(19 DANMARK (10 DK/EP 3779119 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.CI.: E 21 B 29/02 (2006.01) E 21 B 36/00 (2006.01)
(45) Oversaettelsen bekendtgjort den: 2023-10-23

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2023-07-19

(86) Europaeisk ansggning nr.: 20187346.0

(86) Europaeisk indleveringsdag: 2015-04-02

(87) Den europeaeiske ansggnings publiceringsdag: 2021-02-17
(30) Prioritet: 2014-04-04 GB 201406071

(62) Stamansggningsnr: 18210046.1

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: BiSN Tec Ltd, 713 Cavendish Avenue, Birchwood, Warrington, Cheshire WA3 6DE, Storbritannien

(72) Opfinder: CARRAGHER, Paul, ¢/o 713 Cavendish Avenue, Birchwood, Warrington, Cheshire WA3 6DE,
Storbritannien

(74) Fuldmaegtig i Danmark: CHAS. HUDE A/S, Langebrogade 3B, 1411 Kebenhavn K, Danmark
(54) Benaevnelse: BORTSKAFFELSE AF BRONDFORING/BRONDRQR

(56) Fremdragne publikationer:
EP-A1- 0 866 910
CA-A1-2 864 808
US-A1-2002 170 713



DK/EP 3779119 T3



DK/EP 3779119 T3

DESCRIPTION

Field of the Invention

[0001] The present invention relates in general to P&A (plugging and abandonment) and work-
over operations for underground conduits such as oil/gas wells, and in particular to the removal
or disposal of oil well elements such as well casing/tubing.

Background of the Invention

[0002] Once an oil/gas well has come to the end of its useful life, the well needs to be safely
decommissioned. An important aspect of decommissioning is the plugging and abandonment
(P&A) of the well. The plugging of an abandoned well is necessary to seal it off and prevent the
escape of hydrocarbons and gases from within the well.

[0003] Various methods are known in the art for providing both permanent and removable
plugs within abandoned wells. In some situations a plug may be deployed within a well casing
that is itself deployed within a bore hole within the ground.

[0004] In other situations it is desirable to deploy a plug which extends across the whole cross-
section of a bore hole. In these situations it is first necessary to remove the well casing from
the region of the bore hole where the plug is to be deployed.

[0005] It is known in the art to remove a well casing from within a well bore hole by mechanical
means, such as milling or drilling. Such mechanical approaches can be time consuming and,
as a result, expensive. They also produce debris in the form of swarf as the casing is broken
down, which can interfere with both the milling /drilling itself and any subsequent plugging
operation.

[0006] In addition, any swarf produced is classed as contaminated material that needs to be
disposed of in accordance with strict regulations. This disposal can be very expensive in wells
that are located away from the mainland out at sea.

[0007] Other suggested approaches involve the use of heat generating mixtures, such as
thermite, to melt not only the well casing but also the surrounding materials of the well (e.g.
concrete, formation sand). The aim of melting the well casing (and surrounding materials) is to
make use of the materials within the well to actually form a plug rather than removing or
disposing of the casing.

[0008] However, due to the mixture of materials that are melted to form the plug, the
effectiveness (e.g. gas tight sealing and resistance to chemical erosion) of these plugs is more
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difficult to predict than plugs formed from more homogenous compositions (i.e. eutectic alloys
or cement).

[0009] On other occasions, rather than carrying out plugging and abandonment (P&A)
operations on a well, the aim is to carry out work-over operations so as to repair an
underground conduit that has become damaged or blocked for whatever reason. The above
mentioned mechanical and heat based approaches are also employed during such operations
to clear obstacles from within the well to facilitate subsequent repair work to be carried out.

[0010] EP0O866910 A1, US 2002/170713 A1 and CA 2864808 A1 refer to methods for clearing
well casing or tubing from a target region of an oil/gas well borehole.

Summary of the Invention

[0011] The present invention provides a method for use in the removal of well casing and
tubing from underground conduits, such as oil/gas wells, to facilitate the subsequent
deployment of abandonment plugs within said conduit.

[0012] The term 'removal’ is used in its broadest sense throughout, in so far as it is the object
of the various aspects of the method of the present invention to clear well casing/tubing from a
targeted region of well bore hole so as to either expose the surrounding rock formation within
which the borehole of the oil/gas well is formed or remove tubing (e.g. production tubing) from
within a well casing to clear a path for the deployment of repair tools.

