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Description

Field of the Invention

[0001] The present invention relates to the technical
field of downhole operations in oil/gas wellbores, and in
particular to remedial operations associated with repair-
ing faults in annular seals, such as annular packers and
cement seals, found within oil/gas wellbores.

Background of the Invention

[0002] Inorder toaccessoil andgasdeposits located in
underground formations it is necessary to drill bore holes
into these underground formations and deploy produc-
tion tubing to facilitate the extraction of the oil and gas
deposits.
[0003] Additional tubing, in the formofwell liningorwell
casing, may also be deployed in locations where the
underground formation is unstable and needs to be held
back to maintain the integrity of the oil/gas well.
[0004] During the formation and completion of an oil/-
gas well it is crucial to seal the annular space created
between the casing and the surrounding formation. Also
the annular space between the different sizes casings
used as the well is completed. Additionally the annular
space between the production tubing and said casing
needs to be sealed. Further seals may be required be-
tween the underground formation and the additional
tubing.
[0005] Oneof themost commonapproaches to sealing
oil/gas wells is to pump cement into the annular spaces
around the casing. The cement hardens to provide a seal
which helps ensure that the casing provides the only
access to the underground oil and gas deposits. This
is crucial for both the efficient operation of the well and
controlling any undesirable leakage from the well during
or after the well is operated.
[0006] However it is not uncommon for crack/gaps
(sometimes referred to as micro annuli) to form in these
cement seals over time, which lead to unwanted leakage
from the well. One location where such cracks/gaps can
form is at the interfacebetween theproduction tubingand
the cement seal.
[0007] Another commonly used operation in oil/gas
wells is the installation of packers to seal off zones within
an annulus of a wellbore. However, as with cemented
annuli, over time annular packers can develop leaks.
[0008] In the case of repairing crack/gaps in the ce-
ment seal it is known to deploy eutectic alloy, such as
bismuth alloy, into the annular space and then heat the
alloy so that it melts and flows into the cracks/gaps. The
alloy is thenallowed to cool,wherein it expands to forman
effective seal. This process is described in International
application WO 0194741 A1.
[0009] However there are disadvantages to this ap-
proach, not least because it requires at least a partial
dismantling of the well so that the alloy can be deployed

within the annular space, which can be time consuming
and costly in terms of the down time of the well.
[0010] US 2018/0003001 A1 relates to an apparatus
and amethod for repairing a leaking annular seal located
within an annulus that encircles an oil/gas wellbore tub-
ular body.

Summary of the Invention

[0011] The present invention seeks to provide an alter-
native approach to repairing leaks that may have devel-
oped in an existing annular seal that is located in an
annular space encircling a tubular body within an oil/gas
wellbore. Typical annular seals include cement seals and
annular packers. The invention is definedby claims1and
9; other aspects of the invention are given in the depen-
dent claims 2 to 8 and 10 to 18.
[0012] In a first aspect of the present invention there is
provided a method of repairing a leaking annular seal
located within an annulus that encircles an oil/gas well-
bore tubular body, said method comprising: deploying a
heating tool comprising at least one heater downhole via
the tubular body to a downhole target region that is
proximal to the annular seal; positioning a deflector in
thedownhole target region so that the deflector is up-hole
of the annular seal and the heating tool and down-hole of
a portion of the tubular body wall that comprises one or
more openings; delivering alloy beads to the downhole
target region via the tubular body such that the deflector
redirects the alloy beads radially outwards towards said
one or more openings and into the annulus, wherein the
alloy beads accumulate on top of the annular seal; and
operating said heating tool to increase the temperature
within the downhole target region to a temperature that is
sufficient to melt the alloy beads accumulated within the
annulus before allowing themolten alloy to cool and form
an alloy plug that repairs the leaking annular seal.
[0013] Preferably the annular seal being repaired may
comprise an annular packer and/or a cement seal.
[0014] Itwill beappreciated that the terms ’up-hole’ and
’down-hole’ used herein are intended to denote the re-
lative positioning of the various elements present in the
wellbore. That is to say, ’up-hole’ denotes that a first
element is closer to the surface of the wellbore than a
second element, (i.e. the first element is located between
the surface and the second element).
[0015] Conversely, ’down-hole’ denotes that the first
element is further away from the surface of the wellbore
than the second element (i.e. the second element is
located between the surface and the first element).
[0016] Rather than deploying the alloy downhole from
the surface of the wellbore via the annulus that houses
the annular seal that is to be repaired, the method of the
present invention utilises the innermost wellbore tubular
body to achieve the majority of the alloy’s journey to a
downhole target region. In this way it is possible to make
use of the cleaner internal diameter of the innermost
tubular body, which typically has less restrictions than
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theannulus not least due to theabsenceof couplings that
project into the annulus.
[0017] In the case of couplings, which occur at the
points when consecutive well tubulars are joined, alloy
beads that are deployed down the annulus can land on
the upper surfaces of the couplings and in so doing be
prevented from reaching thedownhole target region. The
loss of alloy beads in transit due to obstructionswithin the
annulus can be significant over the full distance from the
surface to the target region.
[0018] It is only once thealloy reaches thevicinity of the
up-hole face of the annular seal (i.e. the downhole target
region), that is to say the face of the annular seal that is
closest to the surface of the wellbore, that the alloy
passes into the annulus.
[0019] The passage of the alloy (which is provided in
the form of beads, balls or shot) through the wall of the
innermost tubular body into the annulus is achieved via
one or more openings provided in the tubular body at a
location that is up-hole of the annular seal.
[0020] It is envisioned that in the broadest applications
of the method of the invention the passage of the alloy
beads through the tubular body is achieved via pre-ex-
isting openings. Examples of pre-existing openings in-
clude valves, such as: sliding sleeve valves, gas lift
mandrel valves, and pressure diverter subs. With that
said it is also envisioned that in those situations where
there are no suitable pre-existing openings, hole making
equipment may be employed to create one or more
openings in the tubular body.
[0021] In order to direct the alloy beads fromwithin the
tubular body to the annulus via said one or more open-
ings, the method employs a deflector that is also deliv-
ered downhole via the tubular body to a location that is
down-hole of said one or more openings.
[0022] The positioning and configuration of the deflec-
tor is such that when the alloy beads are deployed within
the tubular body they contact the deflector and are re-
directed radially outwards towards said one or more
openings and out into the annulus, wherein the alloy
beads accumulate on top of the up-hole face of the
annular seal.
[0023] Aheating tool, which is alsodeployeddownhole
via the tubular body, is operated to increase the tempera-
ture within the target region to a level that is sufficient to
melt the alloy beads. Following the operation of the
heating tool the molten alloy is allowed to cool, wherein
the alloy solidifies within the annulus as an alloy plug that
effectively repairs any leaks within the annular seal.
[0024] The method of the present invention is consid-
ered particularly suitable for use in a single trip annular
seal repair. That is to say, the various stages of the repair
method can be achieved using a single annular seal
repair assembly that is deployeddownholevia the tubular
body only once.
[0025] Although the heating tool can be deployed to
any location that is within heating range of the up-hole
face of the annular seal, preferably said heating tool is

