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(57) Abstract: A method for establishment of an annulus barrier (51, 51') in
a subterranean well (1) is described, wherein the method is characterized in
that it comprises the following steps: (A) providing a plug (25, 25" in the
well (1) and along a longitudinal section (LI, LI') thereof, wherein the plug
(25, 25", at least in a portion of the the longitudinal section (LI, LI'), covers
substantially the entire cross-section (TI) of the well (1) in such a manner
that the plug covers both the inside and the outside of a casing (21); (B) re-
moving a central through portion of the plug (25, 25') internally in the casing
(21) in such a manner that a through central opening is formed in the plug
(25, 25", and in such a manner that at least a cross-sectional section (T3) of
the plug (25, 25") remains on the outside of the casing (21); (C) disposing
and anchoring a connection pipe (27, 27') in the well (1), and internally in
the casing (21), in such a manner that the connection pipe (27, 27') extends
at least along a length (L2, L2') of the remaining cross-sectional section (T3);
and (D) sealing, in a fluid-tight manner, an annulus (26, 26") between the
casing (21) and the connection pipe (27, 27").
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A METHOD FOR ESTABLISHMENT OF AN ANNULUS BARRIER IN A SUBTERRANEAN
WELL

The invention concerns a method for establishment of an annulus barrier in a subter-
ranean well. More specifically, the invention concerns establishment or re- establish-
ment of a permanent barrier plug in an annulus around a casing in a subterranean
well. A plug is set across the entire cross-section of the well, after which a central por-
tion of the plug is drilled out to reopen the well path whilst a cross-sectional portion of

the plug remains around the casing and forms a barrier in the annulus.

In context of construction and completion of a subterranean well, stringent safety re-
quirements are imposed on the responsible party. It is important to protect personnel,
the surrounding environment and also drilling- and production equipment from the
formations being intervened. High pressure- and temperature differences may chal-
lenge the work carried out in the well. Well barriers are loops having one or more co-
operating well barrier elements which prevent fluids from flowing in an undesirable
manner from the formation, either into another formation or up to surface. In accord-
ance with NORSOK standard D-010 («Well integrity in drilling and well operations»),
one barrier loop is required in a well exposed to dangers of uncontrolled cross flows
between the formation zones in the well, whereas two barrier loops are required in a
well exposed to dangers of uncontrolled blowouts from the well and into the environ-
ment. Intact barrier loops are prerequisites for allowing the work to be carried out in
accordance with the standard, and at no or minimum risk of undesireable events tak-
ing place. Various forms of plugs, oftentimes made of cement, may be important well
barrier elements both in primary and secondary barrier loops. In accordance with the
standard, at least 100 meters of cement or another suitable plugging material is re-
quired, among other things, to be present from the casing shoe, which is located at a
lower portion of a casing, and upwards within the annulus around the casing. It is
known for the integrity of the annulus plug to become damaged due to weak for-
mations, or due to impurities in the annulus preventing good circulation and adhesion

of the plugging material, and also due to poor quality of the very plugging material,
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among other things, whereby the plugging material does not satisfy the sealing re-
quirement after some time. Typically, substantial pressure increases in the various
annuli in the well will be indications of a “poor cement job”. Both old and new wells
may have to be drilled out again to evade the problems of poor or difficult barrier

plugs, which will incur substantial additional costs to an operator.

The object of the invention is to remedy or reduce at least one of the disadvantages of

the prior art, or at least to provide a useful alternative to the prior art.

The object is achieved by virtue of features disclosed in the following description and

in the subsequent claims.

More specifically, the invention concerns a method for establishment of an annulus
barrier in a subterranean well, wherein the well, at least in a portion where the annu-
lus barrier is to be established, is provided with a casing, and wherein the method is
characterized in that it comprises the following steps:

(A) providing a plug in the well and along a longitudinal section thereof, wherein
the plug, at least in a portion of the longitudinal section, covers substantially the en-
tire cross-section of the well in such a manner that the plug covers both the inside and
the outside of the casing;

(B) removing a central through portion of the plug internally in the casing in such a
manner that a through central opening is formed in the plug, and in such a manner
that at least a cross-sectional section of the plug remains on the outside of the casing;
(O) disposing and anchoring a connection pipe in the well, and internally in the cas-
ing, in such a manner that the connection pipe extends at least along a length of the
remaining cross-sectional section; and

(D) sealing, in a fluid-tight manner, an annulus between the casing and the con-

nection pipe.

