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57 Abstract

It is disclosed a well tool device and a method for
forming a permanent well barrier. The well tool device
(10) comprises:

- a housing (20);

- a movable partition device (26a, 26b, 26c¢) provided
within the housing, the partition device (26a, 26b, 26¢)
separating an inner volume of the housing in a first
volume defining a first compartment (30) and a second
volume defining a second compartment (60);

- a pyrotechnic mixture (40) provided in the first
compartment (30); and

- a fluid line (66) providing fluid communication between
the second compartment (60) and an outside of the
housing (20).

The method comprises the steps of:

- while running the well tool device (10) into the well,
equalizing a pressure difference between a pressure
inside the second compartment (60) and an ambient
pressure outside of the housing (20), by means of
allowing fluids to enter the second compartment (60)
through the fluid line (66);

- while running the well tool device (10) into the well,
equalizing a pressure difference between a pressure
inside the first compartment (30) and a pressure inside
the second compartment (60), by means of the partition
device (26a, 26b, 26¢) being affected by the pressure
inside the second compartment (60);

- installing the well tool device (10) in the well; and

- igniting the pyrotechnic mixture (40).
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Technical field

The invention relates to a well tool device and a method for permanently plugging
and abandoning a well.

Background of the invention

Plugging and abandonment operations, often referred to as P& A operations, are
performed to permanently close oil and/or gas wells. Typically, this is performed by
providing a permanent well barrier above the oil and/or gas producing rock types,
typically in the cap rock in which the well has been drilled through.

In WO2013/135583 (Interwell P&A AS), it is disclosed method for performing a
P& A operation wherein a first step, it was provided an amount of a pyrotechnic
mixture (for example thermite) at a desired location in the well and thereafter to
ignite the pyrotechnic mixture to start a heat generation process. It is also disclosed
a tool for transporting the pyrotechnic mixture into the well before ignition.

The transportation tool must store and protect its content until it has reached the
intended position in the well. It is therefore of key importance that the tool can
withstand the increasing ambient pressure exerted on it as it is lowered into the
well. In the event of a collapse, the content of the tool will likely be destroyed and
lost. A collapsed tool can also be difficult if not impossible to install in the well. To
withstand external pressure, tools are typically made of expensive high strength
materials or their wall thickness is increased which require more material which in
turn increase cost.

WO02018057361 Al discloses an inflating container (2400) filled with formation
plugging fluid (2414) is deployed at the target zone by a rigless apparatus. The
inflating container can be in valved fluid communication with an explosive filled
container (2410), the explosive being ignited using a firing mechanism (2408) that
is attached to the explosive filled container. The explosion expands gases in the
explosive filled container which pass into the inflation container and displace the
formation plugging fluid into the balloon sections (2402) and through the weakened
portions of the central balloon (2402b) to penetrate the walls of the target zone. The
expanded central balloon is melted by the heat of the chemical reaction and a
portion adheres to the formation wall thereby sealing the undesirable target zone;
thereafter, the remaining balloon sections are deflated or ruptured to permit the
apparatus to be withdrawn through the production tubing.

US 2011 174484 A1l discloses Methods of actuating a well tool can include
releasing chemical energy from at least one portion of a reactive material, thermally
expanding a substance in response to the released chemical energy, and applying
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pressure to a piston as a result of thermally expanding the substance, thereby
actuating the well tool, with these steps being repeated for each of multiple
actuations of the well tool. A well tool actuator can include a substance contained in
a chamber, one or more portions of a reactive material from which chemical energy
is released, and a piston to which pressure is applied due to thermal expansion of
the substance in response to each release of chemical energy. A well tool actuator
which can be actuated multiple times may include multiple portions of a gas
generating reactive material, and a piston to which pressure is applied due to
generation of the gas. An objective of the present invention is to provide a tool
which solves the identified problem without the above-mentioned disadvantages.

Summary of the invention

The invention relates to a well tool device for forming a permanent well barrier as
well as a method for forming a permanent well barrier as set forth in the
independent claims. Preferred embodiments are set forth in the dependent claims.