deployed to a location within the wellbore tubular body
that is proximal to and up-hole of the annular seal.
[0026] Preferably the heating tool comprises multiple
heaters that are operated independently to provide heat
at different times. This use of multiple, independently
controllable heaters provides the operator with much
greater control of the heating levels within the downhole
target region.
[0027] Further preferably, said heaters are indepen-
dently operated to: a) commence generating heat before
the heating tool reaches the downhole target region; b)
pre-heat the alloy beads before they are redirected into
the annulus by the deflector; c) pre-heat the downhole
target region before the alloy beads are accumulated on
top of the annular seal; d) provide the alloy melting
temperature within the downhole target region after the
alloy beads have begun to accumulate on top of the
annular seal; and/or e) provide the alloymelting tempera-
ture within the downhole target region once the alloy
beads have accumulated on top of the annular seal.
[0028] Preferably the heating tool and the deflector are
provided as an annular seal repair tool assembly that is
deployeddownhole via a commondelivery support that is
connected to delivery means located above-ground at
the surface of the wellbore.
[0029] Once again, using an annular seal repair tool
assembly that combines all of the main tools required to
carry out the main steps of the repair method facilitates
the formationofanalloyplugwithin theannulus inasingle
trip. Achieving the deployment of an alloy plug using a
single combined assembly has the potential to speed up
the repair processbyavoiding theneed for deploying and
retrieving a different tool for each step of themethod. The
single trip approach thereby offers cost efficiencies as a
result of the quicker repair times and the need for fewer
downhole tool deployments.
[0030] Further preferably thecommondelivery support
used to deploy the annular seal repair tool downholemay
be selected from: coiled tubing, pipe, slick line and wire-
line.
[0031] Preferably the delivery of the alloy beads may
beachieved by dumping the alloy beads into thewellbore
tubular body from a location above-ground at the surface
of the wellbore. This approach has the benefit of being
relatively low cost, because the alloy beads are simply
dropped into the innermost tubular body.
[0032] Alternatively, thedeliveryof thealloybeadsmay
be achieved by a dump bailer deployed downhole via the
tubular body, said dumpbailer forming part of the annular
seal repair tool assembly. This approach has the benefit
of providing a more controlled deployment of the alloy
beads onto the deflector.
[0033] In a further alternative, the delivery of the alloy
beads may be achieved via the coiled tubing or pipe that
is used to deploy the annular seal repair tool assembly
downhole. As with the dump bailer approach, this ap-
proach provides a more controlled deployment of the
alloy beads onto the deflector.
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[0034] As noted above, in its broadest application the
method of the present invention makes use of pre-exist-
ing openings in the well bore tubular body to facilitate the
passageof the alloy beads fromwithin the tubular body to
the surrounding annulus.
[0035] However, in situationswhere there are either no
pre-existing openings in the wall of the tubular body, or
the pre-existing openings are unsuitable to enable the
passage of the alloy beads, the method may preferably
further comprise forming one or more openings in the
portion of the tubular body wall that is located up-hole
from theannular seal,wherein saidoneormoreopenings
are formed prior to the delivery of the alloy beads using a
holemaking tool that forms part of the annular seal repair
tool assembly.
[0036] Preferably the downhole target region may be
agitated in order to assist the passage of the alloy beads
through said one or more openings into the annulus.
[0037] It will be appreciated that although the suitable
openings will be big enough to allow the alloy beads to
pass through the wall of the tubular body, when large
amounts of alloy beads are deployed at once blockages
may occur. Agitating the downhole target region will help
to shake the alloy beads through openings so that they
can reach the surrounding annulus.
[0038] Preferably the deflector is vibrated to agitate the
downhole target region. Additionally, or alternatively, the
tubular body is vibrated to agitate the downhole target
region. Employing either agitation approach, or indeed
both approaches at the same time, helps to prevent the
build-up of the alloy beads on the inside of the tubular
body.
[0039] It is envisioned that once the heating tool has
been activated the deflector will also act to reduce the
flowof heating fluids upwardswithin the tubular body and
in so doing reduce the amount of heat being lost from the
downhole target region. Reducing heat loss in this way
also helps to make more efficient use of the heating tool.
[0040] With that said, preferably the deflector may
comprise insulating means configured to restrict the
passage of conducted heat through the deflector. In this
way the deflector not only acts to reduce the amount of
heat lost as a result of heated fluids rising within the
tubular body, but is also prevents heat being transferred
across the deflector via a process of conduction.
[0041] Preferably thedeflectormaybedeployeddown-
hole in an unexpanded or partially expanded state and
then expanded towards the tubular body wall in the
downhole target region so as to increase the extent to
which the deflector redirects the alloy beads. It is appre-
ciated that expanding the deflector in this way will also
further restrict the upward flow of heating fluids within the
wellbore.
[0042] In this way the deflector is easier to deliver
downhole in situations of restricted access (e.g. when
the tubular body is of smaller diameter and/or the tubular
body has one or more obstructions within it).
[0043] Preferably the heating tool comprises one or

more chemical reaction heaters. The chemical reaction
heaters preferably employ thermite or thermite based
mixes for the generation of heat that is suitable to melt
the alloy beads.
[0044] Preferably the alloy beads are provided in the
form of a low melting alloy that has melting point of less
than300°C.These lowmeltingalloysare sometimesalso
referred to as fusible alloys. With that said, it will be
appreciated that in order for the alloy to be capable of
forming a solid alloy plug within the annulus the melting
point of the alloy must not be lower than the normal
temperature in the downhole target region, which is
typically 5 to 50°C.
[0045] Preferably the alloy beads may be provided in
the form of bismuth based alloys. It is envisioned that the
bismuth based alloys may be eutectic or non-eutectic in
nature and may also qualify as low melting alloys.
[0046] In addition to the annular seal repair method of
the first aspect of the present invention, there is provided
a downhole annular seal repair tool assembly according
to a second aspect of the present invention.
[0047] Accordingly, the present invention provides a
downhole annular seal repair tool assembly for use in
forming an alloy plug on an existing annular seal that
substantially encircles an oil/gas wellbore tubular body,
said assembly comprising: a delivery support connection
point, by which the assembly is connectable to delivery
means via a delivery support such that the assembly can
be delivered to and retrieved from a downhole target
region of the wellbore via the tubular body; a heating tool
having at least one heater, said heating tool configured to
increase the temperature within the downhole target
region to temperature that is sufficient tomelt alloy beads
accumulated within the annulus so as to enable the
formation of the alloy plug on the existing annular seal;
and a deflector arranged up-hole of said heating tool,
wherein the deflector is configured to obstruct alloy
beads delivered downhole and redirect them radially
outwards towards the walls of the wellbore tubular body.
[0048] It is envisioned that theassembly canbeused to
deliver the annular seal repair method of the present
invention in a single trip. That is to say, all of the compo-
nents needed to carry out the steps of the described
repair method are either provided by the assembly or
otherwise present without the need to retrieve the as-
sembly and deploy a second tool downhole. As noted
above, the present invention is considered particularly
suitable for repairing leaks in annular cement seals and
annular packers.
[0049] Preferably the heating tool may comprisemulti-
ple heaters that are independently controlled. In this way
eachof theheaters canbeoperated inunisonat thesame
time or separately according to a predetermined se-
quence.
[0050] Preferably the deflector comprises an up-hole
facing surface that comprises at least one sloped region.
In thisway, when the alloy beads hit the deflector they are
re-directed radially outwards towards the wall of the
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tubular body in which said one or more openings are
located.
[0051] Further preferably the up-hole facing surface of
the deflector is cone-shaped or domed. Further, the apex
of the cone or the dome is preferably located on a central
axis running through the deflector.
[0052] Additionally or alternatively the assembly may
further comprise an agitation mechanism configured to
agitate and/or vibrate the downhole target region of the
wellbore. As detailed above, agitating the downhole tar-
get region helps to prevent the alloy beads from becom-
ing jammed in said one or more openings in the tubular
bodywall, whichwould otherwise prevent the alloy beads
from passing through into the annulus.
[0053] Preferably the agitation mechanism is config-
ured to vibrate the deflector. Alternatively or additionally
the agitation mechanism is configured to vibrate the
tubular body within the downhole target region of the
wellbore.
[0054] Preferably thedeflectormaybeconfigured tobe
expandable radially outwards towards the tubular body
wall. In this way the deflector can be delivered downhole
in a smaller form and then, once in position, increased in
size to make it more effective at re-directing the alloy
beads.
[0055] Further preferably the mechanism by which the
expansion of the deflector is achieved is selected from
hydraulic means, pneumatic means, mechanical means
and combinations thereof.
[0056] In particular, in the case of amechanical expan-
sion means, the deflector may preferably be urged to
expand and/or contract by way of one or more resilient
biasing means. Further preferably the deflector may
comprise a canopy of flexible material connected to an
umbrella spring mechanism.
[0057] Preferably the deflector may comprise insulat-
ing means configured to restrict the passage of con-
ducted heat through the deflector. As detailed above,
providing the deflector with insulating properties helps
to reduce the amount of heat lost from the downhole
target region. This in turn helps to make more efficient
use of the heat generated by the heating tool.
[0058] Preferably theassemblymay further comprisea
delivery support selected from: coiled tubing, pipe, slick
line and wireline.
[0059] In situationswhere the delivery support is either
coiled tubing or pipe, preferably such delivery supports
are configured to deliver alloy beads to the downhole
target region of the wellbore. In this way the alloy beads
can be delivered onto the deflector via the same coiled
tubing/pipe that is used to deploy the deflector and the
heating tool.
[0060] Alternatively, the assembly may further com-
prise alloy bead delivery means in the form of a dump
bailer arranged up-hole of the deflector and said heating
tool. In this way the alloy beads can be delivered down-
hole on-board the assembly and then, once the deflector
is in position adjacent to said one ormore openings in the

wall of the tubular body, released onto the deflector.
[0061] As noted above, it is envisioned that the alloy
beads may also be simply dumped onto the deflector
from a location at the surface of the wellbore. In such
situationsneither thedumpbailer nor thespecificdelivery
supports are essential.
[0062] In those situations where the tubular body wall
does not include suitable openings to facilitate the pas-
sage of the alloy beads out of the tubular body into the
annulus, it is envisioned that it will be necessary to form
openings in the wall of the tubular body before the alloy
beads are deployed.
[0063] With this aim in mind the assembly of the pre-
sent invention preferably further comprises hole making
equipment configured to form one ormore opening in the
walls of the wellbore tubular body.
[0064] In this regard, the hole making equipment is
preferably selected from: a drill, a mechanical punch, a
perforating gun, a saw or any other suitable cutting tools
such as chemical cutters and fluid jet cutters.
[0065] Preferably theassemblymay further comprisea
junk basket positioned at a leading end of the assembly.
In this way, any material that may fall down hole from the
downhole target region can be caught. The junk basket is
considered particularly useful for catching any alloy
beads that are not re-directed into the annulus by the
deflector. With that said, another material that might be
caught is the swarf created by the operation of the hole
making equipment.
[0066] Preferably theheating toolmaycomprise oneor
more chemical reaction heaters. The chemical reaction
heaters preferably employ thermite or thermite based
mixes for the generation of heat that is suitable to melt
the alloy beads.