[0013] In the case of clearing casing/tubing to expose the surrounding rock formation the
clearance formed facilitates the plugging of the entire cross-section of the well bore hole, which
allows the formation of a better seal.

[0014] In the case of clearing tubing (e.g. such as production tubing) from within a well casing
the clearance formed facilitates subsequent repair work to be carried out by removing
obstacles to the deployment of the repair tools.

[0015] Whether the objective is to form a seal that extends across the entire cross-section of a
well bore (i.e. from rock formation to rock formation) or to remove existing tubing from within a
well casing to clear a path for the deployment of repair tools, it is envisioned that the methods
described hereinafter provide effective solutions.

[0016] It is considered important that the various aspects of the method work on the physical
properties of the well casing/tubing in such a way that the build-up of debris (e.g. swarf) in the
target region. In this way the method of the invention acts to provide a clear work space for the
subsequent formation of an effective well abandonment plug, be such a eutectic alloy plug, an
ordinary cement plug, or any other known plugging technology.
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[0017] For information purposes only, a first method of clearing well casing or tubing from a
target region of an oil/gas well borehole that is not considered part of the present invention, is
described. Said method comprising: delivering a chemical agent down the oil/gas well to the
target region that is to be cleared; and initiating a chemical reaction between the chemical
agent and the well casing or tubing, wherein the chemical reaction consumes one or more
chemical components of the material from which the well casing or tubing is made.

[0018] By subjecting the material of the well casing/tubing to a chemical reaction that actually
consumes the well casing/tubing, rather than simply changing its physical state from a solid to
a liquid, it is possible to reduce the amount of debris that accumulates in the well during the
well casing/tubing removal process.

[0019] Preferably the method may clear the well casing/tubing to expose the rock formation
within which the well borehole is formed so that the rock formation can be accessed from within
the well casing/tubing.

[0020] Further preferably the entire circumference of the well casing in the target region is
cleared to expose the surrounding rock formation.

[0021] In this way a plug can be formed that extends from across the entire cross-section of
the well bore (i.e. from rock formation to rock formation).

[0022] Preferably the chemical reaction may involve oxidation of said one or more chemical
components of the well casing/tubing, (e.g. the iron present in steel).

[0023] Preferably, before the chemical agent is delivered down the well, the well casing/tubing
may be provided with a plurality of perforations between the inner and outer walls of the well
casing/tubing. It will be appreciated that perforating the well casing/tubing will also weaken the
structural integrity of the well casing/tubing, which is beneficial to the object of the present
inventions. Advantageously the perforations will be distributed around the entire circumference
of the well casing/tubing.

[0024] Further preferably an area adjacent to the outer surface of the well casing/tubing may
be cleaned out by using pressure washing techniques within the well casing/tubing in the
region of the plurality of perforations. In this way it is possible to create space for the heating
mixture to accumulate adjacent to the outer surface of the well casing/tubing.

[0025] Preferably the delivery of the chemical agent may further include squeezing the agent
into the plurality of perforations in the well casing/tubing so that the agent is provided on both
sides of the well casing/tubing as well as within the wall of the well casing/tubing itself.

[0026] Preferably the chemical agent may be provided as a gel, a paste, a pseudo liquid or a
solid. The gel, paste and pseudo liquid forms being particularly suitable for squeezing in to the
perforations formed in the well casing/tubing.
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[0027] Alternatively the chemical agent may comprise a block of thermite or thermate, wherein
at least a portion of the surface of the block is coated with an oxidising chemical.

[0028] The present invention provides a method of clearing well casing or tubing from a target
region of an oil/gas well borehole in accordance with claim 1. Said method comprising:
subjecting the target region to a rapid temperature change so as to alter the physical
properties of the well casing/tubing in the target region and thereby embrittle, soften or
otherwise weaken the well casing/tubing without melting it; and applying one or more physical
or environmental stresses to the target region to shatter or otherwise clear the weakened well
casing/tubing.

[0029] By rapidly changing the temperature of the well casing/tubing it is possible alter the
physical properties of the metals from which the well casing/tubing is formed making the well
casing/tubing in the target region more brittle and thus easy to shatter upon the application of
stress to the weakened (i.e. embrittled) region of well casing/tubing.