It is described a well tool device for forming a permanent cap rock to cap rock
barrier which seals against a reservoir (R) in a well, the well tool device
comprising:

- ahousing;

- apyrotechnic mixture for melting surrounding materials to form the cap rock
to cap rock barrier when solidifying, provided in the first compartment; and

- characterized in that, the well tool device further comprises

- amovable partition device provided within the housing, the partition device
separating an inner volume of the housing in a first volume defining a first
compartment and a second volume defining a second compartment;

- afluid line providing fluid communication between the second compartment
and an outside of the housing;

- wherein the fluid line equalizes a differential pressure between an inside of
the second compartment and ambient well bore pressure outside of the
housing while running the well tool device into the well.

This enables the housing to be produced with a thinner wall thickness or by
materials with lower strength, compared to prior art well tools which doesn’t
equalize said differential pressure and thus have to withstand pressure differences of
up to several hundred bars between an outside and an inside of the well tool device
when installed at a location deep in a well. Collapse of the housing when (i.e.
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during) running of the tool into a well with increasingly higher pressure is also
avoided.

The partition device may be a piston, a diaphragm or a bladder.
The well tool device may be used in both onshore and offshore wells.
The well tool device may comprise:

- avalve device providing fluid communication between the first compartment
and the outside of the housing.

It is thus achieved a well tool device which may vent and/or fill the first
compartment with fluids prior to running the tool into the well.

The first compartment may be fluid tight. Such a compartment is advantageous
when using pyrotechnic mixtures which must be kept dry in order for the
pyrotechnic mixture to efficiently ignite and react.

The ignition device may be wired to surface or alternatively be connected to a timer
and a battery providing power for the ignition device to ignite the pyrotechnic
mixture.

As used herein, the term “pyrotechnic mixture” or “heat generating mixture” is a
particulate mixture of a first metal and an oxide of a second material which, when
heated to an ignition temperature, will react spontaneously in an exothermic and
self-sustained chemical reaction where the first metal is oxidized to a metal oxide
and the second metal is reduced to elementary metal. L.e. the pyrotechnic mixture
can be defined as any substance or mixture of substances designed to produce an
effect by heat, light, sound, gas/smoke or a combination of these, as a result of non-
detonative self-sustaining exothermic chemical reactions. Pyrotechnic substances do
not rely on oxygen from external sources to sustain the reaction.

An example of a possible reaction may be the the reaction between particulate ferric
oxide and particulate aluminium:

Fe 03 +2 Al - 2Fe + Al,04
Other examples are presented in the detailed description below:

The pvrotechnic process

The heat generating mixture (pyrotechnic mixture) 40 comprises a particulate of a
first metal and a particulate metal oxide of a second metal in an over-stoichiometric
amount relative to a red-ox reaction.
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The first metal is oxidized to a metal oxide and the second metal is reduced to
elementary metal where the first metal is a different metal than the second metal.
Heat is a result of this reaction.

One example of such a pyrotechnic mixture is the following:
Fe203 +2 Al — 2 Fe + Al203 + heat (1)

Here, the first metal is aluminum (Al) and the second metal is iron oxide (Fe203).
The first metal is oxidized to the metal oxide aluminum oxide (Al1203) and the
second metal is reduced to the elementary metal iron (Fe). Heat is produced during
this process, which often is referred to as a thermite process.

In the above example, the first metal is more reactive than the second metal as
defined in a reactivity series of metals.

In alternative embodiments for such a reaction, the first metal in the heat generating
mixture or pyrotechnic mixture may be of the following metals: Mg, Al, Ti, Mn, V,
Zn, Cr, Mo, Fe, Co, Ni, Sn, Pb, Cu, or B and the metal oxide of the second metal is
one of: copperll oxide, chromiumlII oxide, ironll, III oxide, manganeselV oxide,
silicon dioxide, boron trioxide, or leadIl, IV oxide. When combining the above, the
first metal is more reactive than the second metal as defined in a reactivity series of
metals.

Some examples of alternative processes, in which the first metal is aluminum, are
disclosed below:

Fe,0; +2 Al - 2Fe + Al,0; + heat (2)
3Fe30,+8Al - 9Fe+ 4Al,0; + heat (3)
3Mn0O, +4 Al -3 Mn+ 2 Al,05 + heat 4)
Mn,0; +2 Al - Mn + Al,05 + heat (5
35i0, +4 Al - 3Si+ 2Al,0; + heat (6)

It should be noted that the heat produced in the above processes will vary from
process to process. In addition, the speed of the reaction will vary from process to
process.