Brief Description of the Drawings

[0067] Thevariousaspectsof thepresent inventionwill
now be described with reference to the preferred embo-
diments shown in the drawings, wherein:

Figure 1 showsadiagrammatic representation of the
key stages of an annular seal repair method accord-
ing to a first preferred embodiment of the present
invention;

Figure 2 showsadiagrammatic representation of the
key stages of an annular seal repair method accord-
ing to a second preferred embodiment of the present
invention;

Figure 3 showsadiagrammatic representation of the
key stages of an annular seal repair method accord-
ing to a third preferred embodiment of the present
invention; and

Figure 4 shows a preferred embodiment of the de-
flector used in the annular seal repair tool assembly
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of the present invention.

Detailed Description of the Preferred Embodiments

[0068] The annular seal repair method of the present
invention will now be described with reference to the
various preferred embodiments shown in the figures.
Each embodiment employs an annular seal repair tool
assembly that comprises the core components of a heat-
ing tool and a deflector, wherein the deflector is located
up-hole of the heating tool. In addition, the annular seal
repair tool assembly shown in each embodiment com-
prises certain other preferable components.
[0069] It should be appreciated from the outset that
assemblies shown in the figures are not intended to be
limiting, but rather to demonstrate examples of how
certain preferred components work in combination with
the core components to help repair an annular seal, such
as an annular packer, in a single trip.
[0070] It is envisioned that the preferred components
described below can be used in a range of combinations,
andnot in just those shown, provided theheating tool and
the deflector are present in the assembly.
[0071] Figure 1 shows the application of the annular
seal repair method of the present invention in a wellbore
target region where only a single annulus is present. The
annulus 3 is defined by the outer casing 1 and the inner
tubular body 2. Within the annulus 3 is provided an
annular packer 4. The annular packer 4 shown in Figure
1 has a fault line which is causing the packer 4 to leak,
hence the application of the annular seal repair method.
[0072] In the downhole situation shown in Figure 1, the
wellbore tubular body 2 has pre-openings 5 in the tubing
wall of the inner tubular body. It is envisioned that the pre-
existing holes may be the result of a previous downhole
operation or could be provided by components already
present on the tubular body 2; such as valves (e.g. sliding
sleeve valves, gas lift mandrel valves, and pressure
diverter subs).
[0073] In the first stage of the method shown in Figure
1, the annular seal repair tool assembly 6 is delivered
downhole and brought into close proximity with the pre-
existing openings 5.
[0074] The annular seal repair tool assembly 6 com-
prises a heating tool 7 that is located at the leading end of
the assembly 6 at a position down-hole of a deflector 8.
[0075] The annular seal repair tool assembly 6 is de-
ployeddownholeusinga commondelivery support that is
connected to delivery means located above-ground at
the surface of the wellbore.
[0076] The delivery means are not shown in Figure 1,
but it will be appreciated by the skilled person that stan-
dard delivery means can be utilised to achieve the de-
ployment of the assembly 6 to the downhole target region
in which the openings 5 are located.
[0077] Also, although the delivery support is not shown
in any detail, it will be appreciated that suitable types of
delivery support include coiled tubing, pipe, slick line and

wireline. It is appreciated that any combination of delivery
support and delivery means can be employed provided it
facilitates the controlled deployment of the annular seal
repair tool assembly 6 to the downhole target region via
the interior of the tubular body 2.
[0078] Once in position within the downhole target
region, the deflector 8, which is located down-hole of
the openings 5, is expanded so that is extends radially
outwards towards the surrounding wall of the tubular
body 2.
[0079] It is envisioned that the expansion of the de-
flector 8 can be achieved by way of hydraulic means,
pneumaticmeans,mechanicalmeans and combinations
thereof.
[0080] It is appreciated that deploying the assembly 6
downhole with the deflector 8 in an unexpanded or par-
tially expanded state helps to make the assembly’s pas-
sage easier, particularly in wellbore tubular bodies of
limited diameter and/or which contain obstructions. Re-
ducing the sizeof deflector during transit also reduces the
resistance due to the existing wellbore fluids by allowing
some flow area for the fluid to pass the deflector.
[0081] In addition, deploying the deflector in this way
would also help prevent swabbing of the wellbore tubular
body.
[0082] Further, the expansion of the deflector 8 to-
wards the wall of the tubular body 2 greatly reduces
thepossibility that alloy beads9will fall past theassembly
6 without coming into contact with the deflector 8.
[0083] Once the assembly 6 is in place, and the de-
flector 8 has been expanded, alloy beads 9 are delivered
to the downhole target region. In the preferred embodi-
ment shown in Figure 1 the alloy beads are delivered by a
process of dumping the alloy beads into the wellbore
tubular body 2 at the surface of the wellbore above
ground (not shown).
[0084] The dumped alloy beads 9 fall down the well-
bore via the inner tubular body until they come into
contact with the deflector 8, at which point they are re-
directed radially outward towards the openings 5 in the
wellbore tubular body 2 and out into the annulus 3. The
alloy beads 9 then accumulate on the up-hole surface of
the annular packer 4.
[0085] In the broadest sense of the present invention
the alloy beads can be formed from any alloy, provided
the alloy melts at a temperature above that found within
thedownholeenvironment (e.g. around5 to50°C).This is
important because it enables the alloy to form a stable
solid plug within the annulus.
[0086] Preferably, however, the alloy beads 9 are
formed from a low melting alloy that has a melting point
that is no more than about 300°C and which further
preferably comprises bismuth. Bismuth is preferred com-
ponent because it its alloys tend to contract uponmelting
and expand upon re-solidification, which is considered
beneficial when forming alloy plugs.
[0087] Typically the alloy beads will have a diameter in
the range of 0.76 to 127mm (about 0.030 to 0.5 inches).
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However, ultimately the size of the beads will be deter-
mined by the openings in the tubular body wall and any
other restrictions thatmight exist because thealloybeads
must be able to pass downhole and through the openings
into the annulus with relative freedom.
[0088] In the embodiment shown in Figure 1 it can be
seen that the deflector 8 has an upper face that is dome-
shaped such that alloy beads striking the deflector are re-
directed radially outward. It is appreciated that the upper
surface of the deflector may comprise different shapes,
ranging fromcone-shaped to single flat sloped faces, and
that any face shapes that help re-direct the alloy beads
towards the tubular body wall are preferable.
[0089] With that said, it is not considered essential for
the upper face of the deflector to be sloped because the
process of redirecting the alloy beads towards the wall of
the tubular body could also be achieved by agitating the
downhole target region to help shake the alloy beads
through theopenings and into theannulus (seeFigure 3).
[0090] Once the alloy beads 9 have been delivered
downhole and re-directed into the annulus 3 through the
openings 5 by the deflector 8, heat generated by the
heating tool 7 causes the alloy beads to melt.
[0091] Although the heating tool 7 shown in Figure 1
comprises only a single heater, it is envisaged that the
heating tool 7 may comprise multiple individually oper-
able heaters. Employing multiple heaters in this way
provides the option to operate the heaters sequentially
or in unison to achieve different heating programs.
[0092] For example, one possible heating program
might employ a first heater to preheat but not necessarily
melt the alloy beads before they are deployed onto the
deflector. Once the pre-heated alloy beads have been
delivered to the annulus via the deflector a second heater
couldbeoperated toensurecompletemeltingof thealloy.
This is considered particularly beneficial in the downhole
environments where there is a significant difference be-
tween the ambient temperature in the target region and
the melting point of the alloy.
[0093] However, in the embodiment shown the heating
tool 7 comprises a single heater that is operated once the
whole load of alloy beads has been delivered to the
annulus 3. Preferably the heating tool comprises at least
one chemical heater that generates heat from a thermite
based reaction. With that said, alternative heat sources
will be appreciated by the skilled person.
[0094] Once the alloy beads have been heated for a
suitable length of time (for example 2 hours) the molten
alloy is allowed to cool and as it does the alloy resolidifies
on top of the existing annular packer 4 to form a plug 10
which acts to seal any fissures/cracks in the packer.
[0095] Once the alloy beads have been sufficiently
melted the annular seal repair tool assembly 6 can be
retrieved from the wellbore using the common delivery
support and the above-ground delivery means.
[0096] Turning now to Figure 2, a second preferred
embodiment of the method of the present invention will
now be described. The downhole target region shown in

