(19 DANMARK (100 DK/EP 3710671 T3
(12) Overseettelse af
europaeisk patentskrift
Patent- og
Varemeaerkestyrelsen
(51) Int.Cl.: E 21 B 33/12 (2006.01) E 21 B 36/00 (2006.01) E 21 B 43/10 (2006.01)
(45) Overseettelsen bekendtgjort den: 2022-11-21
(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2022-08-31
(86) Europaeisk ansggning nr.: 18808088.1
(86) Europaeisk indleveringsdag: 2018-11-16
(87) Den europeeiske ansggnings publiceringsdag: 2020-09-23
(86) International ansggning nr.: GB2018053333
(87) Internationalt publikationsnr.: WO2019097252
(30) Prioritet: 2017-11-17 GB 201719093
(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES Fl FR GR HR HU IE IS IT LI LT LU LV MC
MK MT NL NO PL PT RO RS SE Sl SK SM TR
(73) Patenthaver: BiSN Tec Ltd, 713 Cavendish Avenue, Birchwood, Warrington, Cheshire WA3 6DE, Storbritannien
(72) Opfinder: CARRAGHER, Paul, ¢/o 713 Cavendish Avenue, Birchwood, Warrington, Cheshire WA3 6DE,
Storbritannien
(74) Fuldmaegtig i Danmark: CHAS. HUDE A/S, Langebrogade 3B, 1411 Kgbenhavn K, Danmark
(54) Benaevnelse: Ekspanderbart borehulsveerktej pa grundlag af en eutektisk legering og fremgangsmade til
indsattelse af et sadant
(56) Fremdragne publikationer:

WO-A1-02/099247
WO-A1-2016/049424
US-A- 3 208 530
US-A1-2003 178 204
US-A1- 2015 047 841



DK/EP 3710671 T3



DK/EP 3710671 T3

DESCRIPTION

Field of the Invention

[0001] The present invention relates to tools for use in downhole environments such as oil and
gas wells. In particular, the present invention relates to expandable tools capable of being
deployed downhole and secured in position using eutectic alloys, such as bismuth containing
alloys.

Background of the Invention

[0002] In order to access oil and gas deposits located in underground formations it is
necessary to drill bore holes into these underground formations and deploy production tubing
to facilitate the extraction of the oil and gas deposits.

[0003] During the creation, operation and abandonment of oil and gas wells there is often the
need to deploy a plug within the well or seal of a portion of the well. This can involve securing a
tool in position within a downhole target region.

[0004] One common downhole task is repairing existing well tubing, which due to the downhole
environment can develop fractures/leaks over time. Another common task is to isolate
(whether temporarily or semi-permanently) a region of a well from the rest of the production
tubing.

[0005] Various downhole tools are currently employed in such tasks. Some of the most
commonly used downhole tools include: bridge plugs, patches, scab and straddles. In order to
secure the downhole tool within a well such tools are typically provided with hydraulically
actuated means that can be operated to engage with the surface of a surrounding tubing (e.g.
a well casing, well liner or production tubing).

[0006] A plurality of these engagement means, which are commonly referred to as 'dogs’ or
'slips', are normally provided on a downhole tool so that once the tool is in place they can be
actuated to lock the tool in position relative to the surrounding tubing.

[0007] Once the required task has been completed by the downhole tool, the 'dogs’ or 'slips'
can be retracted and the tool can be retrieved from the well.

[0008] Although the 'dogs’ or 'slips' are capable of retaining a downhole tool in position within a
well, they do not form a gas tight seal with the surrounding tubing. In view of this, on occasions
where a gas tight seal is required the downhole tool is provided with additional sealing means,
such as rubber seals. This can increase the possibility of a malfunction of the downhole tool.
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[0009] An alternative approach, which has been developed by the applicant, utilises the
interesting properties of eutectic alloys, such as bismuth containing alloys, to help securely
locate tools within downhole target regions.

[0010] In particular, published International PCT Application No. WO02016/024123 discloses a
variety of different options for using eutectic/bismuth based alloys mounted on the exterior
walls of a tubular tool to secure the tool within a downhole target region. Another relevant
document is WO02099247 A1.

[0011] In operation, a heat source is inserted into the tubular tool and positioned at a point
within the tool that is adjacent to the externally mounted alloy. Once in position the heat source
is used to melt the alloy, which flows a short distance before it begins to cool and turn back into
a solid.

[0012] Through this process the alloy can form a connection between the tubular tool and the
nearby surrounding structure, which will typically be a well casing or tubing but could also be
the surrounding formation from which the well has been formed.

[0013] In cases where the surrounding structure is a well casing/tubing, the alloy forms a metal
to metal connection between the tubular tool and the surrounding well casing/tubing. Once the
tubular tool has been secured in place, the heater is retrieved leaving the interior of the
secured tool clear. In situations where a plug is required, the lower end of the tubular tool can
be capped or blocked off.

[0014] One common problem faced during the above described downhole operations is
operation of actually delivering the downhole tool to the target location within the well so that it
can be secured in place. This is because the passage of the tool into the well can be impaired
by obstacles in the well and/or bends in the well (e.g. deviated wells).

[0015] In order to providing downhole tools with improved manoeuvrability the applicant has
developed various ways of reducing the outer diameter of the downhole tool. This helps to
maximise the clearance between the downhole tool and the well bore or well casing/tubing,
without sacrificing the tool's ability to form a metal to metal connection between the tool and
the surrounding casing/tubing.

[0016] European Patent No 2935764, which is one of the applicant's earlier cases, provides a
eutectic alloy based plugging tool that is provided with a compressible plug portion. The
compressible plug portion is resiliently biased towards a larger outer diameter that the rest of
the plug. The compressible plug portion can thereby reduce its outer diameter when it reaches
an obstruction within a well and then spring back to its original larger diameter once it is past
the obstruction. The compressible plug portion serves to reduce the clearance between the
tool and the surrounding casing/tubing, such that it serves as a platform that helps direct the
melted alloy towards the surrounding casing/tubing.
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Summary of the Invention

[0017] With a view to addressing the issues faced by deploying tools within wells with possible
restrictions, the present invention provides an expandable eutectic alloy based downhole tool
and methods for deploying such within various downhole target regions in oil/gas wells.

