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Description
TECHNICAL FIELD

[0001] The present invention relates to plugging and
abandonment operations of old and new wells, in partic-
ular in oil and gas fields. The present invention further
relates to the removal of a section of a casing lining a
borehole.

BACKGROUND

[0002] When a borehole is to be closed or abandoned,
the solution for sealing the borehole must be safe and
reliable. It is generally required that hydrocarbon emis-
sions from a gas or oil well are prevented from leaking
from an abandoned borehole.

[0003] A wellin a gas or oil field typically has a casing
that lines the inside of a borehole. The casing is typically
composed of large diameter pipe sections that are cou-
pled together and inserted into a recently drilled section
of a borehole. The casing may be held into place inside
the borehole with cement material injected between the
casing and the wall of the borehole.

[0004] The casing material typically deteriorates over
time, and should therefore not form an integral part of a
plug. Furthermore, if cement material is holding the cas-
ing in place inside the borehole, it may be permeable to
the fluids. It is sometimes difficult to obtain a sufficient
good cement barrier. If only the casing is plugged, fluids
may leak from the casing, through the cement material,
and into the surrounding ground. Thus, the cement ma-
terial should be sealed with additional material. In order
to provide a good cement barrier, the casing is therefore
removed and the wellbore opened up exposing a fresh
formation or a surrounding cement barrier. A cement plug
is then typically set in the newly opened hole.

[0005] There exist several methods to remove a casing
inside a well. The most commonly used are milling from
the top of the exposed casing and section milling inside
a casing interval. These conventional milling operations
are time consuming since the entire steel material of cas-
ing section has to be milled into small fragments. For
longer casing strings or intervals, such operations may
take several weeks.

SUMMARY

[0006] Itis an object of the present invention to reduce
the time needed for plug and abandonment operations
in old wells. It is also an object of the present invention
to reduce time in removing the casing or a portion of the
casing inside a well. Additionally, it is an object of the
invention to reduce the time needed for a complete re-
moval of casing section.

[0007] The above objects, and further objects that are
conceivable from the specifications, are achieved by a
first aspect of the present invention involving a method
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for removing a casing section from a casing that lines a
subsurface borehole. The casing section comprises a
wall constituting an elongated hollow cylinder. The meth-
od comprises: separating the casing section from the rest
of the casing, cutting the complete casing section in a
lengthwise direction of the borehole into at least three
elongated casing portions, and removing the elongated
casing portions from the original location of the casing
section.

[0008] The cutting into elongated casing portions has
the effect that the casing section can be removed in large
pieces, which means that the required amount of energy
and time is reduced. Furthermore, cutting requires only
a small amount of the material, such as 1 %, of the casing
section to be removed by machining, while in existing
techniques, such as milling, 100 % of the material is re-
moved through machining. This also reduces the re-
quired amount of energy and time of the operation.
[0009] The casing section may be a pipe segment in
a long series of pipe segments constituting a casing
string. Additionally or alternatively, the number of elon-
gated casing portions may be 3, 4, 5, 6. Preferably, the
number of elongated casing portions is 4. With this
number of elongated casing portions, they can readily be
transported together inside the casing, even if the cutting
as such removes little material.

[0010] The step of separating the casing section may
be performed prior, simultaneous, and/or subsequent to
cutting the casing in a lengthwise direction. For example,
if a casing section is a pipe segment joined to the rest of
the casing by a coupling, the coupling may be broken
before or after cutting the casing section. If couplings are
not used, for example if the casing section is a pipe seg-
ment with a male threaded end coupled to a female
threaded end of another pipe segment, the separating is
then simultaneous to cutting the casing.

[0011] The step of removing the elongated casing por-
tions may comprise: pulling an elongated casing portion
of the at least three elongated casing portions back
through the borehole. Alternatively, the step of removing
the elongated casing portions may comprise: pulling all
elongated casing portions back through the borehole.
The pulling back through the borehole may be inside the
casing. The inclination of the borehole at the original lo-
cation of the casing section may have a vertical compo-
nent and the step of removing the elongated casing por-
tions may comprise: allowing an elongated casing portion
of the at least three elongated casing portions to fall
downward into the borehole.