[0030] It is appreciated in cases where the well casing/tubing is formed from metal alloys that
have low carbon content the well casing/tubing is more inclined to soften rather than embrittle
when subjected to the rapid temperature changes.

[0031] By softening the well casing/tubing in this way it makes them easier and quicker to
mill/drill out using standard mechanical means. The softening also leads to the production of
much smaller bits of swarf during the milling/drilling process. The build-up of swarf during the
milling/drilling process can be problematic and thus any reduction in the size of swarf being
produced is considered desirable.

[0032] Preferably the method may involve clearing the well casing/tubing to expose the rock
formation within which the well borehole is formed so that the rock formation can be accessed
from within the well casing/tubing.

[0033] Preferably the temperature may be rapidly cooled before said physical or environmental
stress is applied. This approach is particularly applicable when the ambient temperature of the
down hole environment is already high enough to ensure a steep temperature gradient when
the rapid cooling is applied.

[0034] Advantageously, the temperature in the target region may first be increased and then
rapidly cooled. This ensures the creation of a steep gradient to the temperature change, which
improves the embrittlement levels achieved. The temperature in the target region is not
increased to a level that is sufficient to melt the well casing/tubing.

[0035] The temperature changes in the target region of the well casing/tubing are facilitated by
delivering chemical heating and/or cooling means to the target region.
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[0036] Preferably the source of the one or more physical or environmental stresses may be
selected from the group containing: an incendiary device; a sonic device; and a mechanical
device, such as milling/driling means. It is envisaged that the identified devices may be used
on their own or in combination, as appropriate.

[0037] The level of stress that is required to break the well casing/tubing is greatly reduced by
the preceding embrittlement of the well casing/tubing caused by the chemical heating and
sudden quenching. As a result more compact and easily delivered devices can be used to
shatter the well casing/tubing.

[0038] In the method of the present invention, before the chemical heating and/or cooling
means are delivered down the well, the well casing/tubing is provided with a plurality of
perforations between the inner and outer walls of the well casing/tubing. Advantageously the
perforations will be distributed around the entire circumference of the well casing/tubing.

[0039] Further preferably an area adjacent to the outer surface of the well casing/tubing may
be cleaned out by using pressure washing techniques within the well casing/tubing in the
region of the plurality of perforations. In this way it is possible to create space for the
heating/cooling means to accumulate adjacent to the outer surface of the well casing/tubing.

[0040] Preferably the delivery of the chemical heating and/or cooling means may further
include squeezing the means into the plurality of perforations in the well casing/tubing so that
the means is provided on both sides of the well casing/tubing as well as within the wall of the
well casing/tubing itself.

[0041] Preferably the method may further comprise providing an insulating material in the
cleaned out area adjacent the outer surface of the casing to maximise the impact of the
temperature changes produced in the well casing/tubing.

[0042] Additionally or alternatively the method may further comprise providing a material in the
cleaned out area adjacent the outer surface of the well casing/tubing to draw the heat
generated within the well casing/tubing through the walls of the well casing/tubing. One group
of suitable heat drawing materials are commercially available from Dow Corning Corporation

under the trademark DOWTHERM ™.

[0043] Preferably the chemical heating means may comprise thermite or thermate. The
thermite or thermate may be deployed as part of a mixture of other elements, such as oxidising
chemicals.

[0044] Preferably the chemical heating means may be provided as a gel, paste, a pseudo
liquid or a solid. The gel, paste and pseudo liquid forms being particularly suitable for

squeezing in to the perforations formed in the well casing/tubing.

[0045] Advantageously the chemical heating means may be provided as at least one solid



DK/EP 3779119 T3

block. Further preferable the solid block may have a central hole or conduit to allow access or
egress through the solid block when such is within the well casing or tubing.

[0046] In this way gases generated within the target region can escape. The conduit also
provides a way of delivering chemical cooling means to the target region rapidly.

[0047] For information purposes only, a second method of clearing well casing or tubing from a
target region of an oil/gas well borehole that does not form part of the present invention, is
described. Said method comprising: producing a plurality of perforations in the target region of
the well casing/tubing that is to be cleared; delivering a chemical heating mixture to region of
the perforated well casing/tubing; and initiating the chemical heating mixture and melting the
well casing/tubing in the region to be cleared.