[0018] The present invention provides a method of deploying a eutectic alloy based tool within
an oil/gas well, said method comprising: providing a eutectic alloy based downhole tool
comprising a tubular body with eutectic alloy located on an outer surface thereof, said tool
having an outer diameter with a clearance from the inner diameter of the well; delivering the
downhole tool to a target region within an oil/gas well where the tool is to be deployed; running
a tubular expanding tool through the interior of the tubular body so as to increase the outer
diameter of the downhole tool and in so doing reduce the clearance between the eutectic alloy
and the well; positioning a heater within the tubular body proximal to the eutectic alloy and
operating the heater to melt the eutectic alloy; allowing the eutectic alloy to cool and resolidfy
so as to seal the tool in place within the target region of the well using the alloy.

[0019] Preferably the eutectic alloy may be located on the outer surface of the tubular body at
the end regions of the tubular body. In this way the alloy can be used to seal both ends of the
tubular body to the surrounding well casing/tubing. A straddle tool could be deployed within an
oil/gas well using this approach.

[0020] Preferably at least the eutectic alloy may be covered with an outer sleeve. The outer
sleeve provides mechanical protection to the eutectic alloy when the tool is deployed.

[0021] Further preferably the outer sleeve may have insulating properties. Although not
essential, providing an outer sleeve with insulating properties is considered highly beneficial
because it serves to reduce heat loss from the tool of the present invention. This means that
any heat generated by the tool is used more efficiently, which in turn means that less chemical
heat source material, for example, is needed to achieve a certain heat output. This again
allows the weight of the assembly to be reduced.

[0022] Providing an outer sleeve with insulating properties also helps to prevent heat being
'sucked away' from the tool as a consequence of the environmental conditional within the
target region. By way of an example, it is envisioned that insulating the tool in this way prevent
heat loss as a result of 'cross-flow' within the well.

[0023] 'Cross-flow' occurs when fluids move down a pressure gradient within the well and in
doing so create a flow of fluids passed the target region which could remove heat from the

region over time.

[0024] Providing the insulation also helps to 'super heat' the alloy that is held between the
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heater body and the sleeve. This enables the molten alloy to penetrate further into the
surrounding environment when it eventually leaves the tool. This is considered particularly
beneficial when forming seals in wells located in sand pack formations, (e.g. OHGPs).

[0025] Preferably the outer sleeve may comprise one or more openings in the region adjacent
to the collar. Alternatively the outer sleeve may comprise one or more weakened points in the
region adjacent to the collar; said weakened points being configured to fail before the rest of
the insulating sleeve, thereby revealing openings.

[0026] It is appreciated that by providing openings in the sleeve, or alternatively weakened
regions that will become openings in the sleeve during the operation of the heater, it is possible
focus the locations where molten alloy escapes. Locating the openings/weakened regions
adjacent the collar of the heater ensures that the alloy is ejected in a focused manner within
the target region of the well.

[0027] Preferably the expanding tool may be operated to increase the outer diameter of the
entire downhole tool. Alternatively, however, the expanding tool may be operated selectively so
as to only increase the outer diameter of the downhole tool in the parts of the tubular body
where the alloy is located.

[0028] It is envisaged that expanding only the part of the tubular body on which the eutectic
alloy is located achieves the desired technical result of reducing the clearance between the
alloy and the surrounding well casing/tubing more quickly because the expanding tool does not
have to be run through the entire length of the tubular body.

[0029] It is envisaged that the expanding tool may be run through the tubular body in either a
down hole direction or an up hole direction, that is away from the surface or towards the
surface respectively.

[0030] Preferably the eutectic alloy may be located along the entire length of the tubular body.
Whilst not essential, it is envisaged that providing alloy along the entire length may be
desirable in certain situations, such as when an increased amount of alloy is required to repair
multiple defects in a target region. Also, the alloy may be provided along the entire length of
the tubular body if the tool is relatively short in length, this ensures that sufficient alloy is
provided to form a complete seal.

[0031] Preferably the method comprises deploying the tool within an Open Hole Gravel Pack
and wherein the method involves directing the melted alloy through a sandscreen present in
the Open Hole Gravel Pack.

[0032] It is envisaged that the method of the present invention is particularly suited to
deploying tools, such as straddles, within Open Hole Gravel Packs (OHGPs). This is because
expanding the tool to urge the eutectic alloy closer to the well (i.e. the sandscreen) ensures
that melted alloy can penetrate further through the holes in the sandscreen into the
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surrounding annulus. This helps provide a more complete seal within an OHGP.

[0033] The present invention also provides an expandable eutectic alloy based downhole tool
that is suitable for use in the method of the present invention. In this regard, the present
invention provides two alternative configurations of downhole tool.

[0034] In first the tool configuration, the present invention provides an expandable eutectic
alloy based downhole tool, said tool comprising: a tubular body configured to be expanded
when an expanding tool is run through the inside thereof; one or more eutectic alloy elements
provided on the outside of the tubular body, wherein each eutectic alloy element only extends
partially around the circumference of the outside of the tubular body.

[0035] It will be appreciated that a gap can be created by not completely encircling the tubular
body with a single eutectic alloy element. Each gap in the alloy accommodates the expansion
of the tubular body without necessarily fracturing the alloy, which is commonly more brittle than
the steel from which the tubular bodies are typically formed.

[0036] Preferably the tool may comprise an interrupted alloy ring that encircles the tubular
body, the ring being formed from one of more of said alloy elements arranged in series around
the circumference of the tubular body.