Figure 2 comprises two annuli. The first annulus is de-
fined by the outer casing 1 and the intermediate well
tubing 2a and the second annulus 3 is defined by the
intermediatewell tubing 2a and thewellbore tubular body
2. In this shown example the failing annular packer 4 is
provided in the second annulus.
[0097] In further contrast to the situation shown in
Figure 1, there are nopre-existing openings in the tubular
body 2 wall. As a result, this embodiment of the annular
seal repair method requires that openings are formed in
the tubularbody2before thealloybeadscanbedelivered
into the annulus.
[0098] To this end, the annular seal repair tool assem-
bly 11 employed in this embodiment of the repair method
is provided with an alternative construction to that shown
in Figure 1. With that said, the heating tool 7 and the
deflector (albeit in a different form 12) are maintained in
the assembly 11.
[0099] In particular the annular seal repair tool assem-
bly11comprisesaheating tool 7withadeflectormounted
above it in an up-hole location. In addition, hole making
equipment 13 is provided up-hole of both the heating tool
and the deflector.
[0100] It is appreciated that the positioning of the hole
making equipment on the assembly may vary from one
embodiment to the next without departing from the gen-
eral concept of the present invention.
[0101] Preferably the hole making equipment 13 is in
the formof aperforationgun.However it is envisaged that
other suitable types of hole making equipment that might
alternatively be employed to form the required openings
in the wall of the tubular body 2 include a drill, a mechan-
ical punch, a saw or indeed any other suitable cutting
tools such as chemical cutters.
[0102] At the leadingendof the assembly 11, below the
rest of the assembly’s components is provided a junk
basket 14. In thepreferredembodiment the junkbasket is
configured to be expandable towards the tubular body
wall so as to maximise its ability to capture any materials
that fall past the assembly 11 during the operation of the
repair method.
[0103] In the first stage of the shown method the as-
sembly is delivered down hole to the downhole target
region. As with the assembly 6 shown in Figure 1, the
delivery can be achieved using a range of common
support devices and above-ground delivery means. As
such, the comments made regarding the delivery of the
annular seal repair tool assembly of Figure 1alsoapply to
the assembly shown in Figure 2.
[0104] The positioning of the assembly 11 in the first
stage is such that, when the hole making equipment is
operated, the one ormore openings 15 that are formed in
a portion of the tubular bodywall that is located up-hole of
the annular packer 4.
[0105] Oncesufficient openingshavebeen formed, the
assembly 11 can be partially raised back up the wellbore
by the delivery means until the deflector 12 is positioned
adjacent (albeit slightly downhole) theopenings15 ready
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for the second stage of the method.
[0106] In the second stage alloy beads 9 are delivered
to the downhole target region via the tubular body 2. As
before, the alloy beads 9 are dumped downhole from
dumping means located at the surface of the wellbore.
[0107] As with the previously described embodiment
the alloy beads 9 descend the wellbore within the tubular
body and those that strike the deflector 12 are re-directed
towards the openings 15 and out into the annulus 3,
where theyaccumulateon theup-hole faceof theannular
packer 4.
[0108] However, in contrast to the deflector 8 shown in
Figure 1, the deflector 12 employed in the assembly 11
shown in Figure 2 is not expandable. As a result, some of
the alloy beads 9 miss the deflector and continue to
descend past the heating tool 7. In such situations the
alloybeads9 that arenot redirected into theannulus3are
caught by the junk basket 14 located at the leading end of
the assembly 11.
[0109] As in the method of the first embodiment de-
scribed above, the heating tool 7 is operated to heat the
downhole target region to a temperature that is sufficient
to melt the alloy beads 9. Once melted, the alloy beads
are allowed to cool and re-solidify to form an alloy plug 10
within the annulus 3, which sits on top of the annular
packer 4 and seals any leaks therein.
[0110] The annular seal repair tool assembly 11 can
then be retrieved from the wellbore using the above-
ground delivery means.
[0111] Figure 3 show a third preferred embodiment of
the annular seal repair method of the present invention.
As will Figure 2, the downhole target region comprises
two annuli. Also, as with Figure 1, the inner wellbore
tubular body 2 is provided with pre-existing openings
5. It will be appreciated that if the openings were not
present, orwereunsuitable to facilitate thepassageof the
alloy beads from the tubular body to the annulus, hole
making equipment could be employed on the annular
seal repair tool assembly 20.
[0112] With that said, the annular seal repair tool as-
sembly 20 employed in the method shown in Figure 3
comprisesaheating tool 7withadeflectormounted to it in
an up-hole location. It is appreciated that the clearance
between theheating tool 7 and the deflector 22 can range
from 0 to 20metres. This preferred range is applicable to
all of the embodiments described herein.
[0113] Unlike the deflectors shown in Figures 1 and 2,
the deflector 22 provided on the assembly employed in
the method shown in Figure 3 does not have a sloped
upper face. Instead the deflector is provided with agita-
tion means that are configured to shake the alloy beads
towards the openings 5 and into the annulus 3.
[0114] As with the deflector shown in Figure 1, the
deflector 22 shown in Figure 3 is configured to be ex-
pandable radially outwards towards the tubular body
wall; possibility in a manner similar to than achieved by
a bridge plug.
[0115] Further, it is envisaged that the deflector may

comprise heat insulating means that are configured to
minimise the passage of heat through the deflector 22. In
thisway the deflector can serve a dual purpose of achiev-
ing alloy bead re-direction and also lowering the amount
of heat lost from the downhole target region due to the
upward flow of heated wellbore fluids.
[0116] In particular, it is noted that by at least partially
occluding the tubular body 2 with the deflector it is pos-
sible to reduce the extent to which fluids heated by the
operation of the heating tool are lost up-hole. In this way
heat is retained locally and the overall efficiency of the
heating tool is improved.
[0117] Although this benefit is achieved to a greater or
lesser extent by all of the deflectors employed in the
method of the present invention, it is also appreciated
that further heat retaining benefits may be achieved by
providing the deflector with heat insulatingmeans. In this
way heat lost by conduction through the deflector is also
reduced. In view of this it is envisaged that suitable heat
insulation means could be employed in any of the de-
flectors shown in the preferred embodiments described
above.
[0118] In addition to the heating tool and the deflector,
the assembly 20 is provided with a dump bailer 21. The
dump bailer 21 is located up-hole of both the deflector 22
and the heating tool 7. The dump bailer is used to deliver
the alloy beads down hole with the assembly so that the
alloy can be deployed locally onto the deflector rather
than by dumping the alloy from the surface of the well-
bore.
[0119] Turningnow toFigure 3, it will be seen that in the
first stage the assembly 20 is deployed down hole to the
downhole target region and the unexpanded deflector 22
is positioned at a location that is up-hole of the annular
packer 4 and down-hole of the openings 5 in the tubular
body 2. Once in position the deflector 22 is expanded
towards the tubular body. Again this can be achieved by
hydraulic means, pneumatic means, mechanical means
and combinations thereof.
[0120] Following the expansion of the deflector 22, the
dump bailer 21 can be operated and the alloy beads can
be deployed onto the upper face of the deflector 22.
Although some of the alloy beads will naturally pass
through the openings 5, the redirection of the majority
of the alloy beadswill be achievedby theapplication of an
agitating force within the downhole target region.
[0121] In the shown embodiment the agitation force is
provided by vibrating the deflector 22 to shake the alloy
beads through the openings 5. However, it is envisaged
that the tubular bodymay also be agitated either alone or
in combination with the deflector to assist the re-direction
of the alloy beads towards the openings in the wall of the
tubular body and into the annulus.
[0122] Although the described embodiments show the
deflectors are being either shaped (e.g. domed-shaped,
cone-shaped) so as to re-direct alloy beads towards the
openings or subject to vibrations to agitate the alloy
beads, it is envisioned that both approachesmaybeused

