Fig. 1d, and the expansion unit
8 is retracted from the well as shown in Fig. 1e.

[0029] Ascanbeseenin Fig. 1e,the expandable metal
sleeve 7 is mounted end to end to the first and second
end parts 3, 4, so that the expandable metal sleeve 7 is
the only element connecting the first end part 3 and the
second end part4. The expansion unit has beenreleased
and pulled out and the plug is ready for being filled with
cement to place cement above the plug 1. The expand-
able metal sleeve 7 has circumferential projections 14
and a sealing element 15 arranged between two projec-
tions to better seal against the borehole or within a well
tubular metal structure.

[0030] By only relying on simple mechanical functions
such as breaking a shear pin to expand the abandonment
plug 1 and then pull out the expansion unit 8, no complex
structure can get stuck and hinder the plug and aban-
donment. The plug left in the well is very simple but suf-
ficient to hold the cement until it cures. When running the
plugin, the fluid can easily pass the plug and no advanced
flow-through is required since the cement is applied on
top of the set plug.

[0031] The abandonment plug 1 is typically connected
to a workover pipe, drill pipe (a drill pipe string), coiled
tubing or similar disconnectable tubing in order to provide
pressurised fluid from surface to expand the abandon-
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ment plug 1 and disconnect when the plug has been set.
In another embodiment, the abandonment plug 1 is con-
nected to a wireline tool having a pump for providing the
pressurised fluid.

[0032] The piston 11 is tubular provided by a bore 36
and thus has a very simple design. The piston of Figs.
1a-1d has a first piston part 16 and a second piston part
17 which are movable in relation to each other. The first
piston part 16 is tubular so that the ball can flow past,
and the second piston part is bore-less so that the ball
22 can seat in a ball seat 21 in the second piston part 17
and the second piston part functions as the piston 11
enabling expansion of the expandable metal sleeve 7.
[0033] The abandonment plug 1 further comprises the
second breakable element 18 between the unit sleeve
10 and the second end part 4 as a safety precaution for
maintaining the unit sleeve in the first position in relation
to the second end part during expansion of the expand-
able metal sleeve until the second breakable element 18
breaks at a predetermined force. However, the second
breakable element is easy to break by applying a down-
ward force on the unit sleeve 10, e.g. by increasing the
pressure, and the expansion unit 8 can thus always be
easily retracted. The unit sleeve 10 of Fig. 1a has a unit
groove 19 in which the radially projectable fastening el-
ement9is arranged. The unitsleeve 10 further comprises
sealing elements 37 arranged between the unit sleeve
10 and the second end part 4.

[0034] The abandonment plug 1 of Figs. 2a-2e has an
opening 23 in the second end part 4 for receiving a wiper
dart 24 (or a ball) to close the second end part. By having
an opening 23 in the second end part, cement can be
injected below the plug 1 before the expandable metal
sleeve 7 is expanded and the plug set. After the cement
has been applied through the opening 23, a wiper dart
24 is dropped and seats in the second end part 4, as
shown in Fig. 2b, closing the second end part 4. Subse-
quently, cement can be applied through a drill pipe string
of drill pipe connected to the plug, and the expandable
metal sleeve 7 is expanded as shown in Fig. 2c. In this
step, the first breakable element 12 is broken by the pis-
ton 11 moving slightly downwards, so that the radially
projectable fastening element 9 is free to move radially
inwards. This is due to the same pressure difference over
the first piston part 16, as described in relation to Fig. 1a-
1e. By continuing the pressure increase, the piston 11
and the unit sleeve 10 is moved downwards, breaking
also the second breakable element 18, and the drill
pipe/drill pipe string can be retracted together with the
expansion unit 8, as shown in Fig. 2e, while pumping
cement down the drill pipe and the expansion unit which
then is applied above the plug if requested by the oper-
ator. The plug 1 can thus be set in the middle of a ce-
mented zone to contribute to the curing process in the
intended position as this plug 1 can be applied with ce-
ment under, in and above the plug. In Figs. 2a-2d, the
piston 11 is one part only moving from the first position
to the second position.
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[0035] InFig. 3a, the unitsleeve 10 has a through-bore
26 in which the piston 11 slides as in Figs. 1a-1d and
Figs. 2a-2d. The unit sleeve 10 of the abandonment plug
1 of Figs. 3a-3d is connected to a housing of a stroking
tool 32 (shown in Fig. 5a). The stroking tool has a stroking
shaft whichin a first downward stroke pushes the second
piston part 17 downwards to expand the expandable met-
al sleeve 7 by the enclosed fluid below the second piston
part 17. In a second stroke, the stroking tool engages the
grooves 38 (shown in Fig. 3a) in the tubular piston 11
and moves the first piston part 16 downwards breaking
breakable element 12. In another embodiment the strok-
ing tool may provide a pressurised fluid to move the sec-
ond piston part 17, as shown in Fig. 3b, in order to expand
the expandable metal sleeve 7. The stroking tool then
provides a further downward stroke to displace the piston
11 and the unit sleeve 10 downwards, breaking the sec-
ond breakable element, i.e. a shear pin 18, and releasing
the expansion unit8 from the second end part4, as shown
in Fig. 3c, and the tool is retracted, as shown in Fig. 3d.
[0036] Sealing means 37 is provided in different plac-
es, as shown in Figs. 1a-3d, for ensuring a sufficient seal
between moving parts of the abandonment plug 1. As
shownin Fig. 3d, the expandable metal sleeve 7 is mount-
ed by means of connection parts 41 to an end 42 of the
first end part 3 and to an end 43 of the second end part
4. Thus, the connection parts overlap the ends 42, 43
connecting the expandable metal sleeve 7 end to end to
the first and second end parts 3, 4.