As mentioned above, it is also possible to use manganese as the first metal, as
disclosed below:

Fe,03+3 Mg — 2Fe+ 3MgO + heat (7)
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As used herein, the term “the first metal is more reactive than the second metal”
means that the first metal of the pyrotechnic mixture has a higher reactivity than the
second metal of the metal oxide. The reactivity of metals is determined empirically
and given in reactivity series well known to the person skilled in the art. An
example of a reactivity series of metals is found in e.g. Wikipedia:

[ i { Pt LT o ‘ H
Bt Slen wetd avrofwiki/ R eactivite  sariag
DD /8N Wi LT WK R QACUVELY  SETIES

After ignition of the pyrotechnic mixture e.g. at the depth of the cap rock, the heat
generating mixture will burn with a temperature of up to 3000°C and melt a great
part of the proximate surrounding materials, with or without the addition of any
additional metal or other meltable materials to the well. Such a pyrotechnic mixture
may also be referred to as a heat generating mixture. The surrounding materials may
include any material normally present in the well, and can be selected from a group
comprising, but not limited to: tubulars, e.g. casing, tubing and liner, cement,
formation sand, cap rock etc. The heat from the ignited mixture will melt a
sufficient amount of said materials. When the heat generating mixture has burnt out,
the melted materials will solidify forming the reservoir sealing barrier at the first
position. If the first position is at the cap rock, the reservoir sealing barrier melts
and bonds in a transition area with the cap rock forming a continuous cap rock - to -
cap rock barrier. This reservoir sealing barrier seals from inflow from any
reservoir(s) below the reservoir sealing barrier. The operation is particularly
suitable in vertical sections of the well, but may also be suitable in deviating or
diverging sections such as horizontal sections or sections differing from a vertical
section.

The sufficient amount of heat generating mixture or pyrotechnic mixture, e.g.
thermite mixture, varies dependent on which operation that is to be performed as
well as the design well path. As an example, NORSOK standard D-010, which
relates to well integrity in drilling and well operations, defines that a cement plug
shall be at least 50 meters and in some operations up to 200 meters when used in
abandonment operations. For example, one may fill whole of the inner volume of
the pipe. In the embodiment regarding permanent well abandonment, a pipe having
an inner diameter of 0,2286 m (9 5/8”) has a capacity of 0,037 m? per meter pipe. In
order to provide a 50 meter plug by means of the method according to the invention,
one would need 1,85 m’ heat generating mixture comprising thermite. Similarly, if a
cement plug of 200 meters is required, the amount of heat generating mixture
needed would be 7,4 m*. It should though be understood that other plug dimensions
may be used, as the plug provided by means of the invention will have other
properties than cement and the NORSOK standard may not be relevant for all
applications and operations. Any amount of heat generating mixture may be used,
dependent on the desired operation, the properties of the heat generating mixture
and the materials.
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The well tool device may comprise:

- anignition device provided within the first compartment, suitable for
igniting the pyrotechnic mixture.

When one or several well tool devices are adjacently installed in a well or a
plurality of well tool devices are run and installed as a stack, at least one well tool
device needs an ignition device suitable for ignite the pyrotechnic mixture. Once the
pyrotechnic mixture of one well tool device is ignited, it will in turn ignite the
pyrotechnic mixture of any adjacent well tool devices.

It is described a method for forming a permanent well barrier using a well tool
device, the well tool device comprising:

- ahousing;

- amovable partition device provided within the housing, the partition device
separating an inner volume of the housing in a first volume defining a first
compartment and a second volume defining a second compartment;

- apyrotechnic mixture provided in the first compartment; and

- afluid line providing fluid communication between the second compartment
and an outside of the housing;

wherein the method comprises the steps of:

- while running the well tool device into the well, equalizing a pressure
difference between a pressure inside the second compartment and an ambient
pressure outside of the housing, by means of allowing fluids to enter the
second compartment through the fluid line;

- while running the well tool device into the well, equalizing a pressure
difference between a pressure inside the first compartment and a pressure
inside the second compartment, by means of the partition device being
affected by the pressure inside the second compartment;

- installing the well tool device in the well; and
- igniting the pyrotechnic mixture.

It is thus achieved a method for installing the well tool device where the risk of the
tool unintentionally collapsing while running into the well is significantly reduced.