[0037] It is appreciated that placing a plurality of alloy elements around the outside of the
tubular body further helps to accommodate the expansion of the tubular body and avoid the
alloy being damaged during the expansion process.

[0038] Further preferably said alloy elements may form a plurality of interrupted rings on the
outside of the tubular body. In addition, the plurality of interrupted rings may be offset from one
another so that the interruptions in one alloy ring are not aligned with the interruptions in an
adjacent ring.

[0039] In this way it is ensured that alloy is provided around the entire circumference of the
tubular body, which thereby avoids the possibility of gaps being created in the final seal formed
when the alloy is melted and subsequently allowed to cool and resolidify.

[0040] Preferably, in the case of multiple rings, two or more interrupted alloy rings may be
connected together. It is envisaged that such an arrangement would facilitate the more secure
mounting of the alloy on the outside of the tubular body.

[0041] Alternatively, not covered by the claims, a single alloy ring may be formed that extends
along at least half of the length of the tubular body.

[0042] Additionally or alternatively said alloy elements may be mounted on an expandable
collar that is then secured to the tubular body. In this way, even though the alloy does not
completely encircle the tubular body, the collar can completely encircle the tubular body, which



DK/EP 3710671 T3

would help further secure the alloy in position on the outside of the tubular body.

[0043] Preferably the alloy elements may be provided along the entire length of the tubular
body. Although the preferred embodiments of the present invention described hereinafter only
provide the alloy at certain points along the length of the tubular body, it is envisaged that the
alloy could be provided along the entire length thereof. In this regard the alloy rings may
extend the entire length of the tubular body. Alternatively, the alloy elements may be in the
form of a plurality of strips that run the length of the outside of the tubular body.

[0044] Preferably the tool may further comprise an outer sleeve that covers at least the region
of the tool where the alloy elements are located. As detailed above, the sleeve provides
mechanical protection to the alloy provided on the outside of the tubular body.

[0045] Further preferably the outer sleeve may have insulating properties.

[0046] In addition, or alternatively, the outer sleeve may have openings, or weakened regions
that form openings when in contact with melted alloy, that provide a focused outlet for the alloy
when it is melted. The benefits of these various features of the outer sleeve are detailed
above.

[0047] In the second tool, not covered by the claims, configuration the present invention
provides an expandable eutectic alloy based downhole tool, said tool comprising: a tubular
body configured to be expanded when an expanding tool is run through the inside thereof; an
outer sleeve, wherein the tubular body and the outer sleeve together define a housing with

[0048] a volume within which eutectic alloy can be retained; and wherein the eutectic alloy
retained with the housing does not fill the volume of the housing defined by the tubular body
and the outer sleeve.

[0049] In contrast to the first tool configuration, it is not considered essential that the eutectic
alloy does not completely encircle the expandable tubular body.

[0050] This is because it does not matter if the alloy breaks during the expansion of the tubular
body. In this regard the housing defined by the tubular housing and the outer sleeve ensures
that the alloy, even when damaged, is held in position relative to the tubular body ready for the
introduction of a heat source.

[0051] The creation of a housing to retain the alloy therefore makes it less important to protect
the alloy from fracture when the tubular body, upon which the alloy is provided, expands.

[0052] Preferably the alloy may be provided as at least one annular shaped block that
encircles the tubular body and there is clearance between the outer surface of said alloy block
and the outer sleeve to accommodate the expansion of the tubular body and the alloy.
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[0053] Further preferably said sleeve has openings, or weakened regions that form openings
when in contact with melted alloy, that provide a focused outlet for the alloy when it is melted.

[0054] Alternatively the alloy may be provided as shot or pellets and such shot or pellets do not
completely fill the housing when the tubular body is in an un-expanded state. In such
arrangements the sleeve may have weakened regions that form openings when in contact with
melted alloy, wherein said openings provide a focused outlet for the alloy when it is melted.

[0055] Although not essential to the second tool configuration, preferably the outer sleeve has
insulating properties. The technical benefits of the above features will be appreciated from the
earlier description of these features above.

[0056] Although the tools of the first and second configurations differ on certain points they are
both directed to the same aim, namely to retain the alloy in place so that the deployed heater
can melt the alloy when the time comes.

Brief Description of the Drawings

[0057] The various aspects of the present invention will now be described with reference to
preferred embodiments shown in the drawings, wherein:

Figure 1 shows a first embodiment of a first configuration of the pre-expanded expandable
eutectic alloy based downhole tool in accordance with the present invention;

Figure 2A shows a plan view of the pre-expanded downhole tool shown in Figure 1;
Figure 2B shows a plan view of the downhole tool of Figures 1 and 2A in an expanded state;

Figure 3 is a diagrammatic representation of the key stages of deploying the first embodiment
of the expandable eutectic alloy based downhole tool of the present invention shown in Figure
1;

Figure 4A shows a cross-sectional view of a first embodiment of a second configuration, not
covered by the claims, of the pre-expanded expandable eutectic alloy based downhole tool in
accordance with the present invention;

Figure 4B shows a plan view of the pre-expanded downhole tool shown in Figure 4A;

Figure 5 shows a pre-expanded straddle tool comprising the downhole tool shown in Figure 4A
in situ within an Open Hole Gravel Pack (OHGP);

Figure 6 shows the straddle tool of Figure 5 once it has been expanded and deployed within
the OHGP;

Figure 7 is a diagrammatic representation of the key stages of deploying the straddle tool
shown in Figure 5;
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Figure 8 shows a eutectic alloy element for use in a second embodiment , not covered by the
claims, of the first configuration of the pre-expanded expandable eutectic alloy based
downhole tool in accordance with the present disclosure;

Figure 9 shows the second embodiment of the first configuration of the pre-expanded
expandable eutectic alloy based downhole tool in accordance with the present diclosure; and

Figure 10 shows a second embodiment, not covered by the claims, of the second configuration
of the pre-expanded expandable eutectic alloy based downhole tool in accordance with the
present disclosure.