[0037] InFigs.4a-4c, aplugand abandonment system
100 is shown in a well 2 comprising the abandonment
plug and a cement supply 31 for supplying cement above
the plug, below the plug and/or in the plug depending on
what plug solution is chosen. The plug and abandonment
system 100 is arranged in a borehole 102 by means of
drill pipe 25 or similar disconnectable tubing from a top
103 of the well.

[0038] In Figs. 5a-5b, the plug and abandonment sys-
tem 100 is shown in a well 2 and comprises a stroking
tool 32 connected to the expansion unit for providing an
axial force for expanding the expandable metal sleeve
7, as shown in Fig. 5b, where the expansion unit 8 has
been withdrawn, and cement 35is applied above the plug
1.

[0039] A stroking tool 32 is a tool providing an axial
force. The stroking tool comprises an electrical motor for
driving a pump. The pump pumps fluid into a piston hous-
ingto move a piston actingtherein. The pistonis arranged
on the stroker shaft. The pump may pump fluid into the
piston housing on one side and simultaneously suck fluid
out on the other side of the piston.

[0040] By fluid or well fluid is meant any kind of fluid
that may be present in oil or gas wells downhole, such
as natural gas, oil, oil mud, crude oil, water, etc. By gas
is meant any kind of gas composition present in a well,
completion, or open hole, and by oil is meant any kind of
oil composition, such as crude oil, an oil-containing fluid,
etc. Gas, oil, and water fluids may thus all comprise other
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elements or substances than gas, oil, and/or water, re-
spectively.

[0041] By an annular barrier is meant an annular bar-
rier comprising a tubular metal part mounted as part of
the well tubular metal structure and an expandable metal
sleeve surrounding and connected to the tubular part de-
fining an annular barrier space.

[0042] By a casing or a well tubular metal structure is
meant any kind of pipe, tubing, tubular, liner, string etc.
used downhole in relation to oil or natural gas production.
[0043] In the event that the tool is not submergible all
the way into the casing, a downhole tractor can be used
to push the tool all the way into position in the well. The
downhole tractor may have projectable arms having
wheels, wherein the wheels contact the inner surface of
the casing for propelling the tractor and the tool forward
in the casing. A downhole tractor is any kind of driving
tool capable of pushing or pulling tools in a well downhole,
such as a Well Tractor®.

[0044] Although the invention has been described in
the above in connection with preferred embodiments of
the invention, it will be evident for a person skilled in the
art that several modifications are conceivable without de-
parting from the invention as defined by the following
claims.

Claims

1. Abandonment plug (1) for plug and abandonment of
a well (2), said abandonment plug comprising:

- a first end part (3) being closable or closed,

- asecond end part (4) being tubular and having
a groove (5) in an inner face (6),

- an expandable metal sleeve (7) arranged be-
tween the end parts, the end parts being more
rigid than the expandable metal sleeve, and

- an expansion unit (8) releasably connected to
the second tubular end part, the expansion unit
comprising:

- at least one radially projectable fastening
element (9),

- a unit sleeve (10), and

- a piston (11) movable in the unit sleeve
for, in afirst position, forcing the radially pro-
jectable fastening element and, in a second
position, being offset in relation to the radi-
ally projectable fastening element, allowing
the radially projectable fastening element to
move radially inwards.

2. Abandonmentplugaccordingto claim 1, further com-
prising a first breakable element (12) for maintaining
the piston in the first position in relation to the unit
sleeve until the breakable element breaks at a pre-
determined force.
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10.

1.

12.

13.

14.

15.

Abandonment plug according to claim 1 or 2, wherein
the expandable metal sleeve is mounted end to end
to the first and second end parts.

Abandonment plug according to any of the preceding
claims, wherein the piston is tubular.

Abandonment plug according to any of the preceding
claims 1-3, wherein the piston has a first piston part
(16) and a second piston part (17) which are movable
in relation to each other.

Abandonment plug according to claim 5, wherein the
first piston partis tubular and the second partis bore-
less.

Abandonment plug according to any of the preceding
claims, further comprising a second breakable ele-
ment (18) between the unit sleeve and the second
end part.

Abandonment plug according to any of the preceding
claims, wherein the unit sleeve has a unit groove
(19) in which the radially projectable fastening ele-
ment is arranged.

Abandonment plug according to any of the preceding
claims, wherein the piston has a ball seat (21) for
receiving a ball (22) dropped into the well.

Abandonment plug according to any of the preceding
claims, wherein the second end part has an opening
(23) for receiving a wiper dart (24) or ball to close
the second end part.

Abandonment plug according to any of the preceding
claims, wherein the plug is connected to a workover
pipe, drill pipe (25), coiled tubing or similar discon-
nectable tubing.

Abandonment plug according to any of the preceding
claims, wherein the unit sleeve has a through-bore
(26) in which the piston slides.

Plug and abandonment system comprising the
abandonment plug according to any of the preceding
claims and a cement supply (31) for supplying ce-
ment above the plug, below the plug and/or in the

plug.

Plug and abandonment system according to claim
13, further comprising a stroking tool (32) connected
to the expansion unit for providing an axial force for
expanding the expandable metal sleeve.

Plug and abandonment system according to claim
13, further comprising diconnectable tubing (25)
connecting the cement supply with the plug.
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