[0012] The step of removing the elongated casing por-
tions may comprise: guiding an elongated casing portion
of the at least three elongated casing portions deeper
into the borehole. Alternatively or additionally, the step
of removing the elongated casing portions may comprise:
transporting an elongated casing portion of the at least
three elongated casing portions deeper into than the orig-
inal location of the casing section and subsequently re-
leasing the elongated casing portion.
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[0013] The casing section may be connected to the
casing by an annular connector and the step of separat-
ing the casing section may comprise: cutting the annular
connector in a lengthwise direction of the borehole into
connector portions corresponding in number to the at
least three elongated casing portions. The pipe section
may be a male threaded pipe and the annular connector
may be shorter double-female threaded pipe. The re-
maining of the casing may be composed of a series of
male threaded pipes coupled by shorter double-female
threaded pipes. The whole casing may be a casing string
of composed of pipe sections having the same diameter.
The casing string may line the complete borehole. Alter-
natively, the casing string may line a portion of the bore-
hole and be connected in series with another casing
string.

[0014] The casing section may be integral with the rest
of the casing at an end of the casing section and the step
of separating the casing section may comprise: cutting
the casing at the end of the casing section for separating
the casing section from the casing atthat end. The cutting
of the casing at the end of the casing section may be in
a radial direction with respect to the wall of the casing
section.

[0015] One or more of the above objects are achieved
by a second aspect of the invention involving a method
for sealing a subsurface borehole at least in part lined
with a casing. The method comprises: removing a casing
section from the casing that lines the subsurface bore-
hole according to the method described in relation to the
first aspect of the present invention. The casing section
comprises a wall constituting an elongated hollow cylin-
der, and the method further comprises: introducing a cur-
able medium at the original location of the casing section
filing at least a portion of the borehole at the original
location of the casing. An example of a curable medium
is a cement mixture, such as concrete. The curable me-
dium may contact the naked walls of borehole. This as-
pect has the additional effect that a safe and secure plug-
ging of the borehole is achieved without the risk of the
casing deteriorating and starting to leak. Furthermore,
with the reduced time for removing a casing section, more
locations or longer sections of the borehole can be
plugged. After the step of removing the casing, the bore-
hole may be reamed at the original location of the casing
section to provide a fresh rock. This has the effect that
the seal is improved. As an alternative to introducing a
curable medium at the original location, the open bore-
hole may be plugged with a mechanical plug.

[0016] All the additional or alternative features de-
scribed above in relation to the first aspect of the present
invention may be implemented in the second aspect of
the present invention.

[0017] One or more of the above aspects are achieved
by a third aspect of the invention. The third aspect is
constituted by a cutting tool for cutting a casing section
of a casing that lines a subsurface borehole into elongat-
ed casing portions, and the casing section comprises a
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wall constituting an elongated hollow cylinder. The cut-
ting tool comprises: a support structure for being intro-
duced into and moved along the casing, and a cutter
arranged on the support structure for cutting the complete
casing section in a lengthwise direction of the borehole
into athree or more elongated casing portions when mov-
ing the cutting tool along the casing section.

[0018] The arrangement of the cutter enables a quick
removal of a casing section in that it can be removed in
afew large pieces. The cutter may be adapted to cut the
casing section into the elongated casing portion in one
passage of the cutter through the casing section. This
further reduced the time required for a removal of the
casing. The wall of the casing may have a circular cross
section and the cutter may be adapted for cutting the
casing section into elongated casing portions of equal
shape and/or size.