The method may comprise the initial step of:

- assembling a plurality of well tool devices into one stack.
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When several tools are required in the well this will reduce the number of runs. It
will also reduce the number of tools requiring an ignition device, as adjacent tools
will ignite each other. The well tool device may be lowered by means of a lowering
tool, such as e.g. wire line, e-line, drill pipe, a deployment tool, a dedicated running
tool, a snubbing tool or coiled tubing.

2 (13
2

The relative terms “upper”, “lower”, “below”, “above”, “higher” etc. shall be
understood in their normal sense and as seen in a cartesian coordinate system. When
mentioned in relation to a well, “upper” or “above” shall be understood as a
position closer to the surface of the well (relative to another component), contrary
to the terms “lower” or “below” which shall be understood as a position further

away from the surface of the well (relative another component).

By the use of the described invention, all operations can be performed onshore and,
if in water, from a light well intervention vessel or similar, and the need for a costly
rig is eliminated. Prior to the ignition of the heat generating mixture, the well may
be pressure tested to check if the seal is tight. This might be performed by using
pressure sensors or other methods of pressure testing known to the person skilled in
the art.

Brief description of the drawings

The invention will now be described with reference to the exemplifying non-
limiting embodiments shown in the accompanying drawings, wherein:

Fig. 1 shows a cross-section of an embodiment of the invention;

Fig. 2 shows a cross-section of another embodiment of the invention;

Fig. 3 shows a cross-section of another embodiment of the invention;

Fig. 4 shows a cross-section of another embodiment of the invention;

Fig. 5 shows a cross-section of another embodiment of the invention; and
Fig. 6 shows the situation in a well after ignition of the pyrotechnic mixture.

Detailed description of a preferential embodiment

Fig. 1 shows a schematic illustration of a vertical cross section of a well tool device
10 according to the invention. The well tool device 10 comprises a housing 20, a
partition device 26a, 26b, 26¢ and a fluid line 66.

The partition device 26a, 26b, 26c¢ is arranged inside the housing 20 in such a way
that it separates the inner volume of the housing 20 in two. On a first side (a lower
side in the Figures) of the partition device 26a, 26b, 26¢ is a first compartment 30
defined by the housing 20 and the partition device 26. On a second side (an upper
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side in the Figures) of the partition device 26a, 26b, 26¢ is a second compartment
60 defined by the housing 20 and the partition device 26.

The partition device 26a, 26b, 26¢ in Fig. 1 is in the form of a piston 26a. This
piston 26a can move freely within the housing 20 while sealing against the inner
wall of the housing 20. By moving the piston 26a in a given direction to increase
the volume of the first compartments 30, the volume of the second compartment 60
will have a similar decrease and vice versa.

The fluid line 66 provides fluid communication between the inside of the housing
20 and the outside of the housing 20. The outside of the housing is the environment,
and may be at surface where typically air is surrounding the housing, or may also be
in a pressurized well with well fluids with significant pressures of up to several
hundred bar. The fluid line 66 in Fig. 1 is an aperture in the wall of the housing 20.
Alternatively, a plurality of apertures may be provided in the wall of the housing
20. The at least one aperture is preferably provided in a wall of the housing 20
along which the piston 26a is not moving.

In Fig. 1 fluid communication is only provided between the inside of the second
compartment 60 and the outside of the housing 20. The first compartment 30 is
completely sealed off from the outside of the housing 20. The first compartment 30
is thus suited for storage of pyrotechnic mixtures 40.

Any differential pressure between the second compartment 60 and the outside of the
housing 20 will be equalized by a flow through fluid line 66. Any differential
pressure between the first compartment 30 and the second compartment 60 will be
equalized by a movement of the partition device 26.

In use, the well tool device 10 is lowered into the well at a predetermined speed. As
the well tool device 10 is lowered into the well the ambient pressure will increase.
By allowing fluids to enter the second compartment 60 through the fluid line 66, the
pressure difference between the inside of the second compartment 60 and the
ambient pressure is continuously equalized. At the same time the pressure
difference between the first compartment 30 and the second compartment 60 is
continuously equalized by the partition device 26.

