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(54) Title: METHOD FOR REMOVAL OF CASINGS IN AN UNDERGROUND WELL

(57) Abstract: A method of removing casing (3) from a well (1) is described, the
method including the following steps: (A) setting a first sealing element (11) into

47

Fig. 7

fluid-sealing engagement with the inside of the casing (3); (B) lowering a flow-
through string (9) into the well, a cutting tool (93) and a second, reversibly ex-
pandable sealing element (91) being connected to the string (9); (C) forming per-
forations (31) into the casing (3) by means of said cutting tool (93); (D) expand-
ing the second, expandable sealing element (91) into fluid-sealing engagement
with the inside of the casing (3); (E) passing a pressurized fluid (95) through the
string (9) and into the annulus (5) via the perforations (31), so that the viscous
and/or solid mass (55) is displaced up the annulus (5); (F) cutting the casing (3)
around its entire circumference; and (G) pulling a length (L1) of the casing (3) up
from the well (1).
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METHOD FOR REMOVAL OF CASINGS IN AN UNDERGROUND WELL
The invention relates to a method of removing casing in an underground well.

Often, in an underground well, several casings placed concentrically extend down the
well from the opening of the wellbore to define and protect drilling and production
equipment from the surrounding formations and vice versa. The lengths of the casings
decrease with increasing diameters, so that the casing having the smallest diameter
extends the farthest down the well. The outermost casing is generally cemented into
the formation over the entire length of the pipe, whereas the rest of the casings are
generally only cemented in a lower portion of the length of the casing from a guide
shoe upwards in the annulus. The annuli between the different casings are generally,
at least in an upper portion, filled by old, settled-out drilling mud of large mud weight.

In some cases, it may be desirable to remove a length of the innermost casing. This
may be, for example, in connection with establishing a new well path. The viscous
and/or settled-out drilling mud bring about drag on the casing so large that it will only
be possible to remove shorter lengths, maybe only 5-10 metres, in each lifting opera-
tion, and it will therefore be very time-consuming and expensive to remove larger
lengths of the casing.

An embodiment of the invention may remedy or reduce at least one of the drawbacks
of the prior art or at least provide a useful alternative to the prior art.

An embodiment of the invention relates to a method that enables the removal of long-
er portions of an inner casing in the well by the casing first being perforated, after
which a fluid is forced out at high pressure via the perforations from the inside of the
casing, so that old, viscous and/or settled-out drilling mud in the annulus around the
casing is displaced by the pressurized fluid. The pressurized fluid has a lower specific
weight than said viscous and/or settled-out drilling mud, so that the resistance/drag
on the inner casing from the surrounding fluid is reduced, and a longer portion of the
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casing may thereby be removed in one lifting operation.

By depth in the well is meant, in what follows, the distance from the top of the well at
the opening of the wellbore, so that a larger depth means increasing distance to the
top.

A first aspect of the invention provides a method of removing casing from a well, in
which an annulus between the outside of the casing and the inside of a surrounding
downhole body is filled at least partially by a viscous and/or solid mass, the method
including the following steps:

(A) setting a first sealing element into fluid-tight engagement with the inside of the
casing at a first depth in the well;

(B) lowering a string into the well, a cutting tool and a second, reversibly expandable
sealing element being connected to the string, and the string being arranged to carry
a fluid, wherein the method includes the following steps:

(C) forming perforations into the casing by means of the cutting tool at a second
depth in the well which is smaller than the first depth at which the first sealing ele-
ment is set into fluid-sealing engagement;

(D) expanding the second, expandable sealing element into fluid-sealing engagement
with the inside of the casing at a third depth in the well which is smaller than the sec-
ond depth at which the perforations were formed, so that the perforations will be at a
depth in the well between the first and second sealing elements;

(E) passing a fluid at high pressure through the string into the annulus via the perfo-
rations, so that the viscous and/or solid mass is displaced up the annulus, circulated
out of the well and substantially replaced by the fluid, the fluid having a lower specific
weight than the viscous and/or solid mass;

(F) cutting the casing around its entire circumference at a fourth depth, down to which
the surrounding viscous and/or solid mass has substantially been replaced by the flu-
id; and

(G) pulling a length of the casing up from the well.

Step C may include forming perforations in the casing without harming the integrity of
a surrounding downhole body.