Detailed Description of the Preferred Embodiments of the Present Invention

[0058] The expandable alloy-based downhole tool of the present invention disclosed herein is
considered particularly suitable for use in downhole operations that take place within gas and
oil wells. In particular, the well tool deployed in accordance with the present invention is
considered particularly suitable for use in repair operations involving Open Hole Gravel Packs.

[0059] The term 'Open Hole Gravel Pack’ (OHGP) is used throughout to indicate when a
screen is used to hold back proppant / sand in a completion. It will be appreciated that, in
practise, this covers all gravel pack completions including open hole, cased hole and frac
packs.

[0060] Although the sealing and repair of Open Hole Gravel Pack is considered a particular
suitable application of the present invention, it is envisioned that the downhole tool deployment
assembly of the present invention can also be employed in other well repair operations, as well
as in well abandonment.

[0061] Given the main focus of the present invention, the preferred embodiments will be
described with oil and gas wells in mind. However, it is envisioned that the apparatus and
methods described could be usefully applied in other technical fields, such as those fields
where underground conduits are to be plugged (e.g. water pipes). Figure 1 shows a preferred
embodiment of the first configuration of the downhole tool of the present invention. The tool 1
comprises a tubular body 2 with a plurality of eutectic alloy elements 3 located on its outer
surface. It is envisioned that the elements can be secured in place directly on the tubular body
using a suitable adhesive and/or using mechanical fixings such as rivets, bolts and screws.
Alternatively, the eutectic alloy elements 3 may be mounted on a collar using the above means
and then the collar is secured in place around the circumference of the tubular body.

[0062] The tubular body, unlike the eutectic alloy, is formed from a material that is capable of
being stretched so as to increase its outer diameter such as steel. It is appreciated that steel
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pipes having a wall thickness of 6,35 to 12,7 mm ( V4 to 2z inches) can achieve an expansion of
about 25,4 mm (1 inch).

[0063] As explained in more detail below, the tubular body 2 is stretched by drawing a
conventional expanding tool through its interior 4. It is envisages that the expanding tool can
be drawn through the tubular body in either an up hole direction or a down hole direction (i.e.
towards the surface or away from the surface).

[0064] The eutectic alloy elements 3 are positioned in series around the outer circumference
of the tubular body so as to form interrupted eutectic alloy rings that encircle the tubular body
2. Each interrupted ring is provided with a plurality of gaps that help the alloy ring to
accommodate the expansion of the tubular body 2 without fracturing.

[0065] Although the interrupted ring is shown in Figure 1 as having a plurality of gaps, it is
envisaged that a single eutectic alloy element, which substantially encircles the tubular body as
has a single gap, may also be employed without departing from the general concept of the
present invention.

[0066] As can be seen from Figure 1, the gaps between the alloy elements 3 in a first
interrupted ring are offset from the gaps between the alloy elements 3 in a neighbouring
interrupted ring. It is envisaged that this offsetting of the gaps helps to prevent the formation of
gaps in the alloy seal formed when the tool is heated by a heater received within the interior of
the tubular body 4.

[0067] Although the elements 3 shown in Figure 1 form interrupted rings that are relatively
narrow when compared to the length of the tubular body 2, it is envisaged that the elements 3
may extend further along the length of the tubular body. Indeed it is envisaged that the eutectic
alloy elements may extend along the entire length of the tubular body 2, either in the form of a
single interrupted ring or multiple interrupted rings of suitable lengths.

[0068] The arrangement of the eutectic alloy elements, and their ability to accommodate the
expansion of the tubular body on which they are provided, will be better appreciated from the
plan views provided in Figures 2A and 2B.

[0069] Figure 2A shows a plan view of tool 1 in an unexpanded state. However, in order to
clearly show the gaps between the alloy elements 3 only one interrupted ring is shown in the
figure.

[0070] As described above the tool comprises a tubular body 2 with a plurality of eutectic alloy
elements 3 located around the outer circumference thereof. The elements 3 are arranged in a
spaced manner around the circumference so that there are gap between adjacent elements 3.

[0071] The tubular body 2 is provided with an internal void 4 into which a heater can be
received.
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[0072] Figure 2B shows a plan view of tool 1 in an expanded state as expanded tool 1a. As
with Figure 2A only one interrupted alloy ring is shown for the sake of clarity.

[0073] Upon comparison Figures 2A and 2B it will be clear that the gaps between the eutectic
alloy elements 3 accommodate the expansion of the tubular body 2 to form the expanded
tubular body 2a. In the expanded state the size of the gaps between adjacent alloy elements 3
is increased. The internal void 4a is also increased in diameter following the expansion of the
tubular body 2a.

[0074] Although not shown in Figures 1, 2A or 2B ,it is envisaged that the tool may also be
provided with an outer sleeve which covers at least the region of the tool where the eutectic
alloy elements are located. The provision of a sleeve helps to protect the alloy elements from
damage when the tool is delivered down a well. This is advantageous because eutectic alloys,
such as bismuth based alloys, can be more susceptible to damage that the rest of the tool (i.e.
the tubular body).

[0075] The downhole tool deployment method of the present invention will now be described
with reference to Figure 3, which shows the key stages of the deployment of a downhole tool of
the type shown in Figure 1.

[0076] In the first stage the tool 1 is delivered down a well 5. It will be appreciated that the
walls of the well may be provided by a well casing or well tubing. As can be seen from Figure 3
the difference between outer diameter of the tool and the inner diameter of the well ensures
that there is a clearance between the tool and the well.

[0077] It is envisaged that the outer diameter of the tool should be such that there is clearance
between the tool and the well at its most restricted (i.e. narrowest) point.