[0019] The cutter may comprise a plurality of circular
cutting or abrasion disc for cutting the casing section into
the elongated casing portions. For example, the circular
cutting or abrasion discs may be a diamond saw blades.
Alternatively or additionally, the cutter may comprise a
laser cutter or water jet. Each circular cutting or abrasion
disc may be retractable with respect to the support struc-
ture for allowing the cutting tool to be inserted into the
casing, and each circular cutting or abrasion disc may
be extendable with respect to the support structure for
allowing the circular cutting or abrasion discs to contact
and cut the wall of the casing section. For example, this
may be achieved by expanding the circular cutting or
abrasion disc so the outer diameter exceeds that of the
casing section and any couplings connected to the casing
section. With this arrangement, the cutting tool can be
positioned at any location along the casing before com-
mencing the cutting. Furthermore, the cutting tool can be
moved in any direction while cutting. This gives great
flexibility in performing a plugging operation, and the re-
quired time of operation can typically be reduced.
[0020] The cutting tool may further comprise: a casing
portion support for carrying the elongated casing portions
with the cutting tool in a movement of the cutting tool
inside the borehole. The casing portion support may be
further adapted for carrying the elongated casing portions
in a movement of the cutting tool inside and along the
casing. This allows for the elongated casing portions to
be pulled back through the borehole or to guide or trans-
port them deeper into the borehole.

[0021] The casing section may be of a ferromagnetic
material and the casing portion support may comprise
one or more electromagnets for carrying the elongated
casing portions. This allows for a swift handling of the
elongated casing portions, for example when pulling
them back through the borehole. Alternatively or addi-
tionally, the casing portion support may comprise a me-
chanical clamping device for carrying the elongated cas-
ing portions. The casing portion support may be arranged
on the support structure at a location that is deeper in
the borehole than the cutter. This is particularly advan-
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tageous if cutting tool is operated to pull elongated casing
portions back through the borehole.

[0022] The cutting tool may further comprise: a cen-
tralizer for preventing the elongated casing portions from
collapsing inwards subsequent to a cutting of the casing
section into the elongated casing portions. Additionally
or alternatively the cutting tool may further comprise: a
centralizer for supporting the elongated casing portions
at the original location of the casing section subsequent
to a cutting of the casing section into the elongated casing
portions. This has the effect that the elongated casing
portions are prevented from collapsing inward and trap-
ping the cutting tool or falling into the borehole.

[0023] The centralizers may be arranged on the sup-
portstructure. Additionally or alternatively, the centralizer
may comprise a wheel supported by the support struc-
ture, and the wheel may be rotatable in the lengthwise
direction of the casing section. The wheel may be biased
to press against the elongated casing portions.

[0024] The centralizer may be located at a shallower
depth in the borehole than the cutter. This is particularly
advantageous when cutting in a direction downward,
since then cuts longer than the support structure can be
made without the elongated casing portion collapsing in-
ward and preventing the cutting tool to be pulled back-
ward. This allows for longer cutting operations without
removal of a previously cut casing section, which may
reduce the operation time of removing several casing
sections. The cutting tool may further comprise a con-
nector support for connecting the support structure to
equipment above the borehole and supporting the sup-
port structure inside the borehole. The centralizer may
be attached to the connector support. The centralizer
may be a disc like structure centered on and oriented at
a right angle to the connector support. This solution al-
lows for particularly long cutting operations with several
pipe sections cut in one continuous movement down-
ward.

[0025] The connector support may be wireline. Alter-
natively, the connector support may be tubing, which is
particularly advantageous for bore holes with high well-
bore inclination.

[0026] All the additional or alternative features de-
scribed above in relation to the first aspect of the present
invention may be implemented in the second aspect of
the present invention.

[0027] In all aspects, the borehole may form part of an
oil and/or gas well. Alternatively, the borehole may form
part of a water well.

[0028] The above defined aspects of the invention are
not limited to be used in plug and abandonment opera-
tions only, but can also be employed also in other appli-
cations, such as when removing a part of a casing or liner
torecomplete a production well or to create a flow window
in an injection well.

[0029] Other objects, advantages and features of em-
bodiments of the invention will be explained in the follow-
ing detailed description when considered in conjunction
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with the accompanying drawings and claims.
BRIEF DESCRIPTION OF DRAWINGS
[0030]

Fig. 1 is a perspective view of a casing and an em-
bodiment of a cutting tool illustrating the operation
of the cutting tool,

Fig. 2 is a cross-sectional side view of a borehole
illustrating an embodiment of the cutting tool in op-
eration,

Fig. 3a-c are cross-sectional views of boreholes il-
lustrating the cutting of a casing section according
to different embodiments,

Fig. 4a-c are cross-sectional views of boreholes il-
lustrating the removal elongated casing portions ac-
cording to different embodiments, and

Fig. 5a-b are side view of an embodiment of the cut-
ting tool.