In a preferred embodiment, after step (E), the method may further include retracting
the second, reversibly expandable sealing element into a non-expanded position, so
that the fluid-sealing engagement with the inside of the casing ceases. This may be
appropriate in order to be able to move the string deeper into the well.
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In a further preferred embodiment, the method may include repeating the steps (C) to
(E) in a cycle one or more time(s), at an increasing depth in the well for every repeti-
tion. This could be appropriate if a viscous and/or solid mass is to be displaced along a
larger length of the casing, wherein it may be advantageous to displace and replace
the viscous and/or solid mass in one length portion at a time.

In another preferred embodiment, after step (F), the method may further include ex-
panding the second, reversibly expandable sealing element into engagement with the
inside of the casing at a fifth depth in the well which is smaller than the fourth depth
at which the casing has been cut around its entire circumference. This can have the
advantage of enabling the casing to be pulled out of the well together with the string
by means of a hoisting device of a kind known per se. Alternatively, the casing may be
pulled out of the well in a separate operation independently of the string.

In one embodiment, the method may include cutting the casing around its entire cir-
cumference one or more time(s). This can entail the possibility for the length of cas-
ing, which is to be removed, to be retrieved from the well in two or more operations.
This may be appropriate if a very long and/or heavy length of casing is to be removed
from the well.

The cutting tool may be, for example, an abrasive tool, a chip-forming tool or a perfo-
ration gun of types known per se. The abrasive tool may be a sandblasting tool, for
example.

The reversibly expandable sealing element may be a hydraulic sealing element of a
type known per se.

The fluid which is passed through the string at high pressure may be drilling mud of a
type known per se. The drilling mud may have had an abrasive medium added to it,
for example sand.

The string may be a drill string or a coiled-tubing string of types known per se.

The annulus may be, for example, a so-called B-annulus between the innermost cas-
ing and a surrounding casing.

In what follows, an example of a preferred embodiment is described, by way of exam-

ple only, which is visualized in the accompanying non-limiting drawings, in which:

Figure 1 shows a simplified sketch of a well in a side view;
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Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

Figure 12

Figure 13

Figure 14

shows a sketch of the well in a top view through the line A-A in figure 1;

shows a side view of the well after a fluid-carrying string has been low-
ered into the well;

shows a side view of the well after an inner casing has been perforated;

shows a side view of the well after a reversibly expandable sealing ele-
ment has been expanded into fluid-sealing engagement with the inside
of the casing;

shows a side view of the well while a fluid at high pressure is flowing
through the string;

shows a side view of the well while the fluid is forced into the annulus
via the perforations;

shows a side view of the well after settled-out drilling mud in a portion
of the annulus has been displaced by the fluid;

shows a side view of the well after the reversibly expandable sealing
element has been retracted and the string has been moved deeper into
the well;

shows a side view of the well after the inner casing has been perforated
at a larger depth, the expandable sealing element has been expanded
into engagement with the casing again and new settled-out drilling mud
has been displaced from the annulus;

shows a side view of the well after further perforations have been
formed in the inner casing;

shows a side view of the well after the inner casing has been cut around
its entire circumference;

shows a side view of the well after the reversibly expandable sealing
element has been expanded again into engagement with the inner cas-

ing;

shows a side view of the well after the inner casing has been pulled
partly out of the well; and
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Figure 15 shows a side view of the well after the inner casing has been pulled out
of the well.

In what follows, the reference numeral 1 indicates a well as used in the method of an
embodiment of the present invention. The well 1 is shown in a schematic and simpli-
fied manner, and elements which are not central to embodiments of the invention may
have been left out of the figures. Two casings 3, 7 placed substantially concentrically
extend from the opening of the wellbore and down into the well 1. The inner casing 3
extends further down the well 1 than the outer casing 7. In accordance with an em-
bodiment of the present invention, the outer casing 7 may be an arbitrary downhole
body which, at least in a portion, surrounds the inner casing 3. The outer casing 7 is
set into the formation 4 by a foundation laid by means of cement 47 over the entire
length of the casing 7 from the opening of the wellbore down to a guide shoe 73 at a
lower portion of the outer casing 7. The inner casing 3 is set into the formation 4 by a
foundation laid by means of cement 57 in a portion above a guide shoe 33 at a lower
portion of the inner casing 3. An annulus 5 between the two casings 3, 7 is partially
filled by a viscous and/or solid mass 55 which may be constituted, at least in part, by
settled-out drilling mud. A first sealing element 11 has been set in fluid-tight engage-
ment with the inside of the inner casing 3 at a first depth D1 in the well 1.