[0078] Once in position the tool can be temporarily secured in place within the well using
conventional means, such as a hydraulically actuated elastomer seal or 'slips’. More details on
this will be provided in the following description of the further embodiment of the method shown
in Figures 5,6 and 7.

[0079] Once secured in position an expanding tool 6 can be run through the interior of the
tubular body 2 of the tool 1 so as to deform the tubular body outwards and, by so doing,
expand the tubular body 2a. In the expanded state the eutectic alloy elements 3 located on the
outer surface of the tubular body are brought closer to the well 5 so as to reduce the clearance
between the tool 1 and the well 5.

[0080] In the method represented in Figure 3 the entire length of the tubular body 2 is
expanded by the expanding tool 6. However, it is envisaged that only those portions of the
tubular body 2 located adjacent to the eutectic alloy elements 3 need to be expanded. As such
the method may involve using the expanding tool 6 on certain parts of the tubular body 2.
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[0081] Turning now to the final stage of the method show in Figure 3, it can be seen that once
the tool has been expanded so as to bring the eutectic alloy elements 3 closer to the well
casing/tubing 5 a heater is deployed down the well. The heater 7 is deployed downhole and
located within the interior 4 of the expanded tubular body 2a of the expanded tool 1a.

[0082] The heater 7 is positioned within the interior of the tubular body 2a so as to be adjacent
to the eutectic alloy elements 3 located on the exterior of the expanded tubular body 2a. Once
in position the heater, which is preferably a chemical based heater such as a thermite heater,
is activated to heat and melt the eutectic alloy.

[0083] Upon melting the eutectic alloy that formed the elements 3 will flow away from the heat
source and immediately start to cool and resolidify due, in part, to the cooling effect of the
downhole fluids present in the target region of the well.

[0084] Although not shown in the figures, it is envisaged that the downhole tool may be
provided with means for slowing the flow of the alloy down the well.

[0085] One example of a suitable means would be an elastomer seal mounted on the exterior
of the tubular body 2 further downhole of the eutectic alloy elements 3. It is envisaged that the
elastomer seals could be arranged to extend at least as far as the alloy elements 3 and
possibly even beyond so that when the tubular body is expanded the seals are also moved
closer to the well casing/tubing 5. The expanded seals serve to slow the flow of the alloy so
that it has longer to cool and solidify. Alternatively or in addition to the elastomer seal it is
envisaged that the anchoring ring described hereinafter can also reduce the loss of melted
alloy down hole. Furthermore, a skirt portion made from a thermally conductive material, such
as aluminium, could be provided below the region of the alloy. This skirt region allows
downhole fluids to flow inside it and in so doing speeds up the rate at which heat can be
extracted from the melted alloy, which in turn speeds up the rate of cooling of the alloy so that
it solidifies sooner.

[0086] As the eutectic alloy sets it forms a seal 8 between the outside of the expanded tubular
body 2a and the inside of the well 5. The alloy seal 8 serves to secure the tubular body 2a in
place within the well 5 with a gas tight seal.

[0087] Once the seal has been formed and the tool 1a has been secured in position the
temporary securing means (e.g. hydraulic seal, slips, etc..) can be disengaged and retrieved
via the expanded interior of the tubular body 2a. In an alternative arrangement the temporary
securing means can be disengaged and retrieved before the heating stage, that is once the
expanding tool has been operated to the expand the tubular body 2.

[0088] Figures 4A and 4B show an alternate configuration, not covered by the claims, of an
expandable eutectic alloy based downhole tool 10 that can be used in the method of the
present disclosure.
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[0089] Unlike the first configuration of tool 1, which is shown in Figures 1, 2A, 2B and 3, the
eutectic alloy 13 located on the exterior of the tubular body 12 is not necessarily provided with
gaps in it to accommodate the expansion of the tubular body 12. Instead, the tool 10 shown in
Figures 4A and 4B is arranged to allow for the fact that the eutectic alloy may fracture when
the tubular body 12 expands. To this end the tool is provided with an outer sleeve 14 which,
together with the tubular body 12, defines a housing that surrounds the eutectic alloy 13.

[0090] Providing the alloy 13 within the housing ensures that the alloy is retained in heating
distance of the interior of the tubular body 12 even if the alloy 13 is caused to facture and
detach from the tubular body 12 when the tubular body expands. The housing essentially
serves to trap any fragments of the alloy that may break off the tubular body during its
expansion.

[0091] In order to accommodate the expansion of the tubular body and the alloy provided on
the exterior thereof, the amount of alloy provided on the tubular body is such that it does not fill
the whole of the housing, at least when the tool 10 is in the unexpanded state. Preferably, and
as shown in Figures 4A and 4B, the outer sleeve 14 is arranged on the tool 10 so as to provide
a clearance 17 between the eutectic alloy 13 and the sleeve 14.

[0092] It is envisaged that the sleeve 14 also serves to mechanically protect the alloy during
the delivery of the tool 10 down a well. Further, the sleeve preferably has insulating properties
so as to provide the additional benefits detailed above. In view of this the sleeve is preferably
made from fibreglass or a suitable composite plastic material. However, in applications where
the sleeve does not need to have insulating properties, the outer sleeve can also be made
from steel.

[0093] The housing, which serves to retain the alloy 13 in close proximity to the tubular body
12 as it expands, is provided with one or more openings 15 at the lower end of the tool (i.e. the
downhole end of the tool). As detailed above, the openings 15 in the sleeve 14 serve to focus
the melted alloy so that it can only escape the housing via the openings 15. Alternatively
weakened regions capable of revealing openings can be employed to achieve the same effect.
The benefits of focusing the alloy in this way are described above.

[0094] Also shown in Figure 4A is anchor ring 16, which is located below the alloy and the
sleeve opening 15. As will be appreciated from the following description, when the tubular body
12 is expanded the anchor ring 16 is pushed towards the surrounding well tubing/casing. In
this way the anchor ring 16 can be urged against the well tubing/casing and thereby secure the
tool 10 within the target region of the well. The anchor ring 16, which is preferably made from
steel also, extends radially outwards beyond the alloy 13.