5

10

15

20

25

30

35

40

45

50

55



9

15 EP 4 248 059 B1 16

in concert to facilitate efficient re-direction of the alloy
beads into the annulus 3.
[0123] Following the delivery of the alloy beads 9, the
heating tool is operated to melt the alloy within the annu-
lus. As before, the molten alloy is left to cool and re-
solidify to form an alloy plug within the annulus on top of
the existing annular packer.
[0124] The operation of the deflector will now be de-
scribed with reference to Figure 4, which shows a partial
viewof a preferred embodiment of the annular seal repair
tool assembly 30 of the present invention in both an
unexpanded state and an expanded state in which the
deflector extends beyond the outer diameter of the heat-
ing tool 32.
[0125] It will be appreciated that although only the
deflector 31 and the heating tool 32 (in part) are shown
in Figure 4, the other preferred components described
above could also be combined with the described as-
sembly 30.
[0126] The heater 11, of which only the uppermost
portion is shown, is provided with a setting tool 33 that
essentially houses the control mechanisms for operating
the heater (e.g. ignition means in the case of a chemical
heater).
[0127] The setting tool is then connected via a delivery
support connection point 34 to a delivery support, which
is shown as a wireline 35 but could be any suitable
connection line, pipe or coil. The deflector 31 is located
between the connection point 34and the setting tool 33 of
the heater 32.
[0128] The deflector 31 comprises a central shaft 36
that is connectedbetween thesetting tool 33of theheater
32 and the delivery support connection point 34. A collar
37 is fixed in position on the shaft 36. Attached to the
collar 37 is a web of flexible material 38 that essentially
forms a canopy that is capable of changing shape to
accommodate the expansion and contraction of the de-
flector 31.
[0129] It will be appreciated that the flexible material
should be resistant to the downhole environment within
which the assembly 30 is to be deployed. It is envisaged
that a suitable flexiblematerial for use in the deflector is a
heat resistant canvas or a silicone rubber. However the
skilled person will appreciate that other flexible materials
could suitably be employed.
[0130] The deflector 31 further comprises a plurality of
resiliently biased expansion bands 40 that are secured at
their respective ends to the connection point 34 and a
moveable collar 39, which is slidably mounted on the
central shaft 36. In this way the unsecured middle por-
tions of the bands are free to bend and flex in a radial
direction relative to the central shaft.
[0131] It is envisaged that the resiliently biased expan-
sion bands 40 may be formed from flexible strips of a
suitable spring metal. However the skilled person will
appreciate that an alternative resilient material may be
employed without departing from the scope of the pre-
sent invention.

[0132] In the preferred embodiment the moveable col-
lar 39 is urged away from the setting tool 33 by way of
actuation means 41, which may take the form of a coiled
spring. It is envisaged that the actuationmeans 41 canbe
used to control the distance between the connection
point 34 and the collar 39, which in turn will control the
extent towhich the resiliently biased expansion bands 40
can be deformed.
[0133] In this regard the actuation means 41 can limit
the extent to which the collar 39 can move up and down
the central shaft, which in turn limits the extent to which
deflector 31 can be expanded or contracted.
[0134] The central portion of the canopy of flexible
material 38 is attached to the fixed collar 37 whilst the
periphery of the canopy is attached toeachof theplurality
of resiliently biased expansion bands 40. By connecting
the flexible material to the middle portions of the resili-
ently biased expansion bands 40, the deflector can be
operated to expand and contract the flexible material so
that the extent to which it can deflect the alloy beads is
varied and also restrict the flow of fluid past the deflector.
[0135] When the resiliently biasedexpansionbands40
are forced radially outwards they pull the flexiblematerial
outwards to form an expanded blocking structure that
may extend across a large portion, if not all, of the inner
diameter of the wellbore tubular body. Also, when the
resiliently biased expansion bands 40 move radially in-
wards they pull in the flexible material and contract the
deflector 31.
[0136] It is envisaged that preferably, at rest, the bands
40 will extend outwards beyond the outer diameter of the
rest of the heater assembly 32 so that the canopy of
flexible material will at least partially block the borehole
and, in so doing, restrict the flow of fluids within the
borehole.
[0137] However, the flexible nature of the bands allows
the deflector to compress, as necessary, to accommo-
date narrowed portions of the borehole that might be
encountered during the annular seal repair tool assem-
bly’s deployment. Once past the narrowed portion of a
borehole, the resilient nature of the bands will cause the
baffle to once again return to its expanded state, in which
the deflector restricts the movement of alloy beads and
fluid within the wellbore tubular body.
[0138] It is further envisaged that, in use, the canopy
may be caused to expand even further under the influ-
ence of heated fluids rising within the borehole. That is
rising fluid could become trapped by partially opened
canopy and then urge it to open further.
[0139] In analternativearrangement of themechanical
arrangement shown in Figure 4, the actuation means 41
may be operated to force moveable collar 39 to slide up
the shaft 36, thereby urging the resiliently biased expan-
sion bands 40 outwards and opening the canopy.
[0140] It is envisaged that this arrangement could be
employed in embodiments where the deflector’s default
position in the unexpanded state.
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Claims

1. A method of repairing a leaking annular seal (4)
locatedwithin anannulus (3) that encircles anoil/gas
wellbore tubular body (2), said method comprising:

deploying a heating tool (7, 32) comprising at
least one heater downhole via the tubular body
to a downhole target region that is proximal to,
and preferably up-hole of, the annular seal (4);
positioning a deflector (8, 12, 22, 31) in the
downhole target region so that the deflector is
down-hole of a portion of the tubular body wall
that comprises one or more openings (5);
delivering alloy beads (9) to the downhole target
region via the tubular body (2) such that the
deflector (8, 12, 22, 31) redirects the alloy beads
(9) radially outwards towards said one or more
openings (5) and into the annulus (3), wherein
thealloy beadsaccumulate on topof the annular
seal (4); and
operating said heating tool (7, 32) to increase
the temperature within the downhole target re-
gion to a temperature that is sufficient tomelt the
alloy beads (9) accumulated within the annulus
(3) before allowing the molten alloy to cool and
form an alloy plug (10) that repairs the leaking
annular seal (4); and
characterised by positioning the deflector (8,
12, 22, 31) in the downhole target region so that
the deflector is up-hole of the annular seal (4)
and the heating tool (7, 32).

2. The method of claim 1, wherein the heating tool (7,
32) comprises multiple heaters that are operated
independently to provide heat at different times;
wherein preferably said heaters are independently
operated to:

a) commence generating heat before the heat-
ing tool (7, 32) reaches the downhole target
region;
b) pre-heat the alloy beads (9) before they are
redirected into the annulus (3) by the deflector
(8, 12, 22, 31);
c) pre-heat the downhole target region before
thealloy beads (9) areaccumulatedon topof the
annular seal (4);
d) provide the alloy melting temperature within
the downhole target region after the alloy beads
(9) have begun to accumulate on top of the
annular seal (4); and/or
e) provide the alloy melting temperature within
the downhole target region once the alloy beads
(9) have accumulated on top of the annular seal
(4).

3. The method of any one of claims 1 to 2, wherein the

heating tool (7, 32) and the deflector (8, 12, 22, 31)
are provided as an annular seal repair tool assembly
(6, 11, 20, 30) that is deployed downhole via a
common delivery support that is connected to deliv-
ery means located above-ground at the surface of
the wellbore; and
wherein preferably the common delivery support
used to deploy the annular seal repair tool assembly
downhole is selected from: coiled tubing, pipe, slick
line and wireline.

4. The method of any one of claims 1 to 3, wherein the
delivery of the alloy beads (9) is achieved by either:

a) dumping the alloy beads (9) into the wellbore
tubular body (2) froma location above-ground at
the surface of the wellbore;
b) a dump bailer (21) deployed downhole via the
tubular body (2), said dumpbailer formingpart of
the annular seal repair tool assembly (20); or
c) the coiled tubing or pipe that is used to deploy
the annular seal repair tool assembly downhole.

5. The method of any one of the preceding claims,
further comprising forming one or more openings
(5) in the portion of the tubular body wall that is
located up-hole from the annular seal (4), wherein
said one or more openings are formed prior to the
delivery of the alloy beads (9) using a hole making
tool that forms part of the annular seal repair tool
assembly (11).

6. The method of any one of the preceding claims,
wherein the downhole target region is agitated in
order to assist the passage of the alloy beads (9)
through said one or more openings (5) into the
annulus (3);
wherein preferably the deflector (8, 12, 22, 31) an-
d/or the tubular body (2) is vibrated to agitate the
downhole target region.

7. The method of any one of the preceding claims,
wherein the deflector (8, 12, 22, 31) comprises in-
sulating means configured to restrict the passage of
conducted heat through the deflector; and/or
the deflector (8, 22, 31) is deployed downhole in an
unexpanded or partially expanded state and then
expanded towards the tubular bodywall in the down-
hole target region so as to increase the extent to
which the deflector redirects the alloy beads (9).

8. The method of any one of the preceding claims,
wherein the alloy beads (9) are provided in the form
of a low melting alloy that has melting point of less
than 300°C; and wherein preferably the alloy beads
are provided in the form of a bismuth based alloy.