The fluid line 66 should be dimensioned according to the running speed of the well
tool device 10, such that as little differential pressure as possible is allowed to build
up during running. Dimensioning of the fluid line 66 may include sizing of the
aperture, the number of apertures and the positioning of apertures. The fluid line 66
may be provided with plugging means during transportation and assembly.
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After the well tool device has been lowered into the desired position in the well, it
may be installed. Subsequently, the pyrotechnic mixture 40 may be ignited either by
an ignition head 50 or by an adjacent well tool device 10.

Prior to running the well tool device 10 into the well, a plurality of well tool devices
may be assembled into a stack of well tool devices 10.

Fig. 2 shows a similar well tool device 10 as Fig. 1. The well tool device 10 in Fig.
2 has the additional feature of an ignition head 50. This ignition head 50 is suitable
for igniting the pyrotechnic mixture 40.

If several well tool devices 10 are run as a stack or adjacently installed in the well,
only one of the well tool devices 10 require an ignition head 50. The pyrotechnic
mixture in the first well tool device 10 is ignited by the ignition head 50, this
reaction will in turn ignite the surrounding well tool devices 10. All embodiments of
the well tool device may be made without the ignition head 50.

Fig. 3 shows a well tool device 10 in which the partition device 26a, 26b, 26¢ is a
diaphragm 26b. Unlike the piston 26a, the diaphragm 26b is anchored to the walls
of the housing 10 by means known to the skilled person. This doesn’t require the
same surface finish on the wall of the housing 20 as the piston 26a. By using a
diaphragm 26b, the fluid line 66 may be positioned in the wall of the housing 20.
Furthermore, the diameter/width of the well tool device doesn’t have to be uniform
when using a diaphragm 26b.

Fig. 4 shows a well tool device in which the partition device 26a, 26b, 26¢ is a
bladder 26¢. Pistons 26a and diaphragms 26b typically has a circular shape and
requires a corresponding shape of the housing 20. The bladder 26c¢ is neither
anchored to nor moving along the wall of the housing 20. Instead it is anchored to
an end surface of the housing 20 by anchoring means known to the skilled person.
The bladder 26¢ doesn’t require any particular geometry of the housing 20.

If a plurality of well tools 20 are run as a stack, flexibility in the geometry of the
well tool device 10 and/or the positioning of the fluid line 66 may be desirable.

Fig. 5 shows a well tool device 10 in which a valve device 35 is provided in the
wall of the housing 20. The valve device 35 provides the possibility of fluid
communication between the inside of the first compartment 30 and the outside of
the housing 20. When the well tool device 10 is run into the well, the valve device
35 is typically closed. Prior to running the well tool device 10 into the well, the
valve device 35 may e.g. be used to fill the first compartment 30 with fluids relating
to the heat generating process. Prior to running the well tool device 10 it may also
be desirable to adjust the partition device 26, e.g. moving the piston 26a or
diaphragm 26b to a position where the first compartment 60 has a larger volume
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10

than the volume of the second compartment 60 or pressurizing the bladder 26¢. This
can be achieved by means of the valve device 35.

The valve device 35 may also be adapted to release pressure from the first
compartment 30. During the heat generation process, a pressure may build up in the
first compartment 30 and a premature collapse of the housing may occur. This
pressure build-up may be compensated by the partition device 26. If the partition
device 26a, 26b, 26¢ doesn’t fully compensate the pressure build-up, any excess
pressure may be vented through the valve device 35.

The valve device 35 may be used in combination with any partition device 26a, 26b,
26c¢. In a well tool device 10 comprising a partition device 26a, 26b, 26¢ in the form
of a piston 26a, the valve device 35 may alternatively be provided in the piston 26a.

Fig. 6 is a cross section of the well along a vertical plane after the ignition of the
pyrotechnic mixture 40 such that proximate surrounding materials present at the
position of the pyrotechnic mixture 40 have melted, e.g. tubing or liner TBG,
cement CE, cap rock CR, well tool device 10, well tool device housing 20, igniting
head 50, other tubulars etc. After waiting a period of time, the melted surrounding
materials have solidified into a reservoir sealing barrier or permanent well barrier
RSB which seals against the reservoir R in the well bore WB. The sketched area
formed in the well bore WB and extending radially into the cap rock CR indicates
the melted surrounding materials (i.e. the reservoir sealing barrier RSB which has
been formed). The transition areas between non-affected cap rock CR and complete
melted materials now forming part of the reservoir sealing barrier RSB is denoted
transition zone TZ. In order for a successful reservoir sealing barrier RSB to form,
it is advantageous that the bonding between the cap rock CR and the reservoir
sealing barrier is satisfactory. Whether the reservoir sealing barrier seals against the
reservoir, including in the transition zone, verification test such as pressure tests or
sample test(s) of substances not naturally occurring above reservoir sealing barrier
RSB can be performed. Such sample tests may be e.g. H2S or other gases. The
pressure tests may monitor whether the pressure above the reservoir sealing barrier
increases or not.