DETAILED DESCRIPTION

[0031] Figs. 1 and 2 illustrate the use of a cutting tool
10 for removing a casing section 14 from a casing 12 that
lines a subsurface borehole 16 in the ground 22. The
casing section 14 comprises a wall 18 constituting an
elongated hollow cylinder having a circular cross-section.
The casing section 14 is a pipe segment or section 24 in
a long series of pipe segments constituting a casing
string. The pipe segment or section 24 is joined to the
rest of the casing 12 by a coupling or connector 26. The
pipe segment or section 24 is a male threaded pipe and
the annular coupling or connector 26 is a shorter double-
female threaded pipe connecting to another male thread-
ed pipe segment or section 28.

[0032] The cutting tool has a support structure 30 in
the form of a hollow steel cylinder of a sufficiently small
diameter for being introduced into and moved along the
casing 12. A cutter in the form of four circular cutting
diamond saw blades 32 are arranged on and supported
by the support structure 30. The diamond saw blades 32
are driven by electrical motors located inside the support
structure 30. The electric motor is supplied with electricity
by way of an electric wire 38 connecting the cutting tool
10 to a power supply at the surface.

[0033] The diamond saw blades 32 are arranged on
the support structure 30 and extend from the support
structure 30 so that they cut the casing section 14 length-
wise into four elongated casing portions of equal size and
shape. This is achieved by a first pair of the diamond saw
blades 32 being parallel to one another and the remaining
second pair of diamond saw blades 32 being parallel to
one another, and the diamond saw blades 32 of the first
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pair being perpendicular to the diamond saw blades 32
of the second pair. The diamond saw blades 32 of the
first pair are located on the same elevation, and the dia-
mond saw blades 32 of the second pair are located on
the same elevation, but below the first pair. In an alter-
native embodiment, the diamond saw blades 32 may be
stacked lengthwise with respect to the support structure
30.

[0034] The lengthwise cutting is illustrated in Fig. 1,
showing the cuts 34 that the diamond saw blades 32 will
make when the cutting tool is moved downward inside
the casing 12. The locations of the cuts 34 are also illus-
trated in Fig. 3b. In other embodiments, the number of
diamond saw blades 32 is three or five, and the corre-
sponding locations of the cuts dividing the casing section
14 into elongated casing portions 20 of equal size and
shape are illustrated in Fig. 3a and 3b, respectively.
[0035] Thediamond saw blades 32 are retractable with
respect to the support structure 30 into the support struc-
ture 30 via apertures 31, thus allowing the cutting tool 10
to be inserted into the casing 12. Each diamond saw
blades 32 is furtherextendable with respect to the support
structure 30 so that it can contact and cut the wall of the
casing section 14. The retraction and extension of the
diamond saw blades 32 is controlled by electrical actu-
ators attached to and supported within the support struc-
ture 30. The diamond saw blades 32 are shown in ex-
tended state in Fig. 5a and retracted state in Fig. 5b. The
electric actuator is supplied with electricity by way of the
electric wire 38 connecting the cutting tool 10 to a power
supply at the surface.

[0036] In the extended state, the outer diameter or
maximum extent of the diamond saw blades 32 defines
an effective diameter of the cutting tool 10 that exceeds
the diameter of the casing section 14 and the coupling
26 connected to the casing section 14. Thus, in the ex-
tended state, the four diamond saw blades 32 will cut the
complete casing section 14 in a lengthwise direction of
the borehole 16 into four elongated casing portions when
the cutting tool 10 is moved along the casing section 14.
The effective diameter also exceed the outer diameter
of the annular connector 26, thus cutting itin a lengthwise
direction of the borehole 16 into four connector portions
27 of equal size and shape when the cutting tool is moved
through the connector 26. Two of the cuts of the connec-
tor 26 are shown in Fig. 1.