[0048] By perforating the well casing before delivering the chemical heating mixture it is
possible to deliver the mixture to both sides of the well casing/tubing and thereby achieve a
more uniform heating of the well casing/tubing.

[0049] Preferably the method may involve clearing the well casing/tubing to expose the rock
formation within which the well borehole is formed so that the rock formation can be accessed
from within the well casing/tubing.

[0050] Advantageously the perforations will be distributed around the entire circumference of
the well casing/tubing.

[0051] Preferably an area adjacent to the outer surface of the well casing/tubing may be
cleaned out by using pressure washing techniques within the well casing/tubing in the region of
the plurality of perforations. In this way it is possible to create space for the heating mixture to
accumulate adjacent to the outer surface of the well casing/tubing.

[0052] Preferably the delivery of the chemical heating mixture may further include squeezing
the mixture into the plurality of perforations in the well casing/tubing so that the mixture is
provided on both sides of the well casing/tubing as well as within the wall of the well
casing/tubing itself.

[0053] By using the perforations to deliver the chemical heating mixture to either side of the
well casing/tubing and also within the wall of the well casing/tubing it is possible to achieve a
more uniform melt of the well casing/tubing around its entire circumference.

[0054] Preferably the method may further comprise providing an insulating material in the
cleaned out area adjacent the outer surface of the well casing/tubing to maximise the impact of
the temperature changes produced in the well casing/tubing.

[0055] Additionally or alternatively the method of this aspect may further comprise providing a
material in the cleaned out area adjacent the outer surface of the well casing/tubing to draw
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the heat generated within the well casing/tubing through the walls of the well casing One group
of suitable heat drawing materials are commercially available from Dow Corning Corporation

under the trademark DOWTHERM ™.
[0056] Suitable chemical heating mixtures include mixtures comprising thermite and thermate.

[0057] Preferably the chemical heating mixture may be provided as a gel, paste, a pseudo
liquid or a solid. The gel, paste and pseudo liquid forms being particularly suitable for
squeezing in to the perforations formed in the well casing/tubing.

[0058] In some applications it would be beneficial for the chemical heating mixture to be
provided in the form of at least one solid block. Further preferably the solid block(s) may have
a central hole to allow the escape of any steam/gas produced by the heating of down hole
fluids during the reaction.

[0059] Advantageously the central hole also facilitates control of the burn and keeps it close to
the well casing/tubing. It is envisaged that by providing the access/escape means in the middle
of the block is better than simply reducing the diameter of the block so that there is a gap
between the well casing/tubing and the block, because the block is kept closer to the well
casing/tubing and thus is more effective.

[0060] It is appreciated that in some operations additional benefit may be achieved by using a
combination of chemical heating mixtures in different states. For instance, a paste or gel of
heating material could first be applied (e.g. squeezed) through perforations formed in a well
casing/tubing to facilitate the heating of the outer surface of the well casing/tubing. Then a solid
block, perhaps with the central vents, could be deployed within the well casing/tubing to
provide the heat within the well casing/tubing.

[0061] It will be appreciated that the use of the method of the present invention will facilitate
the separation of the well casing/tubing into two sections (i.e. the portion above the
consumed/shattered/melted region and the portion below it.

[0062] In the case were the well casing is cleared the gap created between the two sections of
the well casing exposes the surrounding rock formation and provides a region in which a plug
can be formed across the entire cross-section of the well bore hole (i.e. from the rock
formation on one side of the borehole to the rock formation on the other side of the borehole).

[0063] In the case were an inner tubing is cleared the removal of the tubing from within the
well casing facilitates the deployment of repair tools to carry out work-over operations.

Brief Description of the Drawings
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[0064] The various aspects of the present invention will now be described with reference to the
drawings, wherein:

Figure 1a shows a well casing in situ within a well bore hole;
Figure 1b shows the well casing perforation stage of the method of the present invention;
Figure 1c shows the jet washing stage of the method of the present invention;

Figure 1d shows the step of the delivery of chemical heating mixture into and around the well
casing;

Figure 1e shows the separate portions of the well casing following the reaction of the chemical
heating mixture within the well bore hole.

Detailed Description

[0065] So that the general concept of the present invention might be better understood an
exemplary process of the well casing/tubing disposal method of the present invention will be
described with reference to Figures 1a-1e.