The invention is herein described in non-limiting embodiments. It should though be
understood that the embodiments may be envisaged with a stack comprising two or
more well tool devices. The skilled person will understand if it is desirable to set
none, one, two or several permanent plugs dependent on the desired operation.
Similarly, high temperature resistant elements may be provided at dedicated
positions in the well to protect parts of the well or equipment lying contiguous,
above or below the position where the plus is set, and may vary from zero, one, two
or several, dependent on the operation.
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Reference list:

10 — Well tool device

20 — Housing
26a, 26b, 26¢ - Partition device
26a — Piston
26b — Diaphragm
26¢ — Bladder

30 — First compartment
35 — Valve device

40 — Pyrotechnic mixture

50 — Ignition head

60 — Second compartment
66 — Fluid line

CE - Cement
WB — well bore
CR — Cap rock

R — Reservoir

RSB - reservoir sealing barrier/permanent well barrier

TBG — Tubing
TZ — Transition zone

346843
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1. A well tool device (10) for forming a permanent cap rock to cap rock barrier

which seals against a reservoir (R) in a well, the well tool device (10)

comprising:

a housing (20);

a pyrotechnic mixture (40) for melting surrounding materials to form
the cap rock to cap rock barrier when solidifying, provided in the first
compartment (30); and

characterized in that, the well tool device (10) further comprises:

a movable partition device (26a, 26b, 26¢) provided within the
housing (20), the partition device (26a, 26b, 26¢) separating an inner
volume of the housing (20) in a first volume defining a first
compartment (30) and a second volume defining a second
compartment (60);

a fluid line (66) providing fluid communication between the second
compartment (60) and an outside of the housing (20);

wherein the fluid line (66) equalizes a differential pressure between
an inside of the second compartment (60) and ambient well bore
pressure outside of the housing (20) while running the well tool
device (10) into the well.

2. The well tool device (10) according to claim 1,

wherein the partition device (26a, 26b, 26c¢) is:

a piston (26a);,
a diaphragm (26b); or

a bladder (26¢).

3. The well tool device (10) according to any preceding claims,

wherein the well tool device (10) further comprises:

a valve device (35) providing fluid communication between the first
compartment (30) and the outside of the housing (20).
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4. The well tool device (10) according to any preceding claim,
wherein the first compartment (30) is fluid tight.

5. The well tool device (10) according to any preceding claims,
wherein the well tool device (10) further comprises:

- anignition head (50) provided within the first compartment (30),
suitable for igniting the pyrotechnic mixture (40).

6. A method for forming a permanent cap rock to cap rock barrier which seals
against a reservoir (R) in a well, using a well tool device (10), the well tool
device (10) comprising:

- ahousing (20);

- amovable partition device (26a, 26b, 26¢) provided within the
housing, the partition device (26a, 26b, 26¢) separating an inner
volume of the housing in a first volume defining a first compartment
(30) and a second volume defining a second compartment (60);

- apyrotechnic mixture (40) provided in the first compartment (30);,
and

- afluid line (66) providing fluid communication between the second
compartment (60) and an outside of the housing (20);

wherein the method comprises the steps of:

- while running the well tool device (10) into the well, equalizing a
pressure difference between a pressure inside the second compartment
(60) and an ambient pressure outside of the housing (20), by means of
allowing fluids to enter the second compartment (60) through the
fluid line (66);

- while running the well tool device (10) into the well, equalizing a
pressure difference between a pressure inside the first compartment
(30) and a pressure inside the second compartment (60), by means of
the partition device (26a, 26b, 26¢) being affected by the pressure
inside the second compartment (60);

- installing the well tool device (10) in the well;
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- igniting the pyrotechnic mixture (40) thereby melting surrounding
materials; and

- waiting a period of time, thereby allowing the melted materials to
solidify into a cap rock to cap rock barrier which seals against a
5 reservoir (R) in the well.