9. A downhole annular seal repair tool assembly (6, 11,
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20, 30) for use in forming an alloy plug (10) on an
existing annular seal (4) that substantially encircles
an oil/gas wellbore tubular body (2), said assembly
comprising:

adelivery support connectionpoint, bywhich the
assembly is connectable to deliverymeans via a
delivery support such that the assembly can be
delivered to and retrieved from a downhole tar-
get region of the wellbore via the tubular body
(2);
a heating tool (7, 32) having at least one heater,
said heating tool configured to increase the
temperature within the downhole target region
to temperature that is sufficient to melt alloy
beads (9) accumulated within the annulus (3)
so as to enable the formation of the alloy plug
(10) on the existing annular seal (4); and
characterised by a deflector (8, 12, 22, 31)
arranged up-hole of said heating tool (7, 32),
wherein the deflector is configured to obstruct
alloy beads (9) delivered downhole and redirect
them radially outwards towards the walls of the
wellbore tubular body.

10. The assembly of claim 9, wherein the heating tool (7,
32) comprises multiple heaters that are indepen-
dently controlled.

11. The assembly of claim 9 or 10, wherein the deflector
(8, 12, 31) comprises an up-hole facing surface that
comprises at least one sloped region; and
wherein preferably the up-hole facing surface of the
deflector is cone shaped and preferably the apex of
the cone is located at the central axis of the deflector.

12. The assembly of any one of claims 9 to 11, further
comprising an agitation mechanism configured to
agitate and/or vibrate the downhole target region
of the wellbore;
wherein preferably the agitation mechanism is con-
figured to vibrate the deflector (8, 12, 22, 31) and/or
the tubular body (2) within the downhole target re-
gion of the wellbore.

13. The assembly of any one of claims 9 to 12, wherein
the deflector (8, 22, 31) is configured to be expand-
able radially outwards towards the tubular bodywall;

wherein preferably themechanism by which the
expansion of the deflector is achieved is se-
lected fromhydraulicmeans, pneumaticmeans,
mechanical means and combinations thereof;
wherein the further preferably deflector is urged
to expand and/or contract byway of one ormore
resilient biasing means; and
wherein yet further preferably the deflector (31)
comprises a canopy of flexible material (38)

connected to an umbrella spring mechanism
(40).

14. The assembly of any one of claims 9 to 13, wherein
the deflector (8, 12, 22, 31) comprises insulating
means configured to restrict the passage of con-
ducted heat through the deflector.

15. The assembly of any one of claims 9 to 14, further
comprising a delivery support selected from: coiled
tubing, pipe, slick line and wireline;
wherein preferably the delivery support is either
coiled tubing or pipe and such are configured to
deliver alloy beads to the downhole target region
of the wellbore.

16. The assembly of any one of claims 9 to 14, further
comprisingalloy beaddeliverymeans in the formof a
dump bailer (21) arranged up-hole of the deflector
(22) and said heating tool (7).

17. The assembly of any one of claims 9 to 16, further
comprising hole making equipment (13) configured
to form one or more opening in the walls of the
wellbore tubular body;
wherein preferably the hole making equipment is
selected from: a drill, a mechanical punch, a perfor-
ating gun, a saw or any other suitable cutting tools
such as chemical cutters and fluid jet cutters.

18. The assembly of any one of claims 9 to 17, further
comprising a junk basket (14) positioned at a leading
end of the assembly.

Patentansprüche

1. Verfahren zum Reparieren einer undichten ringför-
migen Dichtung (4), die sich innerhalb eines Ring-
raums (3) befindet, der einen Öl‑/Gasbohrlochrohr-
körper (2) umschließt, wobei dasVerfahren umfasst:

Einbringen eines Heizwerkzeugs (7, 32) umfas-
send mindestens ein Heizelement lochabwärts
über den Rohrkörper in einen lochabwärtigen
Zielbereich, der nahe und vorzugsweise loch-
aufwärts der ringförmigen Dichtung (4) ist;
Positionieren eines Deflektors (8, 12, 22, 31) in
dem lochabwärtigen Zielbereich, so dass der
Deflektor lochabwärts eines Abschnitts der
Rohrkörperwand ist, der eine oder mehrere Öff-
nungen (5) umfasst;
Zuführen von Legierungskügelchen (9) zu dem
lochabwärtigen Zielbereich über den Rohrkör-
per (2), so dass der Deflektor (8, 12, 22, 31) die
Legierungskügelchen (9) radial nach außen hin
zu der einen oder mehreren Öffnungen (5) und
in den Ringraum (3) umleitet, wobei sich die

5

10

15

20

25

30

35

40

45

50

55



12

21 EP 4 248 059 B1 22

Legierungskügelchen auf der Oberseite der
ringförmigen Dichtung (4) ansammeln; und
Betreiben des Heizwerkzeugs (7, 32), um die
Temperatur innerhalb des lochabwärtigen Ziel-
bereichs auf eine Temperatur zu erhöhen, die
ausreicht, um die innerhalb des Ringraums (3)
angesammelten Legierungskügelchen (9) zu
schmelzen, bevor die geschmolzene Legierung
abkühlen und einen Legierungsstopfen (10) bil-
den kann, der die undichte ringförmigeDichtung
(4) repariert; und
gekennzeichnet durch Positionieren des De-
flektors (8, 12, 22, 31) in dem lochabwärtigen
Zielbereich, so dass der Deflektor lochaufwärts
der ringförmigen Dichtung (4) und des Heiz-
werkzeugs (7, 32) ist.

2. Verfahren nach Anspruch 1, wobei das Heizwerk-
zeug (7, 32) mehrere Heizelemente umfasst, die
unabhängig betrieben werden, um zu unterschied-
lichenZeitenWärmebereitzustellen;wobei vorzugs-
weise die Heizelemente unabhängig betrieben wer-
den zum:

a) Beginnen mit der Wärmeerzeugung, bevor
das Heizwerkzeug (7, 32) den lochabwärtigen
Zielbereich erreicht;
b)Vorwärmender Legierungskügelchen (9), be-
vor sie durch denDeflektor (8, 12, 22, 31) in den
Ringraum (3) umgeleitet werden;
c) Vorwärmen des lochabwärtigen Zielbereichs,
bevor die Legierungskügelchen (9) obenauf der
ringförmigen Dichtung (4) angesammelt wer-
den;
d) Bereitstellen der Legierungsschmelztempe-
ratur innerhalb des lochabwärtigen Zielbe-
reichs, nachdem die Legierungskügelchen (9)
begonnen haben, sich oben auf der ringförmi-
gen Dichtung (4) anzusammeln; und/oder
e) Bereitstellen der Legierungsschmelztempe-
ratur innerhalb des lochabwärtigen Zielbe-
reichs, sobald sich die Legierungskügelchen
(9) oben auf der ringförmigen Dichtung (4) an-
gesammelt haben.

3. Verfahren nach einem der Ansprüche 1 bis 2, wobei
das Heizwerkzeug (7, 32) und der Deflektor (8, 12,
22, 31) als eine Ringdichtungs-Reparaturwerkzeug-
anordnung (6, 11, 20, 30) bereitgestellt werden, die
lochabwärts über einen gemeinsamen Zuführungs-
träger eingebracht wird, der mit Zuführungsmitteln
verbunden ist, die sich über Tage an der Oberfläche
des Bohrlochs befinden; und
wobei vorzugsweise der gemeinsame Zuführungs-
träger, der verwendet wird, um die Ringdichtungs-
Reparaturwerkzeuganordnung lochabwärts einzu-
bringen, ausgewählt ist aus: Rohrschlange, Rohr,
Gleitleitung und Drahtleitung.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
die Zuführung der Legierungskügelchen (9) erreicht
wird durch entweder:

a) Kippen der Legierungskügelchen (9) in den
Bohrlochrohrkörper (2) von einer Stelle über
Tage an der Oberfläche des Bohrlochs;
b) einen Kipper (21), der lochabwärts über den
Rohrkörper (2) eingebracht wird, wobei der Kip-
per Bestandteil der Ringdichtungs-Reparatur-
werkzeuganordnung (20) ist; oder
c) die Rohrschlange oder das Rohr, die/das ver-
wendet wird, um die Ringdichtungs-Reparatur-
werkzeuganordnung lochabwärts einzubrin-
gen.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, ferner umfassend das Bilden einer oder mehre-
rer Öffnungen (5) in dem Abschnitt der Rohrkörper-
wand, der sich lochaufwärts der ringförmigen Dich-
tung (4) befindet, wobei die eine oder mehreren
Öffnungen vor der Zuführung der Legierungskügel-
chen (9) unter Verwendung eines Lochherstellungs-
werkzeugs gebildet werden, das Bestandteil der
Ringdichtungs-Reparaturwerkzeuganordnung (11)
ist.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der lochabwärtige Zielbereich agitiert
wird, um den Durchgang der Legierungskügelchen
(9) durch die eine oder mehreren Öffnungen (5) in
den Ringraum (3) zu unterstützen;
wobei vorzugsweise der Deflektor (8, 12, 22, 31)
und/oder der Rohrkörper (2) vibriert wird, um den
lochabwärtigen Zielbereich zu agitieren.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Deflektor (8, 12, 22, 31) Isolierungs-
mittel umfasst, die dazu konfiguriert sind, denDurch-
gang von geleiteter Wärme durch den Deflektor ein-
zuschränken; und/oder
der Deflektor (8, 22, 31) lochabwärts in einem nicht
expandierten oder teilweise expandierten Zustand
eingebracht und dann hin zu der Rohrkörperwand in
dem lochabwärtigenZielbereichexpandiertwird, um
so das Ausmaß zu erhöhen, in demder Deflektor die
Legierungskügelchen (9) umleitet.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Legierungskügelchen (9) in Form
einer niedrigschmelzenden Legierung bereitgestellt
werden, die einen Schmelzpunkt von weniger als
300 °C aufweist; und wobei vorzugsweise die Legie-
rungskügelchen in Form einer wismutbasierten Le-
gierung bereitgestellt werden.

9. Lochabwärtige Ringdichtungs-Reparaturwerkzeug-
anordnung (6, 11, 20, 30) zur Verwendung beim
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Bilden eines Legierungsstopfens (10) auf einer exis-
tierenden ringförmigen Dichtung (4), die imWesent-
lichen einen Öl‑/Gasbohrlochrohrkörper (2) um-
schließt, wobei die Anordnung umfasst:

einen Zuführungsträger-Verbindungspunkt,
durch den die Anordnung über einen Zufüh-
rungsträger mit Zuführungsmitteln verbindbar
ist, so dass die Anordnung über denRohrkörper
(2) einem lochabwärtigen Zielbereich des Bohr-
lochs zugeführt und aus diesem herausgeholt
werden kann;
ein Heizwerkzeug (7, 32) mit mindestens einem
Heizelement, wobei das Heizwerkzeug dazu
konfiguriert ist, die Temperatur innerhalb des
lochabwärtigen Zielbereichs auf eine Tempera-
tur zu erhöhen, die ausreicht, um innerhalb des
Ringraums (3) angesammelte Legierungskü-
gelchen (9) zu schmelzen, um so die Bildung
des Legierungsstopfens (10) auf der existieren-
den ringförmigen Dichtung (4) zu ermöglichen;
und
gekennzeichnet durch einen Deflektor (8, 12,
22, 31), der lochaufwärts desHeizwerkzeugs (7,
32) angeordnet ist, wobei der Deflektor konfigu-
riert ist zum Blockieren von Legierungskügel-
chen (9), die lochabwärts zugeführtwerden, und
deren Umleitung radial nach außen hin zu den
Wänden des Bohrlochrohrkörpers.

10. Anordnung nach Anspruch 9, wobei das Heizwerk-
zeug (7, 32) mehrere Heizelemente umfasst, die
unabhängig gesteuert werden.

11. Anordnung nach Anspruch 9 oder 10, wobei der
Deflektor (8, 12, 31) eine lochaufwärts weisende
Oberfläche umfasst, die mindestens einen geneig-
ten Bereich umfasst; und
wobei vorzugsweise die lochaufwärts weisende
Oberfläche des Deflektors kegelförmig ist und vor-
zugsweise die Spitze des Kegels an der zentralen
Achse des Deflektors befindlich ist.

12. Anordnung nach einem der Ansprüche 9 bis 11,
ferner umfassend einen Agitationsmechanismus,
der dazu konfiguriert ist, den lochabwärtigen Zielbe-
reich in dem Bohrloch zu agitieren und/oder zu vib-
rieren;
wobei vorzugsweise der Agitationsmechanismus
dazu konfiguriert ist, den Deflektor (8, 12, 22, 31)
und/oder den Rohrkörper (2) innerhalb des lochab-
wärtigen Zielbereichs des Bohrlochs zu vibrieren.

13. Anordnung nach einem der Ansprüche 9 bis 12,
wobei der Deflektor (8, 22, 31) dazu konfiguriert
ist, radial nach außen hin zu der Rohrkörperwand
expandierbar zu sein;

wobei vorzugsweise der Mechanismus, durch
den die Expansion des Deflektors erreicht wird,
aus hydraulischen Mitteln, pneumatischen Mit-
teln, mechanischen Mitteln und Kombinationen
davon ausgewählt ist;
wobei der ferner vorzugsweise Deflektor mittels
eines odermehrerer elastischer Vorspannmittel
zum Expandieren und/oder Kontrahieren ge-
bracht wird; und
wobei noch weiter bevorzugt der Deflektor (31)
eine Abdeckung aus flexiblemMaterial (38) um-
fasst, die mit einem Schirmfedermechanismus
(40) verbunden ist.

14. Anordnung nach einem der Ansprüche 9 bis 13,
wobei der Deflektor (8, 12, 22, 31) Isolierungsmittel
umfasst, die dazu konfiguriert sind, den Durchgang
von geleiteter Wärme durch den Deflektor zu be-
grenzen.

15. Anordnung nach einem der Ansprüche 9 bis 14,
ferner umfassend einen Zuführungsträger, der aus-
gewählt ist aus: Rohrschlange, Rohr, Gleitleitung
und Drahtleitung;
wobei vorzugsweise derZuführungsträger entweder
eine Rohrschlange oder ein Rohr und somit dazu
konfiguriert ist, dem lochabwärtigen Zielbereich des
Bohrlochs Legierungskügelchen zuzuführen.

16. Anordnung nach einem der Ansprüche 9 bis 14,
ferner umfassend Legierungskügelchen-Zufüh-
rungsmittel in Form eines Kippers (21), der lochauf-
wärts des Deflektors (22) und des Heizwerkzeugs
(7) angeordnet ist.

17. Anordnung nach einem der Ansprüche 9 bis 16,
ferner umfassend Lochherstellungsausrüstung
(13), die dazu konfiguriert ist, eine oder mehrere
Öffnungen in denWänden des Bohrlochrohrkörpers
zu bilden;
wobei vorzugsweise die Lochherstellungsausrüs-
tung ausgewählt ist aus: einem Bohrer, einer me-
chanischen Stanze, einer Perforierpistole, einer Sä-
ge oder beliebigen anderen geeigneten Schneid-
werkzeugen wie z. B. chemischen Schneidvorrich-
tungen und Fluidstrahlschneidvorrichtungen.

18. Anordnung nach einem der Ansprüche 9 bis 17,
ferner umfassend einen Abfallkorb (14), der an ei-
nem vorderen Ende der Anordnung positioniert ist.

Revendications

1. Un procédé de réparation d’un joint annulaire fuyant
(4) situé à l’intérieur d’un espace annulaire (3) qui
encercle un corps tubulaire de puits de forage pé-
trolier/gazier (2), ledit procédé comprenant :
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le déploiement d’un outil de chauffage (7, 32)
comprenant aumoinsunélément chauffant vers
le fond de trou via le corps tubulaire vers une
région cible en fond de trou qui est proximale au,
et de préférence enamont du joint annulaire (4) ;
le positionnement d’un déflecteur (8, 12, 22, 31)
dans la région cible en fond de trou demanière à
ce que le déflecteur soit en aval d’une partie de
la paroi du corps tubulaire qui comporte une ou
plusieurs ouvertures (5) ;
la distribution de billes d’alliage (9) à la région
cible en fond de trou via le corps tubulaire (2) de
manière à ce que le déflecteur (8, 12, 22, 31)
redirige les billes d’alliage (9) radialement vers
l’extérieur endirectiondesditesuneouplusieurs
ouvertures (5) et dans l’espaceannulaire (3), les
billes d’alliage s’accumulant au-dessus du joint
annulaire (4) ; et
l’utilisation dudit outil de chauffage (7, 32) pour
augmenter la température à l’intérieur de la
région cible en fond de trou jusqu’à une tempé-
rature suffisante pour faire fondre les billes d’al-
liage (9) accumulées à l’intérieur de l’espace
annulaire (3) avant depermettre à l’alliage fondu
de refroidir et former un bouchon d’alliage (10)
qui répare le joint annulaire fuyant (4) ; et
caractérisépar lepositionnementdudéflecteur
(8, 12,22,31)dans la régioncibleen fondde trou
de manière à ce que le déflecteur soit en amont
du joint annulaire(4) et de l’outil de chauffage (7,
32).