[0066] The skilled person will appreciate from the following description, that certain steps
shown in the drawings may be omitted so long as the omission does not depart from the
invention as defined by the claims. Further, the skilled person will also appreciate that
additional steps to those shown may also be used to achieve additional benefits, so long as the
additional steps do not depart from the invention as defined by the claims.

[0067] Turning now to Figures 1a, 1b, 1¢, 1d and 1e, which show in order the steps involved in
removing/disposing of a portion of a well casing/tubing so as to create an exposed region
capable of receiving a well plug that can be used to form a plug across the entire cross-section
of a well bore hole (i.e. from the rock formation on one side of the borehole to the rock
formation on the other side of the borehole).

[0068] It will be appreciated that although Figures 1a, 1b, 1c, 1d and 1e depict the application
of the clearance method of the present invention to remove a well casing and expose the
surrounding rock formation the described method can also be employed to remove tubing
other than well casing.

[0069] One example of alternative tubing that can be removed using the described methods is
production tubing. In cases where only the production tubing is to be removed the surrounding

rock formation does not necessarily need to be exposed.

[0070] Figure 1a shows a well 1 provided in a rock formation 2. The well comprises a well
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casing or other form of tubing 3 formed within a bore hole in the rock formation 2. In the region
between the rock formation and the casing/tubing 3 is provided an annulus 4, which may be
filled with cement.

[0071] Figure 1b shows the first stage of the casing/tubing removal method, wherein a plurality
of perforations 6 are formed in the casing/tubing 3 by way of a perforating device 5 that is
deliverable down the well 1 using existing delivery means.

[0072] Preferably the perforating device 5 is capable of delivering a controlled explosion within
the region of the casing that is to be perforated. The device 5 is preferably capable of
perforating the casing in a 360° target region so that perforations are provided around the
entire circumference of the casing.

[0073] Figure 1c shows the next stage in the method of the present invention, wherein a
pressure washing or water jet washing device 7 is delivered down the well 1 to the region of
the casing in which the perforations 6 were formed. Once again existing delivery means can be
utilised to deliver the washing device 7 to the target region within the well (e.g. cable wire line).

[0074] Once the pressure washing or water jet washing device 7 is in position the device can
be focused towards the perforations 6 in the casing. In this way the washing device 7 can be
used to clean out or erode the annulus material 4 adjacent to the perforated region of the well
casing/tubing.

[0075] The step of the clearing away a region of annulus material 4 from area surrounding the
perforated casing is considered to be advantageous because it provides additional space into
which the active chemical agent 9 (see Figure 1d) can be received. In this way the level of
heating applied from the outer surface of the casing is enhanced.

[0076] It is envisaged that as an alternative, insulating material or a heat drawing material

(such as DOWTHERM ™) may be received in the space formed by clearing away the annulus
material with pressure jet washing.

[0077] However it is envisaged that, although beneficial, the step of washing out the region of
annulus material 4 may not be essential in all circumstances; for example when the preceding
perforating step itself causes the formation of space in the annulus material 4 surrounding the
casing 3, which further helps to expose the surrounding rock formation.

[0078] Figure 1d shows the step of deploying the active chemical agent 9 to the perforated
region of the well casing/tubing 3. The active chemical agent 9 is delivered to the target region
using a delivery tool 8, which is connectable to existing delivery means; such as cable wireline.

[0079] In the case of the present invention the active chemical agent used is a chemical
heating and/or cooling means capable of rapidly changing the temperature within the target
region of the well casing.
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[0080] The delivery tool 8 is capable of carrying the active chemical agent 9 down the well to
the target region. Once in position the delivery tool 8 can then be operated to force the active
chemical agent 9 through the perforations 6 in the casing and in to the cleared region in the
annulus material 4.

[0081] In this way both the inside and the outside of the casing/tubing 3 are placed in contact
with the active chemical agent 9 thereby allowing a more uniform treatment of the
casing/tubing 3 to be achieved.

[0082] It is envisioned that in the case of the chemical heating mixture the active chemical
agent 9 might advantageously be provided in the form of paste or gel of a material such as
thermite or thermate so that it can more readily be squeezed through the casing perforations
6.