For example, the plug may be established by means of a method and devices as dis-
closed in Norwegian patent application 20111641 bearing the title "Method for com-
bined cleaning and plugging in a well, a washing tool for directional washing, and use
of the washing tool”, and in Norwegian patent application 20110450 bearing the title
“Apparatus for positive drive of liquid, permanent plugging material through a perfo-
rated casing in oil or gas wells”, both of which have been filed by the present appli-

cant.

For example, the casing may be perforated by means of a perforation tool in a manner

described in the above-mentioned patent publication NO 20111641, or the casing may
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be severed, cut or drilled by means of prior art known per se to render plugging of the

well possible across substantially the entire cross-section of the well.

In a first embodiment, the method, before step (A), may further comprise a step of
sealing, in a fluid-tight manner, the longitudinal section where the plug is to be set
from a fluid-producing part of the well. This will be appropriate if an annulus barrier is
to be re- established in an already-producing oil well, and this may be carried out e.g.
in context of setting a sealing element in fluid-sealing engagement with a casing, a
liner, or similar, above the producing formation, and in such a manner that the longi-
tudinal section of the well where the annulus barrier is to be established is not ex-
posed to flowing fluids during the establishment process. The sealing element may be

of a type known per se.

In a second embodiment, the method, before step (A), may further comprise a step of
removing one or more pipe bodies in the well from the longitudinal section where the
plug is to be set. Such pipe bodies may be e.g. production tubings of various types.
This will be appropriate in order to establish a plug in an an already-producing well
given that uneccessary pipe bodies, which potentially may damage or weaken the

plug, are removed from the area where the plug is to be established.

In a third embodiment, the method may further comprise a step of disposing and an-
choring a plug base in the well below the longitudinal section where the plug is to be
set. This may prove appropriate in an already-established well path requiring a base
for determining the placement of the plug in the well. For example, the plug base may
be a sealing element of a type known per se. It may be of advantage for the plug base

to be of a drillable material.

In an embodiment of the method, step (D) may include filling the annulus between the
connection pipe and the casing with a fluidized plugging material. This may contribute
to re-establish the integrity of the casing as a barrier element given that the casing
may be damaged on purpose or not, for example during perforation, in context of
forming a plug and annulus barrier. For example, the fluidized plugging material may
be cement slurry or a particulate mass, usually of the same type which is used to form

the annulus barrier.

In a further embodiment of the method, step (D) may include setting at least one of
an upper and a lower connection seal (tie-back packer) in fluid-sealing engagement

between the casing and the connection pipe. This may be carried out instead of, or in
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addition to, filling the annulus with a fluidized plugging material. The connection seals

may be sealing elements of types known per se.

In one embodiment, the method, before step (A), may comprise a step of conducting
a pre-perforated casing down into the well. This may prove appropriate in an embodi-
ment where an annulus barrier is to be established in a well being constructed. The
casing may then be perforated at surface before being lowered down into the well. For
example, the perforation may be carried out by means of a severing, cutting or drilling

tool, or by means of a perforation tool.

In one embodiment, the method, after step (B), may further comprise a step of drill-
ing out a well path in an extension of a lower portion of the casing. This may be ap-
propriate if an annulus barrier is to be established in a well being drilled out. The drill-
ing out of new formation may take place before step (C). The connection pipe, which
is disposed and anchored in the casing in step (C) of the method, may thus extend

down into the new formation being drilled out.