Figure 1 shows the well 1 in a side view after the sealing element 11 has been set in
the inner casing 3. The sealing element 11 may be a packer of a kind known per se.

Figure 2 shows a section of the well 1 in a top view through the line A-A as indicated
in figure 1.

Figure 3 shows the well 1 after a fluid-carrying string 9 has been moved some dis-
tance into the well 1 through the inner casing 3. The formation 4 is not shown in the
figures 3-14 for the sake of exposition. The first depth D1, at which the packer 11 is
set in the inner casing 3, is larger than a length L1 of the casing 3 that is desirably to
be removed. To the string 9, a cutting tool 93 and a reversibly expandable sealing
element 91 are connected. The reversibly expandable sealing element 91 is arranged
to be repeatedly expanded into fluid-sealing engagement with the inside of the casing
3 and retracted from the fluid-sealing engagement into a non-expanded position.

Figure 4 shows the well 1 after the cutting tool 93 has been used to form perforations
31 in the inner casing 3 at a second depth D2 in the well 1. The reversibly expandable
sealing element 91 is then expanded into fluid-sealing engagement with the inside of
the inner casing 3 at a third depth D3 in the well so that D1>D2>D3, as shown in fig-
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ure 5. After the reversibly expandable sealing element 91 has been set into fluid-
sealing engagement with the inside of the inner casing 3, a fluid 95 is carried through
the string 9 from a source not shown. The fluid 95, which may be drilling mud of a
known type, for example, is indicated by arrows showing its direction of flow in figure
6. At sufficiently high pressure, the fluid 95 may be forced into the annulus 5 via the
perforations 31 and the viscous and/or solid mass 55 is displaced upwards in the an-
nulus 5 by the fluid 95 and is finally circulated out of the well 1 as shown in figures 7
and 8. The viscous and/or solid mass 55 is thus replaced by the fluid 95 from the sec-
ond depth D2 upwards within the annulus 5. The fluid 95 has a lower specific weight
than the viscous and/or solid mass 55 and will thus give less resistance/drag as a
length of the casing 3 is being removed from the well 1. The fluid 95 is only indicated
in the figures (as arrows) when it is flowing, but is otherwise not shown for the sake of
exposition.

After the operation of displacing the viscous and/or solid mas 55 has been carried out
once, the reversibly expandable sealing element 91 is retracted into its non-expanded
position (not shown) so that the fluid-sealing engagement with the inside of the inner
casing 3 ceases. The string 9, with the cutting tool 93 and the non-expanded reversi-
bly expandable sealing element 91 connected to it, is then moved further down the
well 1 to repeat the operation of displacing viscous and/or solid mass 55 from the an-
nulus 5, as shown in figure 9.

In figure 10, the well 1 is shown after the cutting tool 93 has formed new perforations
31' at a depth D2' in the well, the reversibly expandable sealing element 91 has been
expanded into fluid-sealing engagement with the inside of the casing 3 at a depth D3',
wherein D1>D2'>D3', and after the viscous and/or solid mass 55 has been displaced
from the annulus 5 in the portion between the depths D2 and D2', wherein D2'>D2.

In figure 11, the well 1 is shown after the above-mentioned operation has been re-
peated a third time with perforations 31" at a depth D2", expansion of the reversibly
expandable sealing element at a depth D3", wherein D1>D2">D3", and displacement
of a viscous and/or solid mass 55 in the annulus 5 between the depths D2' and D2",
wherein D2">D2'. The well 1 is shown after the reversibly expandable sealing element
91 has been retracted into its non-expanded position so that its fluid-sealing engage-
ment with the inside of the casing 3 has ceased.

In figure 12, the well 1 is shown after the cutting tool 93 has been used to form a cut
35 around the circumference of the casing 3 at a fourth depth D4 so that a length L1
of the casing 3 is released and may thereby be pulled out of the well 1. The length L1
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is shown in the figures as corresponding to the depth D2" and the fourth depth D4
but, in alternative embodiments, they may be different.

The reversibly expandable sealing element 91 is then expanded into new engagement
with the inside of the casing 3 at a fifth depth D5 in the well 1, as shown in figure 13,
the fifth depth D5 being shallower than the fourth depth D4 at which the inner casing

3 has been cut around its circumference, so that D4>D5. In the figures, D5 = D3" but
in alternative embodiments, they may be different. In an alternative embodiment, the
reversibly expandable sealing element 91 may remain expanded at the depth D3" af-

ter the viscous and/or solid mass 55 has been circulated out of the annulus 5 between
D2' and D2", so that cutting of the inner casing 3 around its circumference by means

of the cutting tool 93 is performed while the reversibly expandable sealing element 91
is expanded.