[0083] Once the active chemical agent 9 is suitably distributed in and around the casing/tubing
3 the chemical reaction can be initiated. Depending on the nature of the active chemical agent
being used this may be done remotely or by way of timing device.

Consumption of the well casing

[0084] In this first method not part of the invention, the well casing/tubing is broken down by
using chemicals that react with materials from which the well casing is formed.

[0085] In its broadest sense any chemicals that are capable of reacting with the well casing in
such a way that produces material which is readily cleared from the target region (e.g. in the
form of gases or powders) to expose the rock formation are considered applicable.

[0086] One appropriate chemical reaction is considered to be oxidation, wherein the casing is
effectively consumed or burnt (i.e. like a fuel) rather than melted (i.e. turned from a solid state
to a liquid state).

[0087] In situations where the well casing/tubing has a steel component it is envisaged that a
process of Iron oxidisation might be employed.

Embrittlement or softening and subsequent removal of the well casing

[0088] In the method of the present invention the well casing/tubing is again subjected to high
temperatures; whether as a consequence of the high temperatures already present in the
down-hole environment or as a result of chemical heating means delivered to the target region.
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[0089] However unlike the melting approach adopted in the second method not part of the
invention, the well casing is subjected to a rapid cooling before melting occurs.

[0090] It is envisaged that the rapid cooling of the well casing (possible using cooling means
such as liquid nitrogen or cold water) results in a change the structural orientation of the metal
from which the casing is formed. This can make the casing more brittle and susceptible to
shattering. Although in the case of well casings/tubings that are formed from alloys that have
low carbon content the casing/tubing has a tendency to soften rather than embrittle. In both
cases the rapid temperature changes transform the well casing/tubing and make it easier to
clear/remove.

[0091] Once the casing has been embrittled the target region is subjected to mechanical
stresses, such as physical attack or sonic attack. Thus the weakened casing is removed by
shattering the casing in the targeted region.

[0092] Alternatively, once the casing has been softened the target region is milled/drilled out
using standard milling/drilling equipment. The softened casing is much easier, and thus
quicker, to remove. An added benefit is achieved by the softening of the well casing/tubing, in
that the sward formed during the milling/drilling process is created in smaller more manageable
pieces.

[0093] It is envisioned that providing the perforations in the well casing enables the cooling
medium to access both the inside and the outside of the well casing, thus providing uniform
cooling.

Melting of the well casing

[0094] In the second method not part of the invention, the well casing/tubing is subjected to
high temperatures which melt the target region of the casing. It is envisaged that thermite and
thermate mixes would be particularly suitable to achieve the high melting temperatures of over
1800°C that are required.

[0095] Unlike in the first method not part of the invention, where it is considered merely a
beneficial additional step, the step of perforating the well casing/tubing is considered essential
to this second method not part of the invention as it allows the heat to be applied not only from
within the casing but also from outside - thereby maximising the destruction of the targeted
casing region by melting.

[0096] In each of the above approaches a region of the casing/tubing 3 is destroyed and a
cleared region 10 is created within the well bore hole. Figure 1e shows the well hole 1 following
one of the above mentioned casing removal stages (i.e. melting; embrittlement/shattering;
burning).
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[0097] Once created within the well hole the cleared region 10, which extends to the rock
formation within which the borehole is formed, facilitates a well abandonment plug to be
deployed therein. The removal of the casing/tubing means that a plug can be formed which
extends across the entire cross-section of the well hole (i.e. from the rock formation on one
side of the borehole to the rock formation on the other side of the borehole), thus providing a
substantial and effective seal.

[0098] It is envisioned that the cleared region 10 provided using the method of the claimed
invention would be suitable for both cement plugs and plugs formed using eutectic alloys.
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PATENTKRAV

1. Fremgangsmade til fiernelse af brendforing eller brendrer (3) fra et malomrade af et olie-

/gasborehul (1), hvilken fremgangsmade omfatter:

Indgivelse af kemisk opvarmnings- og/eller kelemiddel til malomradet for at fremme en
hurtig temperatureendring i malomradet for saledes at aendre brendforingens/brendregrets
fysiske egenskaber i malomradet og dermed gere brendforingen sker, bledgere eller pa

anden made svaekke den uden at smelte den;

pafering af én eller flere fysiske eller miljgmaessige belastninger til malomradet for at fierne

den/det svaekkede brgndforing/brendrer fra malomradet; og

kendetegnet ved frembringelse af en flerhed af perforeringer i brendforingen/brgndreret

(3) i malomradet fer indgivelse af det kemiske opvarmnings- og/eller kelemiddel.