In one embodiment, step (A) may include the following sub-steps:

(A1) conducting a perforation tool down into the casing and to the longitudinal sec-
tion where the plug is to be set;

(A2) forming holes in the casing along the longitudinal section by means of the per-
foration tool;

(A3) by means of a washing tool, which is attached to a flow-through string and is
conducted down to the longitudinal section, pumping a washing fluid down through the
string and out into the casing via the washing tool;

(A4) by means of a directional means connected to the washing tool, conducting the
washing fluid out into (e.g. radially out into) an annulus between the outside of the
casing and a surrounding formation; and

(A5) pumping a fluidized plugging material down through the string and out into the

casing, thus also into the annulus via said holes in the casing.

It may be of advantage to use a displacement body in the form of a pressing appa-
ratus, as described in said Norwegian patent application 20110450, to further displace
and distribute the fluidized plugging material in the casing and further out into the

annulus.
The washing tool may be releasably connected to the string.

In one embodiment, the steps of perforating and washing may be carried out in sepa-

rate trips down into the well.
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In another embodiment, the steps of perforating and washing may be carried out in
one and the same trip down into the well. This, for example, may be carried out in the
manner described in the above-mentioned Norwegian patent publication 20111641,
and by virtue of the perforation tool and the washing tool being connected to the same

string. The perforation tool may also be releasably connected to the washing tool.

In one embodiment, the method may further comprise a step of leaving the perfora-
tion tool in the well. This may prove particularly appropriate if the perforation tool is

drillable and/or may be left in a suitable place in the well.

In another embodiment, the method may comprise a step of leaving the washing tool
in the well. This may prove particularly appropriate if the washing tool is drillable

and/or may be left in a suitable place in the well.

In yet another embodiment, the method may further comprise a step of completing

the well with production equipment.

Hereinafter, examples of embodiments are described and are depicted in the accom-

panying drawings, where:

Figures 1 to 11 show, as viewed from the side, simplified and schematic sections of a
well at different stages, and in accordance with a first embodiment of

the method of the present invention; and

Figures 12 to 16 show, as viewed from the side, simplified and schematic sections of a
well at different stages, and in accordance with a second embodiment of

the method of the present invention.

In the following, reference numeral 1 denotes a subterranean well as used in context
of the method of the present invention. The well 1 is depicted in a simplified and
schematic manner, and elements not being central to the invention may be left out
from the Figures. A casing 21 extends down into the well 1 and forms an outer, radial
demarcation between a well path 2 and a surrounding formation 7. The object of the
method of the present invention is to establish a barrier 51 in an annulus 5 between
the casing 21 and the surrounding formation 7, and within a longitudinal section L1.
This may concern re-establishment of an annulus barrier 51 in an already-constructed
well 1, as shown in Figures 1 to 11, or establishment of an annulus barrier 51" in a

well 1 being constructed, as as shown in Figures 12 to 16.
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In Figure 1, an already-constructed well 1 is shown. A pipe body 22 in the form of a
production tubing 22 extends down into the well 1, and internally in the casing 21,
and enters into fluid-sealing engagement with a perforated production liner 211, which
extends down into a producing part of the formation (the reservoir) 7. For reasons of
safety, a valve device 221 of a type known per se has been set internally in the pipe
body 22.

Figure 2 shows the well after having set a sealing element 29 in fluid-sealing engage-
ment with the inside of the production liner 211, whereby fluids (not shown) from the
reservoir are prevented from flowing up into the well 1 when the operation of estab-
lishing the annulus barrier 51 is ongoing. Figure 3 shows the well after having re-
moved the production tubing 22 and the valve device 221 from the well 1, whereby

the well path 2 has been prepared for establishment of a plug 25.

A perforation tool 33 is then conducted down into the well 1 on a string 3, and inter-
nally in the casing 21, and is placed along the longitudinal section L1 where the plug is
to be established, as shown in Figure 4. A plug base 23 has been set in the well 1 and
in engagement with the inside of the casing 21 below the longitudinal section L1 for
the purpose of determining the placement of the plug 25 in the well 1. The perforation
tool 33 is then used to form holes 213 in the casing 21 along the longitudinal section

L1, as shown in Figure 5 with the perforation tool 33 withdrawn from the well 1.