Figure 14 shows the well 1 while the length L1 of the inner casing 3 is in the process
of being pulled out of the well 1 together with the string 9 by means of a hoisting de-
vice, not shown, of a kind known per se. The engagement between the reversibly
expandable sealing element 91 in its expanded position and the inside of the inner
casing 3 is strong enough for the length L1 of the inner casing 3 to follow the string 9
out of the well 1. Alternatively, the inner casing 3 could be cut around its circumfer-
ence at two places or more, so that smaller lengths of the casing 3 could be hoisted
out of the well 1 together with the string 9. The latter cutting of the casing 3 in two or
more places would then require more trips into the well 1 for the entire length L1 of
the inner casing 3 to be retrieved.

Figure 15 shows the well 1 after the length L1 of the inner casing 3 has been re-
trieved and the well 1 has been prepared for forming a new well path, for example.

It is to be understood that, if any prior art publication is referred to herein, such refer-
ence does not constitute an admission that the publication forms a part of the com-
mon general knowledge in the art, in Australia or any other country.

In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implica-
tion, the word “comprise” or variations such as “comprises” or “comprising” is used in
an inclusive sense, i.e. to specify the presence of the stated features but not to pre-
clude the presence or addition of further features in various embodiments of the in-

vention.
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Claims

A method of removing casing from a well, in which an annulus between an
outside of the casing and an inside of a surrounding downhole body is at
least partially filled by a viscous and/or solid mass, the method including the
following steps:

(A) setting a first sealing element into fluid-sealing engagement with an in-
side of the casing at a first depth in the well;

(B) lowering a string into the well, a cutting tool and a second, reversibly
expandable sealing element being connected to the string, and the string be-
ing arranged to carry a fluid, wherein the method includes the following
steps:

(C) forming perforations into the casing by means of said cutting tool at a
second depth in the well which is smaller than the first depth at which the
first sealing element is set into fluid-sealing engagement;

(D) expanding the second, expandable sealing element into fluid-sealing en-
gagement with the inside of the casing at a third depth in the well which is
smaller than the second depth at which the perforations were formed, so
that the perforations will be at a depth in the well between the first and sec-
ond sealing elements;

(E) passing a fluid at high pressure through the string and into the annulus
via the perforations so that the viscous and/or solid mass is displaced up the
annulus, circulated out of the well and substantially replaced by the fluid,
the fluid having a lower specific weight than the viscous and/or solid mass;
(F) cutting the casing around its entire circumference at a fourth depth,
down to which the surrounding viscous and/or solid mass has substantially
been replaced by the fluid; and

(G) pulling a length of the casing up from the well.

The method in accordance with claim 1, wherein, after step (E), the method
further includes retracting the second, reversibly expandable sealing ele-
ment into a non-expanded position, so that the fluid-sealing engagement
with the inside of the casing ceases.

The method in accordance with claim 2, wherein the method further includes
repeating the steps (C) to (E) in a cycle one or more time(s), at an increas-
ing depth in the well for every repetition.
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The method in accordance with any one of the preceding claims, wherein,
after step (F), the method further includes expanding the second, reversibly
expandable sealing element into engagement with the inside of the casing at
a fifth depth in the well which is smaller than the fourth depth at which the
casing has been cut around its entire circumference, so that the inner casing
may be pulled out of the well together with the string.

The method in accordance with any one of the preceding claims, wherein the
method includes cutting the casing around its entire circumference one or
more time(s) so that the length of the casing to be removed may be re-
trieved from the well in two or more operations.

The method in accordance with any one of the preceding claims, wherein the
cutting tool is an abrasive tool.

The method in accordance with claim 6, wherein the abrasive tool is a sand-
blasting tool.

The method in accordance with any one of the preceding claims, wherein the
second, reversibly expandable sealing element is a hydraulic sealing ele-
ment.

The method in accordance with any one of the preceding claims, wherein the
pressurized fluid is drilling mud.

The method in accordance with any one of the preceding claims, wherein the
string is a drill string.

The method in accordance with any one of the preceding claims, wherein the
string is a coiled-tubing string.

The method in accordance with any one of the preceding claims, wherein the
annulus is a so-called B-annulus between the innermost casing and a sur-
rounding casing.
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