2. Fremgangsmade ifglge krav 1, og som endvidere omfatter fiemelse af bregndforing eller
brendrer (3) fra et malomrade af et olie-/gasborehul (1) for at eksponere klippeformationen (2),
hvori brendborehullet er dannet, saledes at klippeformationen kan tilgds fra inde i

brandforingen/brendraret.

3. Fremgangsmade ifglge krav 1 eller 2, hvor temperaturen i malomradet hurtigt seenkes, fer

den fysiske eller miljgmaessige belastning paferes.

4. Fremgangsmade ifglge krav 1 eller 2, hvor temperaturen i malomradet farst @ges til en
temperatur, der ikke overskrider smeltepunktet for brendforingen/br@ndrgret og derefter hurtigt

afkeles, far den fysiske eller miljgmaessige belastning paferes.
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5. Fremgangsmade ifslge et hvilket som helst af kravene 1, 2, 3 eller 4, hvor kilden til den
ene eller flere fysiske eller miljpmaessige belastninger vaelges fra gruppen indeholdende: en

brandanordning; en sonisk anordning og en mekanisk anordning.

6. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 5, hvor et omrade stedende op
til den udvendige flade af brendforingen/brendreret fiernes ved hjaelp af trykvasketeknikker inde

i brendforingen/brendraret i omradet for perforeringeme fer indgivelsestrinnet.

7. Fremgangsmade ifelge et hvilket som helst af kravene 1 til 6, hvor indgivelsen af den
kemiske opvarmnings- eller kelemiddelblanding endvidere indbefatter presning af det kemiske
opvarmnings- eller kelemiddel ind i perforeringerne i brendforingen/brendreret, saledes at
midlerne tilvejebringes pa begge sider af brandforingen/brendrgret savel som inde i vaeggen af

selve brgndforingen/brandreret.

8. Fremgangsmade ifelge krav 6, og som endvidere omfatter enten:

a) tilvejebringelse af et isoleringsmateriale i det ryddede omrade stedende op til
den udvendige flade af brendforingen/brendreret for at maksimere indvirkningen

af temperaturaendringerne frembragt i brendforingen/brgndreret; eller

b) tilvejebringelse af et materiale i det ryddede omrade stedende op til den
udvendige flade af brendforingen/brgndrgret for at treekke varme, der genereres

inde i brendforingen/bregndragret, gennem brgndforingens/bregndrarets vaegge.

9. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor det kemiske

opvarmningsmiddel omfatter thermit eller thermat.

10. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor den/det kemiske
opvarmningsblanding/-middel tilvejebringes som en gel, en pasta, en pseudovasske eller et

faststof.
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3
11. Fremgangsmade ifglge krav 10, hvor den/det kemiske opvarmningsblanding/middel i fast
form tilvejebringes som mindst én fast blok.
12. Fremgangsmade ifelge krav 11, hvor fortrinsvis, den faste blok har et centralt hul eller

5 kanal til at muliggere adgang eller afgang gennem den faste blok, nar en sadan er inde i

brandforingen eller brgndraret.

13. Fremgangsmade til tilstopning af en olie-/gasbrendboring, hvilken fremgangsmade

omfatter:

10 anvendelse af fremgangsmaden ifalge et hvilket som helst af de foregaende krav til at
rydde et malomrade af brendforing eller brendrer for saledes at eksponere

klippeformationen, der omgiver brendboringshullet; og

dannelse af en prop inde i brendboringen, hvor proppen straekker sig over det fulde

tvaersnit af brendboringen.
15

14. Fremgangsmade ifglge krav 13, hvor proppen dannet inde i brendboringen er en eutektisk

legeringsbaseret prop.

15. Fremgangsmade til reparation af en olie-/gasbrendboring, hvilken fremgangsmade

20 omfatter:

anvendelse af fremgangsmaden ifglge et hvilket som helst af kravene 1-12 til at rydde et

malomrade af bregndforing eller brendrer; og

indseettelse et reparationsredskab i brendboringen for at foretage en reparation af

bregndforingen.
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