A combined washing and plugging tool 35 is then conducted down into the well 1 and
within the casing 21, as shown in Figure 6. Perforating and washing and plugging may
be carried out in the same trip or in separate trips down into the well 1. A washing
fluid (not shown) is conducted through the string 3, out into the casing 21, and further
out into the annulus 5 via the holes 213. It may be of advantage for the washing fluid
to be directed radially out into the annulus 7 by means of a directional means 351, as
described in Norwegian patent application 20111641. A washing fluid at high velocity
will be able to remove various particles, deposits and remnants from previous down-
hole operations, whereby the plugging material, which is to be conducted into the an-
nulus 5 at a later stage, may flow freely and be adhered in a better way. Then a fluid-
ized plugging material is pumped through the string 3 and out into the casing 21 at
the upper side of the plug base 23 in the well path 2, and further out into the annulus
5 via the holes 213 in the casing 21, whereby a plug 25 is formed along the longitudi-
nal section L1, as shown in Figure 7. The plug 25 extends, at least in a portion within
the longitudinal section L1, across the entire cross-section T1 of the well 1. It may be

of advantage to use an apparatus of the type described in Norwegian patent applica-
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tion 20110450 to further displace and distribute the fluidized plugging material in the
casing 21 and out into the annulus 5. The latter apparatus is not shown in the Figures

associated with the present document.

In Figure 8, the well 1 is shown after having drilled away a central through portion of
the plug 25 and the plug base 23 by means of a drilling tool 31. A cross-sectional sec-
tion T3 of the plug 25, the section of which has a longitudinal section L2 outside the
casing 21, remains within the longitudinal section L1. The remaining cross-sectional
section T3 of the plug 25 outside the casing forms a barrier 51 in the annulus 5 be-

tween the casing 21 and the formation 7, and along a longitudinal section L2 thereof.

The holes 213 in the casing 21 imply that the integrity of the casing 21 no longer is
ensured. For this reason, a connection pipe 27 is disposed and anchored within the
casing 21, at least along the longitudinal section L2 where the casing 21 is perforated,
as shown in Figure 9. An upper connection seal 271 has been set in fluid-sealing en-
gagement between the casing 21 and an upper portion of the connection pipe 27, and
an annulus 26 between the connection pipe 27 and the casing 21 is filled by a fluidized
plugging material for formation of an annulus seal 261 in a manner known per se. In
the embodiment shown, the annulus 26 between the connection pipe 27 and the cas-
ing 21 is sealed further by virtue of displacing the connection pipe 27 downward to
sealing engagement with the production liner 211, as shown in Figure 10. Alternative-
ly, a lower connection seal (not shown) could also be set in fluid-sealing engagement

between the casing 21 and a lower portion of the connection pipe 27.

Figure 11 shows the well 1 after having set a new pipe body 22’, in the form of a pro-
duction tubing, in fluid-sealing engagement with the connection pipe 27, and the seal-
ing element 29 has been removed from the production liner 211, whereby the well 1

once again is prepared for production.

Figure 12 shows an incompletely constructed well 1 where a barrier 51" is to be estab-
lished in the annulus 5 between the casing 21 and the formation 7. A plug 25’ is set
along a longitudinal section L1’ thereof, and an annulus barrier 51’ is provided along a
longitudinal section L2’ by means of steps corresponding to those shown in Figures 4-
8. A formation 7’ at the bottom of the well path 2 is used as a plug base 23’, as shown
in Figure 13. The plug 25’ is drilled out, as shown in Figure 14, and a new well path 2’
is drilled out during the same operation. A connection pipe 27’ is set in the well, as
shown in Figure 15. The connection pipe 27’ extends internally in the casing 21, and
from a portion above the longitudinal section L1” and down into the new well path 2".