2. Le procédé de la revendication 1, dans lequel l’outil
de chauffage (7, 32) comprend de multiples élé-
ments chauffants qui fonctionnent indépendamment
pour fournir de la chaleur à différents moments ;
lesdits éléments chauffants fonctionnant de préfé-
rence indépendamment pour :

a) commencer à produire de la chaleur avant
que l’outil de chauffage (7, 32) atteigne la région
cible en fond de trou ;
b) préchauffer les billes d’alliage (9) avant qu’el-
les soient redirigées dans l’espace annulaire (3)
par le déflecteur (8, 12, 22, 31) ;
c) préchauffer la région cible en fond de trou
avant que les billes d’alliage (9) s’accumulent
au-dessus du joint annulaire (4) ;
d) fournir la température de fonte de l’alliage à
l’intérieur de la région cible en fond de trou après
que les billes d’alliage (9) ont commencé à
s’accumuler au-dessus du joint annulaire(4) ;
et/ou
e) fournir la température de fonte de l’alliage à
l’intérieur de la région cible en fond de trou une
fois que les billes d’alliage (9) se sont accumu-
lées au-dessus du joint annulaire (4).

3. Le procédé d’une quelconque des revendications 1
ou 2, dans lequel l’outil de chauffage (7, 32) et le
déflecteur (8, 12, 22, 31) sont fournis en tant qu’en-
semble d’outils de réparation de joint annulaire (6,
11, 20, 30) qui est déployé en fond de trou via un
support de distribution commun raccordé à un
moyen de distribution situé hors sol à la surface
du puits de forage ;
le support de distribution commun utilisé pour dé-
ployer l’ensemble d’outils de réparation de joint an-
nulaire en fond de trou étant de préférence sélec-
tionné parmi : un tube spiralé, un tuyau, une ligne
lisse et un câble métallique.

4. Leprocédéd’unequelconquedes revendications1à
3, dans lequel la distribution des billes d’alliage (9)
est obtenue :

a) soit endéversant lesbillesd’alliage (9)dans le
corps tubulaire (2) du puits de forage depuis un
emplacement hors sol à la surface du puits de
forage ;
b) soit par une écope de déversement (21) dé-
ployée en fond de trou via le corps tubulaire (2),
ladite écope de déversement faisant partie de
l’ensemble d’outils de réparation de joint annu-
laire (20) ;
c) soit par le tubespiraléou le tuyauqui servent à
déployer l’ensemble d’outils de réparation de
joint annulaire en fond de trou.

5. Le procédé d’une quelconque des revendications
précédentes, comprenant en sus la formation d’une
ou plusieurs ouvertures (5) dans la partie de la paroi
du corps tubulaire qui est située en amont du joint
annulaire(4), lesdites une ou plusieurs ouvertures
étant forméesavant la distributiondesbillesd’alliage
(9) en utilisant un outil de perçage qui fait partie de
l’ensemble d’outils de réparation de joint annulaire
(11).

6. Le procédé d’une quelconque des revendications
précédentes, dans lequel la région cible en fond
de trou est agitée afin d’aider le passage des billes
d’alliage (9) à travers lesdites une ou plusieurs ou-
vertures (5) et dans l’espace annulaire (3) ;
le déflecteur (8, 12, 22, 31)et/ou le corps tubulaire (2)
étant de préférence mis en vibration pour agiter la
région cible en fond de trou.

7. Le procédé d’une quelconque des revendications
précédentes, dans lequel le déflecteur (8, 12, 22,
31) comprend un moyen d’isolation configuré pour
restreindre le passage de la chaleur de conduction à
travers le déflecteur ; et/ou
le déflecteur (8, 22, 31) est déployé en fond de trou
dans un état non étendu ou partiellement étendu et
ensuite étendu vers la paroi du corps tubulaire dans
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la région cible en fond de trou de manière à aug-
menter lamesure dans laquelle le déflecteur redirige
les billes d’alliage (9).

8. Le procédé d’une quelconque des revendications
précédentes, dans lequel les billes d’alliage (9) sont
fournies en alliage à bas point de fusion dont le point
de fusion est inférieur à 300°C ;
les billes d’alliage étant de préférence fournies sous
la forme d’alliage à base de bismuth.

9. Unensemble d’outils de réparation de joint annulaire
de fond de puits (6, 11, 20, 30) utilisé pour former un
bouchon en alliage (10) sur un joint annulaire exi-
stant (4) qui encercle sensiblement un corps tubu-
laire (2) de puits de forage de pétrole/gaz, ledit
ensemble comprenant :

un point de raccord de support de distribution,
par lequel l’ensemble peut être raccordé au
moyen de distribution via un support de distribu-
tion demanière à ce que l’ensemble puisse être
distribué à et récupéré de la région cible en fond
de trou via le corps tubulaire (2) ;
un outil de chauffage (7, 32) muni d’aumoins un
élément chauffant, ledit outil de chauffage étant
configuré pour augmenter la température à l’in-
térieur de la région cible en fond de trou jusqu’à
une température suffisante pour faire fondre les
billes d’alliage (9) accumulées à l’intérieur de
l’espace annulaire (3) afin de permettre la for-
mation du bouchon d’alliage (10) sur le joint
annulaire existant (4) ; et
caractérisé par un déflecteur (8, 12, 22, 31)
disposé en amont dudit outil de chauffage (7,
32), le déflecteur étant configuré pour obstruer
les billes d’alliage (9) délivrées en fondde trou et
les rediriger radialement vers l’extérieur dans la
direction des parois du corps tubulaire du puits
de forage.

10. L’ensemble de la revendication 9, dans lequel l’outil
de chauffage (7, 32) comprend plusieurs éléments
chauffants qui sont commandés indépendamment.

11. L’ensemble de la revendication 9 ou 10, dans lequel
le déflecteur (8, 12, 31) comprend une surface ori-
entéevers l’amontqui comporteaumoinsune région
inclinée ;
la surface orientée vers l’amont du déflecteur étant
de préférence en forme de cône, et le sommet du
cône étant de préférence situé au niveau de l’axe
central du déflecteur.

12. L’ensemble d’une quelconque des revendications 9
à 11, comprenant en sus un mécanisme d’agitation
configuré pour agiter et/ou faire vibrer la région cible
en fond de trou du puits de forage ;

le mécanisme d’agitation étant de préférence confi-
guré pour faire vibrer le déflecteur (8, 12, 22, 31)
et/ou le corps tubulaire (2) à l’intérieur de la région
cible en fond de trou du puits de forage.

13. L’ensemble d’une quelconque des revendications 9
à 12, dans lequel le déflecteur (8, 22, 31) est confi-
guré pour pouvoir s’étendre radialement vers l’exté-
rieur en direction de la paroi du corps tubulaire ;

le mécanisme par lequel l’expansion du déflec-
teur est obtenue étant sélectionné de préfé-
rence parmi un moyen hydraulique, un moyen
pneumatique, un moyen mécanique et des
combinaisons de ceux-ci ;
le déflecteur étant en sus de préférence sollicité
pour s’étendre et/ou se contracter au moyen
d’un ou de plusieurs moyens de sollicitation
élastiques ; et
le déflecteur (31) comprenant en sus encore de
préférence une capote en matériau flexible (38)
raccordée à un mécanisme à ressort de para-
pluie (40).

14. L’ensemble d’une quelconque des revendications 9
à 13, dans lequel le déflecteur (8, 12, 22, 31)
comporte un moyen d’isolation configuré pour res-
treindre le passage de la chaleur de conduction à
travers le déflecteur.

15. L’ensemble d’une quelconque des revendications 9
à 14, comprenant en sus un support de distribution
sélectionné parmi : un tube spiralé, un tuyau, une
ligne lisse et un câble métallique ;
le support de distribution étant depréférenceun tube
spiralé ou un tuyau et ceux-ci étant configurés pour
distribuer des billes d’alliage à la région cible en fond
de trou du puits de forage.

16. L’ensemble d’une quelconque des revendications 9
à 14, comprenant en sus un moyen de distribution
des billes d’alliage sous la forme d’une écope de
déversement (21) disposée en amont du déflecteur
(22) et dudit outil de chauffage (7).

17. L’ensemble d’une quelconque des revendications 9
à 16, comprenant en sus un équipement de perçage
(13) configuré pour former une ou plusieurs ouver-
tures dans les parois du corps tubulaire du puits de
forage ;
l’équipement de perçage étant de préférence sélec-
tionné parmi : une perceuse, un poinçonmécanique,
un pistolet perforant, une scie ou tout autre outil de
coupe approprié, tel que des coupeurs chimiques et
des coupeurs à jet de fluide.

18. L’ensemble d’une quelconque des revendications 9
à 17, comprenant en sus un panier à déchets (14)
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positionné à une extrémité avant de l’ensemble.
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