[0037] Inthe cutting illustrated in Fig. 1, the cutting tool
10 is moved downward, which means that the coupling
26 is cut after the casing section 14. Thus the casing
section 14 is separated from the rest of the casing 12
subsequent to the cutting of the casing section 14, pro-
vided that the casing section is already separated at its
upper end. In the cutting illustrated in Fig. 2, the cutting
tool 10 is moved downward, which means that the cou-
pling 26 is cut before the casing section 14. Thus the
casing section 14 is separated from the rest of the casing
12 prior to the cutting of the casing section 14, provided
that the casing section is already separated at its lower
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end.

[0038] After the casing section 14 has been cut into
four elongated casing portions 20, the elongated casing
portions 20 are removed from the original location of the
casing section 14. The cutting tool 10 has a casing portion
support 36 for carrying the elongated casing portions with
the cutting tool in a movement of the cutting tool inside
the borehole. The casing section 14 is of ferromagnetic
steel and the casing portion support 36 has electromag-
nets that can carry the elongated casing portions 20 by
way of generating a magnetic field. The electromagnet
36 is supplied with electricity by way of an electric wire
38 connecting the cutting tool 10 to a power supply at
the surface.

[0039] The cutting tool 10 has a connector support 40
in the form of a steel wire which supports the support
structure 30 inside the borehole 16. The elongated casing
portions 20 are pulled back through the casing 12 and
borehole 16 together with the support structure 30 by
pulling the connector support 40. This is illustrated in Fig.
4b, showing how the elongated casing portions 20 are
attracted to the electro magnet 36 and arranged so that
they so can be pulled through the casing 12. The casing
portion support 36 is located a location that is deeper in
the borehole than the diamond saw blades 32, which
means that the elongated casing portions 20 can easily
be pulled back through the borehole 16.

[0040] The casing portion support 34 can carry the
elongated casing portions 20 in a movement of the cutting
toolinside and along the casing, both up and down. Thus,
an operator of the cutting tool can choose to remove the
elongated casing portions 20 from the original location
of the casing section 14 by pulling them back through the
borehole or to guide or transport them deeper into the
borehole. This can be done inside the remaining casing
12. The elongated casing portions can be released deep-
er in the borehole 14 without a casing, as is illustrated in
Fig. 4c, or within a casing, as is illustrated in Fig. 4a.
[0041] In an alternative embodiment, the four elongat-
ed casing portions 20 are allowed to fall downward into
the borehole subsequent to the cutting.

[0042] The cutting tool 10 has centralizers in the form
of adisc like structures 42 attached to the connector sup-
port40. This way, the centralizer is located at a shallower
depth in the borehole 16 than the diamond saw blades
32. The disc like structures 42 are centered on and ori-
ented at a right angle so that the connector support 40
extends in a direction that is normal to the disc like struc-
tures 42. In Fig. 2 the cutting tool 10 is moved downward
and the disc like structures 42 prevents the previously
cut casing section 44 or pipe segments from collapsing
inward. When the cutting tool 10 moves further down-
ward, the disc like structures 42 will supporting the elon-
gated casing portions 20 at the original location of the
casing section 14 subsequent to the cutting of the casing
section 14

[0043] Centralizers are also arranged on the support
structure 30 in the form of wheels 46 supported by the



9 EP 2 990 591 A1 10

support structure 30. The wheels 46 are rotatable in the
lengthwise direction of the casing section 14 and are bi-
ased to press against the elongated casing portions. This
prevents the elongated casing portions 20 from collaps-
ing on the cutting tool 10 while cutting and also centers
the cutting tool 10 and the diamond saw blades 32 in the
casing section 14 so that it can be cut into elongated
casing portions 20 of equal size and shape.

[0044] Inanembodiment notshown inthe figures, after
the elongated casing portions 20 have been removed
from the original location of the casing section 14 and
the cutting tool 10 has been removed from the borehole,
a curable medium in the form of a cement mixture is in-
troduced at the original location of the casing section 14
with a known technique. After the curable medium has
cured, a plug has been formed at the original location of
the casing section 14. In alternative embodiments, the
borehole 16 may be reamed at the original location of
the casing section 14 and mechanical plug may be used
instead of a curable medium.