[0095] For the sake of clarity the anchor ring 16 has been omitted from Figure 4B.

[0096] Turning now to Figures 5, 6 and 7, which show a straddle tool 10a that essentially
comprises two downhole tools 10 of the type shown in Figure 4A provided on a single common
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tubular body.

[0097] In contrast to the downhole tool deployment process shown in Figure 3, which shows
the deployment of a downhole tool within a standard well tubing/casing, Figures 5, 6 and 7
show the deployment of a downhole tool (in this case a straddle) within an Open Hole Gravel
Pack (OHGP). As a result the well tubing 5 is replaced with a sandscreen 11 which has a
plurality of holes therein to allow oil to flow from the formation into the production tubing during
the operation of a well.

[0098] Figure 5 shows the straddle tool 10a in situ within a sandscreen 11. It will be
appreciated that the outer diameter of the un-expanded straddle tool 10a is such that there is a
clearance between the tool and the sandscreen 11. This clearance between the tool and the
surrounding well structure facilitates easier delivery of the tool down the well.

[0099] The straddle tool 10a comprises a tubular body 12 made from a suitable material, such
as steel, which can be deformed by running an expanding tool through its interior.

[0100] A first eutectic alloy element 13 is provided on the exterior of the leading end of the
tubular body 12 (i.e. the end of the tubular body that enters the well first). The first alloy
element 13 is surrounded by an outer sleeve 14, which, together with the tubular body 12,
defines a housing within with the first alloy element 13 is received.

[0101] The clearance between the first alloy element 13 and the sleeve, which is shown in
Figures 4A and 4B, has been omitted from Figures 5, 6 and 7 to avoid overcomplicating the
figures and making them unclear. Therefore, although no clearance is shown between the first
alloy element 13 and the sleeve 14, a clearance should be taken to be present for purposes of
explained the downhole tool 10a deployment method represented in Figures 5, 6 and 7.

[0102] The sleeve 14 is provided with one or more openings 15 located towards the leading
end of the first alloy element 13. The opening or openings 15 provide the egress through which
the molten alloy can escape the housing when the alloy is melted. The openings can be used
interchangeably with the weakened regions described hereinbefore.

[0103] Below the first alloy element 13, in the down hole direction, is provided an anchor ring
16. The anchoring ring 16 extends radially outwards beyond the first alloy element 13.

[0104] A second alloy element 18 is provided on the tubular body 12 at distance from the first
alloy element 13. Preferably the second alloy element 18 is located in the region of trailing end
of the tubular body 12 (i.e. the end of the tubular body that enters the well last).

[0105] The second alloy element 18 is also provided with an outer sleeve 19. Again, whilst no
gap is shown as being present between the alloy element 18 and the sleeve, it will be
understood that one is present.
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[0106] The outer sleeve 19 is provided with at least one opening 20. Again said opening or
openings 20 are located at the leading end of the second alloy element 18.

[0107] Below the second alloy element 18, in the down hole direction, is provided an anchor
ring 21. The anchoring ring 21 extends radially outwards beyond the second alloy element 18.

[0108] In addition to the unexpanded straddle tool 10a Figure 5 also shows the tool used to
stretch and expand the tubular body 12, which preferably takes the form of a stroker tool 6.

[0109] Figure 6 shows the expanded straddle tool 10a secured in position within a well by alloy
seals 22, 23 formed at either end of the expanded tubular body 12a. The alloy seals 22, 23
which are formed from alloy elements 13 and 18 respectively permeate through the
sandscreen 11 so as to securely fix the straddle tool 10a in position within the well.

[0110] Figure 7 shows the key stages of the straddle tool deployment, which demonstrate the
progress from the start point shown in Figure 5 to the end point shown in Figure 6. For the
sake of clarity not all features are numbered in Figure 7. However, it will be appreciated that
the features identified in Figures 5 and 6 are retained in Figure 7.

[0111] In the first stage shown in Figure 7 the straddle tool 10a is delivered down hole to a
target region within an Open Hole Gravel Pack (OHGP) as defined by sandscreen 11, which is
effectively a tube with a plurality of holes in it. The reduced diameter of the un-expanded
straddle tool 10a provides a clearance between the tool and the well that facilitates the easier
passage of the tool down a well with obstructions or other restrictions.

[0112] Once in position, the stroker tool 6 is actuated to engage the inside of the tubular body
12, preferably using slips, so that the tubular body is held firmly relative to the stroker tool 6.
Once the tubular body and the stroker tool 6 are so engaged the wedge portion of the stroker
tool is drawn through the interior of the tubular body 12, thereby expanding the leading end of
the tubular body 12 upon which the anchoring ring 16 is provided.

[0113] The expansion of the leading end of the tubular body 12 causes the anchoring ring 16
to be urged against the surrounding sandscreen 11 so as to anchor the tubular body within the
well.

[0114] Once the tubular body 12 is anchored within the well by the interaction of the leading
anchor ring 16 and the sandscreen 11, the slips are released and the stroker tool 6 is drawn up
the rest of the interior of the tubular body 12. This stage is shown in the second step of Figure
7, wherein the lower part of the tubular body is expanded 12a and the upper part of the tubular
body has not yet been expanded 12.

[0115] The expansion of the tubular body serves to urge the alloy elements 13, 18 closer to
the surrounding sandscreen 11 thereby reducing the clearance between them.
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[0116] It is envisaged that because the eutectic alloy is generally more brittle than the material
used to form the tubular body (i.e. steel) the expansion of the tubular body may cause the alloy
elements 13 18 to crack and fracture. However because the alloy elements are held within a
housing defined by the tubular body and the outer sleeves 14 19, the alloy is maintained in
close proximity to the tubular body as it expands. This will be further appreciated from the
description of Figures 4A and 4B provided above.