7. The method according to claim 6, wherein the method further comprises the
initial step of:

- assembling a plurality of well tool devices (40) into one stack.

10
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KRAV

1. En brennverkteyinnretning (10) for & danne en permanent barriere fra takbergart
til takbergart som tetter mot et reservoar (R) i en brenn, brennverkteyinnretningen
(10) omfatter:

- et hus (20);

- en pyroteknisk blanding (40) for smelting av omgivende materialer for & danne
barrieren fra takbergart til takbergart nar den sterkner, tilveiebrakt i det forste
rommet (30); og

- karakterisert ved at bronnverktoyanordningen (10) videre omfatter:

- en bevegelig skilleanordning (26a, 26b, 26¢) anordnet inne 1 huset (20),
skilleanordningen (26a, 26b, 26¢) skiller et indre volum av huset (20) 1 et forste
volum som definerer et forste rom (30) og et andre volum som definerer et andre
rom (60);

- en fluidledning (66) som tilveiebringer fluidkommunikasjon mellom det andre
rommet (60) og en utside av huset (20);

- hvori fluidledningen (66) utjevner et differensialtrykk mellom innsiden av det
andre rommet (60) og omgivende borehulltrykk utenfor huset (20) mens
brennverkteyanordningen (10) kjeres inn i brennen.

2. Brennverkteyinnretningen (10) ifelge krav 1, hvori skilleanordningen (26a, 26b,
26c¢) er:

- et stempel (26a),

- et diafragma (26b); eller

- en blere (26¢).

3. Bronnverkteyinnretningen (10) ifelge ethvert av de foregdende kravene, hvori
brennverkteyanordningen (10) videre omfatter:

- en ventilanordning (35) som tilveiebringer fluidkommunikasjon mellom det forste
rommet (30) og utsiden av huset (20).

4. Brennverkteyinnretningen (10) ifelge ethvert av de foregdende krav, hvori det
forste rommet (30) er vaesketett.
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5. Brennverkteyinnretningen (10) ifelge ethvert av de foregaende kravene, hvori
brennverkteyanordningen (10) videre omfatter:

- et tenningshode (50) anordnet i det forste rommet (30), egnet for & tenne den
pyrotekniske blandingen (40).

6. Fremgangsmate for & danne en permanent takbergart til takbergart barriere som
tetter mot et reservoar (R) i en brenn, ved bruk av en brennverkteyinnretning (10),
hvor brennverkteyinnretningen (10) omfatter:

- et hus (20);

- en bevegelig skilleanordning (26a, 26b, 26¢) anordnet inne 1 huset,
skilleanordningen (26a, 26b, 26¢) skiller et indre volum av huset i et forste volum
som definerer et forste rom (30) og et andre volum som definerer et andre rom (60);
- en pyroteknisk blanding (40) tilveiebrakt i det forste rommet (30); og

- en fluidledning (66) som tilveiebringer fluidkommunikasjon mellom det andre
rommet (60) og en utside av huset (20);

hvori fremgangsmaten omfatter trinnene:

- mens brennverkteyanordningen (10) kjeres inn i brennen, a utjevne en
trykkforskjell mellom et trykk inne i det andre rommet (60) og et omgivelsestrykk
utenfor huset (20), ved a la fluider komme inn i det andre rommet (60) gjennom
fluidledningen (66);

- mens brennverkteyanordningen (10) kjeres inn i brennen, a utjevne en
trykkforskjell mellom et trykk inne 1 det forste rommet (30) og et trykk inne 1 det
andre rommet (60), som ved hjelp av skilleanordningen (26a, 26b, 26¢) pavirkes av
trykket inne 1 det andre rommet (60);

- & installere brennverkteyanordningen (10) i brennen,;

- a antenne den pyrotekniske blandingen (40) for derved a smelte omgivende
materialer; og

- a vente en periode, for derved a la de smeltede materialene sterkne til en barriere
som tetter mot et reservoar (R) i brennen.

7. Fremgangsmaten ifelge krav 6, hvori fremgangsmaten videre omfatter det
innledende trinnet med:
- & sette sammen et flertall av brennverkteyinnretninger (40) til en stabel.
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