ITEM LIST
[0045]

10 cutting tool

12 casing

14 casing section

16 borehole

18 wall

20 elongated casing portions
22 ground

24 pipe segment

26 coupling or connector
27 connector portion

28 pipe section

30 support structure

31 apertures

32 diamond saw blades
34 cuts

36 electro magnet

38 electric wire

40 connector support

42 disc like structures

44 previously cut casing section
46 wheels

Claims

1. A method for removing a casing section from a cas-
ing that lines a subsurface borehole, the casing sec-
tion comprises a wall constituting an elongated hol-
low cylinder, and the method comprises:

separating the casing section from the rest of
the casing,
cutting the complete casing section in a length-
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wise direction of the borehole into at least three
elongated casing portions, and

removing the elongated casing portions from the
original location of the casing section.

2. The method according to claim 1, wherein the step
of removing the elongated casing portions compris-
es: pulling an elongated casing portion of the at least
three elongated casing portions back through the
borehole.

3. The method according to claim 1, wherein the incli-
nation of the borehole at the original location of the
casing section has a vertical component and the step
of removing the elongated casing portions compris-
es: allowing an elongated casing portion of the at
least three elongated casing portions to fall down-
ward into the borehole.

4. The method according to claim 1, wherein the step
of removing the elongated casing portions compris-
es: transporting an elongated casing portion of the
at least three elongated casing portions deeper into
than the original location of the casing section and
subsequently releasing the elongated casing por-
tion.

5. The method according to any of the claims 1-4,
wherein the casing section is connected to the casing
by an annular connector and the step of separating
the casing section comprises: cutting the annular
connector in a lengthwise direction of the borehole
into connector portions corresponding in number to
the at least three elongated casing portions.

6. The method according to any of the claims 1-5,
wherein the casing section is integral with the rest
of the casing at an end casing section and the step
of separating the casing section comprises: cutting
the casing at the end of the casing section for sep-
arating the casing section from the casing at thatend.

7. A method for sealing a subsurface borehole at least
in part lined with a casing, the method comprises:

removing a casing section from the casing that
lines the subsurface borehole according to the
method described in any of the claims 1-6, the
casing section comprises a wall constituting an
elongated hollow cylinder, and

introducing a curable medium at the original lo-
cation of the casing section filling at least a por-
tion of the borehole at the original location of the
casing.

8. A cutting tool for cutting a casing section of a casing
that lines a subsurface borehole into elongated cas-
ing portions, the casing section comprises awall con-
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stituting an elongated hollow cylinder, the cutting tool
comprises:

a support structure for being introduced into and
moved along the casing, and

a cutter arranged on the support structure for
cutting the complete casing section in a length-
wise direction of the borehole into a three or
more elongated casing portions when moving
the cutting tool along the casing section.

The cutting tool according to claim 8, wherein the
cutter is adapted to cut the casing section into the
elongated casing portion in one passage of the cutter
through the casing section.

The cutting tool according to any of the claims 8-9,
wherein the wall of the casing has a circular cross
section and the cutter is adapted for cutting the cas-
ing section into elongated casing portions of equal
shape and/or size.

The cutting tool according to any of the claims 8-10,
wherein the cutter comprises a plurality of circular
cutting or abrasion disc for cutting the casing section
into the elongated casing portions.

The cutting tool according to claim 11, wherein each
circular cutting or abrasion disc is retractable with
respect to the support structure for allowing the cut-
ting tool to be inserted into the casing, and each cir-
cular cutting or abrasion disc is extendable with re-
spect to the support structure for allowing the circular
cutting or abrasion discs to contact and cut the wall
of the casing section.

The cutting tool according to any of the claims 8-12,
wherein the cutting tool further comprises:

a casing portion support for carrying the elon-
gated casing portions with the cutting tool in a
movement of the cutting tool inside the borehole.

The cutting tool according to claim 13, wherein the
casing section is of a ferromagnetic material and the
casing portion support comprises one or more elec-
tromagnets for carrying the elongated casing por-
tions.

The cutting tool according to any of the claims 8-14,
wherein the cutting tool further comprises:

a centralizer for preventing the elongated casing
portions from collapsing inwards subsequent to
a cutting of the casing section into the elongated
casing portions.
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