[0117] As detailed above, the provision of a gap between the alloy and the outer sleeve further
facilitates the expansion of the tubular body. It is envisaged that without the gap the stroker tool
would need to push against not only the tubular body and the alloy but also the outer sleeve.
The provision of a gap between the alloy and the sleeve avoids this additional work.

[0118] The expansion of the tubular body also urges the second anchoring ring 20 towards the
sandscreen 11.

[0119] Once the expansion stage has been completed the alloy elements 13, 18 are located in
closer proximity to the sandscreen 11. This is shown in the third step of Figure 7.

[0120] In the fourth step of Figure 7 a heater 7 is deployed down the well and into the
expanded tubular body 12a. The heater 7 is positioned with the tubular body 12a so as to align
with the first alloy element 13 and then the heater is activated. The heat generated by the
activated heater 7 passes through the tubular body 12a and causes the first alloy element 13
to melt.

[0121] The outer sleeve 14, which is preferably made from fibreglass or a suitable plastic
composite material having insulating properties, is arranged to prevent the escape of the
molten alloy from the tool, other than by way of the opening(s) at the leading end of the tool. In
this way the outer sleeve provides a focused outlet for the molten alloy which directs the alloy
towards and through the sandscreen 11. It is appreciated in applications where the sleeve
does not need to have insulating properties, the sleeve can also be formed from steel.

[0122] In addition, the expanded anchor ring 16 provided below the opening(s) 15 helps to
reduce the amount of molten alloy lost down the well.

[0123] As the molten alloy flows away from the heater it starts to cool and turn back into its
solid state. The fluids present in the downhole environment helps to promote the cooling of the
eutectic alloy within the target region. The first eutectic alloy element eventually cools to form
alloy seal 22 which extends from the expanded tubular body 12a through the sandscreen 11
and into the surrounding formation.

[0124] It will be appreciated that the same process takes place in relation to the second
eutectic alloy element 18 provided on the tubular body up hole of the first eutectic alloy
element 13. In this way two alloy seals 22, 23 are formed to secure the tubular body in position
within the well relative to the sandscreen 11. The final step of Figure 7 shows the straddle tool
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10a secured in position by way of the alloy seals 22, 23.

[0125] It is envisioned that the two alloy elements may be melted by the same heater tool so
as to avoid the need to do multiple runs down hole.

[0126] In one arrangement of heater suitable for use in the described method a single heat
source could be used to melt both eutectic alloy elements simultaneously. In an alternative
arrangement a heater with two separately controllable heat sources could be deployed and
activated in turn to melt the first and second eutectic alloy elements.

[0127] It is appreciated that although various heat sources could be employed to melt the alloy
elements in the method of the present invention, preferably the heater used has a chemical
heat source (i.e. thermite based).

[0128] It is also appreciated that whilst the above straddle deployment method employs a
downhole tool that has a continuous alloy element which encircles the expandable tubular body
(i.e. the second configuration of downhole tool of the present invention) the method could also
be carried out using a downhole tool with an interrupted ring of eutectic alloy on the exterior of
the tubular body (i.e. the first tool configuration).

[0129] A further alternative embodiment, not covered by the claims, of the first configuration of
the downhole tool 35 of the present disclosure will now be described with reference to Figures
8 and 9.

[0130] The downhole tool 35, which is shown in Figure 9 without an outer sleeve but may in
some variations have the sleeve, shows a tubular body with a plurality of eutectic alloy
elements 30, 30a, 30b provided on its exterior. The tubular body is not visible in Figure 9
because the interlaced eutectic alloy elements completely cover the tubular body.

[0131] The eutectic alloy element 30 will be better appreciated from Figure 8, which shows a
single element. The element 30, which is cast from a suitable eutectic alloy, comprises a clip
portion 31 at each end of the element. The clip portions 31 are linked by arm portion 32.

[0132] The clip portions 31 have an internal diameter that enables the element to be received
on the exterior of an unexpanded tubular body. Each clip portion 31 comprises two spaced
apart edges 33.

[0133] The distance between the edges 33 is sufficient to accommodate the width of the arm
portion 32. In this way it is possible to interlace neighbouring eutectic alloy elements together.
The interlacing of adjacent eutectic alloy elements is further facilitated by the fact that the
distance between the clip portions on an individual element is sufficient to receive two end clip
portions 31.

[0134] By interlacing the eutectic alloy elements in the manner shown in Figure 9 it is possible
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to encircle a tubular body with alloy whilst providing gaps to accommodate the expansion of the
tubular body upon which the alloy elements are located.

[0135] It will also be appreciated that interlacing the alloy elements in the manner shown also
help to retain the alloy in position on the tubular body. In addition the alloy can be secured in
place using adhesive and/or standard mechanical fixing (e.g. rivets, bolts, screws, etc...).

[0136] It is also appreciated that, rather than casting the shown elements 30 individually, a
single cast of alloy could be provided on the tubular body and then cut so as to form the
collection of interlaced eutectic alloy elements shown.

[0137] A further alternative embodiment of the second configuration, not covered by the
claims, of the downhole tool 40 of the present invention will now be described with reference to
Figure 10.

[0138] The downhole tool 30 comprises a tubular body 42 with an interior space 41 running
through the middle thereof. An outer sleeve 44 is provided that, together with the tubular body
42 defines a housing. Eutectic alloy, which is in the form of a plurality of pellets or shot 43, is
retained within the housing.

[0139] In contrast to the downhole tool shown in Figure 4A, the outer sleeve, which is
preferably made of steel, fibreglass or a plastic composite material, is not provided with an
opening as this would allow the alloy pellets/shot 43 to escape. Instead the sleeve 44 is
provided with weakened regions 45 that are configured to fail before the rest of the sleeve.
Upon failure the weakened regions 45 reveal an opening akin to that provided from the start in
the downhole tool shown in Figure 4A.