An annulus 26" between the casing 21 and the connection pipe 27’ is filled by a fluid-
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ized plugging material for formation of an annulus seal 261’ in a manner known per
se. The annulus seal 261’ may also extend further downward in the annulus 26’

formed between the connection pipe 27’ and the formation 7/, as shown in Figure 16.
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Claims

A method for establishment of an annulus barrier (51, 51°) in a subterranean
well (1), wherein the well (1), at least in a portion where the annulus barrier
(51, 51") is to be established, is provided with a casing (21), c harac -
terized i n thatthe method comprises the following steps:

(A) providing a plug (25, 25") in the well (1) and along a longitudinal section
(L1, L1") thereof, wherein the plug (25, 25’), at least in a portion of the longitu-
dinal section (L1, L1"), covers substantially the entire cross-section (T1) of the
well (1) in such a manner that the plug covers both the inside and the outside of
the casing (21);

(B) removing a central through portion of the plug (25, 25%) internally in the
casing (21) in such a manner that a through central opening is formed in the
plug (25, 257, and in such a manner that at least a cross-sectional section (T3)
of the plug (25, 25") remains on the outside of the casing (21);

(O) disposing and anchoring a connection pipe (27, 27') in the well (1), and
internally in the casing (21), in such a manner that the connection pipe (27, 27")
extends at least along a length (L2, L2") of the remaining cross-sectional section
(T3); and

(D) sealing, in a fluid-tight manner, an annulus (26, 26") between the casing
(21) and the connection pipe (27, 27').

The method according to claim 1, wherein the method, before step (A), further

comprises a step of sealing, in a fluid-tight manner, the longitudinal section (L1,
L1") where the plug (25, 25’) is to be set from a fluid-producing part of the well

(1).

The method according to claim 1 or 2, wherein the method, before step (A), fur-
ther comprises a step of removing one or more pipe bodies (22, 22") in the well

from the longitudinal section (L1, L1") where the plug (25, 25°) is to be set.

The method according to claim 1, 2 or 3, wherein the method further comprises
a step of disposing and anchoring a plug base (23) in the well below the longitu-

dinal section (L1, L1) where the plug is to be set.

The method according to any one of claims 1-4, wherein step (D) includes filling
the annulus (26, 26") between the connection pipe (27, 27’) and the casing (21)

with a fluidized plugging material.
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10.

11.

12.

13.

The method according to any one of claims 1-5, wherein step (D) includes set-
ting at least one of an upper and a lower connection seal (271) in fluid-sealing

engagement between the casing (21) and the connection pipe (27, 27').

The method according to claim 1, wherein the method, before step (A), compris-

es a step of conducting a pre-perforated casing (21) down into the well (1).

The method according to claim 1, wherein the method, after step (B), further
comprises a step of drilling out a well path (2) in an extension of a lower portion
of the casing (21).

The method according to any one of claims 1-8, wherein step (A) includes the
following sub-steps:

(A1) conducting a perforation tool (33) down into the casing (21) and to the
longitudinal section (L1, L1") where the plug (25, 25") is to be set;

(A2) forming holes (213) in the casing (21) along the longitudinal section (L1,
L1") by means of the perforation tool (33);

(A3) by means of a washing tool (35), which is attached to a flow-through
string (3) and is conducted down to the longitudinal section (L1, L1"), pumping a
washing fluid down through the string (3) and out into the casing (21) via the
washing tool (35);

(A4) by means of a directional means connected to the washing tool (35),
conducting the washing fluid out into an annulus (5) between the outside of the
casing (21) and a surrounding formation (7); and

(A5) pumping a fluidized plugging material down through the string (3) and
out into the casing (21), thus also into the annulus (5) via the holes (213) in the

casing (21).

The method according to claim 9, wherein a displacement body is used to further
displace and distribute the fluidized plugging material in the casing (21) and fur-
ther out into the annulus (5) via the holes (213).

The method according to claim 9, wherein the steps of perforating (A2) and

washing (A3, A4) are carried out in separate trips down into the well (1).

The method according to claim 9, wherein the steps of perforating (A2) and

washing (A3, A4) are carried out in one and the same trip down into the well (1).

The method according to claim 9, wherein the method further comprises a step

of leaving the perforation tool (33) in the well (1).
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14. The method according to claim 9, wherein the method further comprises a step
of leaving the washing tool (35) in the well (1).

15. The method according to any one of claims 1-14, wherein the method further

comprises a step of completing the well with production equipment (227).
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