[0140] It will be appreciated that the anchor ring 46 co-operates with the tubular body and the
sleeve to retain the alloy pellets/shot prior to their melting.

[0141] The eutectic alloy pellets/shot does not entirely fill the housing because this provides
capacity for the alloy to shift when the tubular body 42 is expanded. It will be understood that
the free space at the top of the housing (i.e. where there is no alloy) provides the same
function as the gap 17 provided between the eutectic alloy element and the sleeve in the
downhole tool shown in Figure 4A.
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PATENTKRAV

1. Ekspanderbart borehulsveerktej (1, 35) pa grundlag af en eutektisk legering,

hvilket veerktej omfatter:

et rerformet legeme (2), konfigureret til at blive ekspanderet, nar et eks-
panderingsveerktej fares gennem dets indre (4);

elementer (3, 30) af eutektisk legering, tilvejebragt pa det rerformede
legemes (2) yderside, hvorved hvert element af eutektisk legering kun
delvist streekker sig rundt langs omkredsen af det rerformede legemes
yderside; og

kendetegnet ved, at elementerne af eutektisk legering er arrangeret
rundt langs det rerformede legemes omkreds, séledes at der dannes en
flerhed af legeringsringe (31), som omgiver det rerformede legeme,
hvorved hver legeringsring er afbrudt af en eller flere spalter, og spal-
terne i en legeringsring ikke er pa linje med spalterne i en tilgraensende

ring.

2. Veerktej ifelge krav 1, hvorved to eller flere af legeringsringene (31) er for-

bundet til hinanden.

3. Veerktgj ifolge krav 1 eller 2, hvorved legeringselementerne (3) er monteret

pa en ekspanderbar krave, der sa er fastgjort til det rerfformede legeme (2).

4. Veerkte) ifelge et hvilket som helst af kravene 1 til 3, hvorved legeringsele-

menterne er tilvejebragt langs hele leengden af det rearformede legeme (2).

5. Veerktgj ifolge et hvilket som helst af kravene 1 til 4, ydermere omfattende en
ydre muffe, der i det mindste deekker det omrade af vaerktajet (1, 35), hvor lege-

ringselementerne (3, 30) befinder sig.

6. Veerktgj ifelge krav 5, hvorved den ydre muffe omfatter isolerende egenska-

ber for at reducere varmetab fra veerktgjet.
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7. Veerktej ifelge krav 5 eller 6, hvorved muffen omfatter abninger eller sveekke-
de omrader, der dannet abninger, ved kontakt med smeltet legering, og som til-

vejebringer en fokuseret udgang for legeringen, nar den smeltes.

8. Fremgangsmade til indsaetning af et veerktaj, som er baseret pa en eutektisk

legering, i en olie/gas-brand, hvilken fremgangsmade omfatter:

a) tilvejebringelse af et borehulsveerktej (1, 35) pa basis af en eutektisk
10 legering, omfattende et rerformet legeme (2) med eutektiske legerings-

elementer (3, 30), der er arrangeret rundt langs dets omkreds, saledes

at der dannes en flerhed af legeringsringe (31), som omkredser det rar-

formede legeme (2), hvorved hver legeringsring er afbrudt af en eller

flere spalter, og hvilke spalter i en legeringsring ikke er pa linje med
15 spalterne i en tilgreensende ring, hvilket veerktaj har en ydre diameter

med et frirum i forhold til den indre diameter i brenden (5);

b) tilfersel af borehulsveerktejet (1, 35) til et mal-omrade inden i en

olie/gasbrend (5), hvor veerktgjet skal indsaettes;

c) fering af et rerformet ekspansionsveerktgj (6) gennem det indre (4) af
20 det rerformede legeme (2) med henblik pa at forege den ydre diameter

af borehulsveerktgjet (1, 35) og derved formindske frirummet mellem

den eutektiske regering og brenden (5);

d) positionering af en varmeindretning (7) inden i det rerformede lege-

me (2) proximalt i forhold til den eutektiske legering og drivning af var-
25 meindretningen til at smelte den eutektiske legering; og

e) tilladelse til den eutektiske legering til at afkele og gensterkne med

henblik pa at teetne veerktgjet (1, 35) pa plads inden i malomradet i

brenden (5) ved anvendelse af legeringen.

30 9. Fremgangsmade ifalge krav 8, hvorved legeringen befinder sig pa den ydre

overflade af det rerformede legeme i endeomraderne af det rerformede legeme.
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10. Fremgangsmade ifelge krav 8 eller 9, hvorved i det mindste legeringen er
deekket med en ydre muffe; og hvorved muffen fortrinsvis har isolerende egen-

skaber for at reducere varmetab fra veerktgjet.

11. Fremgangsmade ifslge krav 10, hvorved muffen omfatter abninger eller
sveekkede omrader, der danner abninger ved kontakt med den smeltede lege-

ring, og som tilvejebringer en fokuseret udgang for den smeltede legering.

12. Fremgangsmade ifglge et hvilket som helst af kravene 8 til 11, hvorved det
ekspanderende veerktgj drives til at forege den ydre diameter for hele borehuls-

veerktgjet.

13. Fremgangsmade ifglge et hvilket som helst af kravene 8 til 11, hvorved det
ekspanderende veerktej drives selektivt for kun at forege den ydre diameter for

borehulsveerktgjet | de dele af det rerformede legeme, hvor legeringen befinder

sig.

14. Fremgangsmade ifelge et hvilket som helst af kravene 8 til 12, hvorved le-

geringen befinder sig over hele leengden af det rerformede legeme.

15. Fremgangsmade ifglge et hvilket som helst af kravene 8 til 14, hvorved
olie/gas-brenden omfatter en Open Hole Gravel Pack, og fremgangsmaden
desuden omfatter at rette den smeltede legering hen imod sandsigten i Open

Hole Gravel Pack’en.
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Fig.3
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