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Description
Field of the Invention

[0001] The present invention relates to apparatus and
associated methods used in the formation of oil and gas
wells, and in particular the tubing (e.g. lining, casing or
production tubing) employed during the creation of oil
and gas wells.

Background of the Invention

[0002] In orderto access oil and gas deposits located
in underground formations it is necessary to drill bore
holes into these underground formations and deploy pro-
duction tubing to facilitate the extraction of the oil and
gas deposits. A relevant apparatus can be found in the
document US2007199693 A1, considered the most rel-
evant prior art.

[0003] Additional tubing, in the form of well lining or
well casing, may also 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 tub-
ing.

[0005] One ofthe most common approachesto 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 ac-
cess to the underground oil and gas deposits. This is
crucial for both the efficient operation ofthe well and con-
trolling 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 overtime, which lead to unwanted leakage
from the well. One location where such cracks/gaps can
form is at the interface between the production tubing
and the cement seal.

[0007] In particular, when an oil/gas well is being op-
erated in a periodic, stop/start, manner the temperature
within the production tubing can fluctuate significantly.
These temperature fluctuations can cause the diameter
of the production tubing to expand and contract. This
movement applies pressure to the cement seal that can
lead to the formation of small cracks/gaps in the seal,
through which leakage can occur.

[0008] In order to address the formation of such
crack/gaps in the cement seal it is known to deploy eu-
tectic alloy, such as bismuth alloy, into the annular space
and then heat the alloy so that it melts and flows into the
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cracks/gaps. The alloy is then allowed to cool, wherein
it expands to form an effective seal.

[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] Another issue with this approach is ensuring
that the alloy is delivered to the target region of the well
in consistent and uniform manner so that the level ofheat
required to melt the alloy can be effectively pre-calculat-
ed, for example. This is important given that the process
usually takes place deep underground and must be con-
trolled remotely.

Summary of the Invention

[0011] Inthe light ofthe enduring problem ofthe above
identified crack/gap formation in cement seals a first as-
pect of the present invention seeks to provide apparatus
for effectively sealing well leaks in a less disruptive and
more consistent manner than the approaches currently
being used.

[0012] The first aspect of the present invention pro-
vides a gas or oil well tubing having an annular packer
mounted thereon, wherein the annular packer is formed
from a eutectic alloy or any other bismuth alloy.

[0013] In its broadest sense the tubing of the first as-
pect of the present invention may refer to a section of
well lining, a section of well casing or a section of pro-
duction tubing.

[0014] Mounting the eutectic annular packer on the
tubing that is then deployed in the formation of an oil/gas
well means that the alloy is already in situ within the well.
In this way, when a leak is detected it can be remedied
by simply heating the region of the tubing where the an-
nular packer is mounted.

[0015] It is appreciated that, in use, the tubing of the
first aspect of the present invention could be effectively
deployedjust above the cement seal so that when melted
the alloy ofthe annular packer can quickly and easily flow
into any cracks/gaps formed in the cement.

[0016] Alternativelythetubing could be completely sur-
rounded by and embedded within the cement.

[0017] Itis also envisioned that the tubing might effec-
tively be deployed well above the cement seal or even
in wells that do not contain a cement seal.

[0018] In those cases where a cement seal is em-
ployed it is envisioned that whilst the tubing of the first
aspect of the present invention may be deployed after
the cement seal has been formed, it is considered more
likely that the tubing may be deployed within a well bore
before the cement seal has been formed.

[0019] To this end the annular packer is provided with
one or more conduits running substantially parallel to the
tubing. The conduits facilitate the passage of cement be-
yond the annular packer when it is poured or pumped
into the annular space to form the aforementioned seal.
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[0020] The conduits are provided as channels in the
inner and/or outer circumferential surface of the annular
packer. Alternatively the conduits are provided as
through holes in the main body of the annular packer.
[0021] In order for the packer to create a gas tight seal
it is necessary to remove the cement from any conduits.
This can be achieved by squeezed the cement out while
the cement is still in liquid form. Alternatively the cement
in the conduits can be broken once it has solidified.
[0022] In one variant of the first aspect of the present
invention the annular packer may be mounted on the
inner surface of the tubing. It is envisioned that this ar-
rangement is particularly suitable when the tubing is a
well casing or well lining.

[0023] In an alternative variant ofthe first aspect ofthe
present invention the annular packer may be mounted
to the outer surface of the tubing.

[0024] Preferably, the annular packer may comprise
multiple component parts which are combinable to form
the complete annulus when mounted on the tubing. In
this way the production step of mounting the annular
packer on the tubing is made quicker and easier. Further
preferably the multiple component parts may consist of
two or more ring segments which can be connected to-
gether to form a complete annular packer that encircles
the tubing.

[0025] Alternatively, orindeed additionally, the annular
packer may consist of two of more sections that can be
located on the tubing in a stacked arrangement (that is,
one on top of another along a length of the tubing). In
this way various lengths of annular packer can be
achieved by stacking varying numbers of packersections
on the tubing.

[0026] Further preferably the stackable packer sec-
tions may be provided with alignment means that ensure
that the sections stack correctly. This is particularly im-
portant so thatthe conduits ofthe complete annular pack-
er locate in alignment with one another and in doing en-
sure that there is a flow path running through the com-
plete annular packer for the cement to pass through.
[0027] Preferably the annular packer is provided with
one or more resiliently biased conduit clearance means.
In one embodiment thereof the conduit clearance means
operates by squeezing unset cement from a portion of
the conduit to create a gap in the cement when it sets.
[0028] In an alternative embodiment thereof the con-
duit clearance means are held in a 'stretched’ state by
the annular packer until the alloy of the packeris melted,
at which time the conduit clearance means can return to
their preferred (i.e. non-stretched) state. In this way the
conduit clearance means 'spring back’ and apply a break-
ing force to any cement that may have set within the
conduit(s).

[0029] Preferably the conduit clearance means may
comprise one of more spring rings. The spring rings,
which are essentially formed from a metal rod/cable that
has been formed into a ring shape, may be mounted on
the inner surface of the annular packer or the outer sur-
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face. The spring rings may be located within a suitably
shaped recess in the inner and outer surfaces of the an-
nular packer.

[0030] Inthe case ofa spring ring mounted on the inner
surface of the annular packer the spring is resiliently bi-
ased towards a larger diameter, whilst in the case of a
spring ring mounted on the outer surface of the annular
packer the spring is resiliently biased towards a smaller
diameter. In this way, regardless of where the spring ring
is mounted (i.e. inner packer surface or outer packer sur-
face), the spring ring will always be urged towards the
conduit when the alloy of the packer is melted.

[0031] Advantageously the resiliently biased conduit
clearance means may be provided with a leading edge
that is configured to enhance the breaking capability of
the conduit clearance means when it is sprung against
the cement in the conduit.

[0032] Preferablythe leading edge comprises a sharp-
ened edge. In one example the spring ring may be pro-
vided with a square cross-section and then oriented such
that one of the corners of the square provides the break-
ing/sharpened edge that strikes the cement in the con-
duit.

[0033] Preferably the conduits may have an elliptical
cross-section rather than a circular cross-section. It has
been discovered that by forcing the cement to set with
an elliptical cross-section rather than a circular cross-
section the resultant cement can be shattered more eas-
ily by the action of the conduit clearance means.

[0034] Preferably the annular packer may be provided
with one or more rubber seals that are configured to form
cement-tight seals between the annular packer and an
adjacent well casing or tubing. The rubber seals may be
located on the inner surface, the outer surface or on both
the inner and outer surfaces of the annular packer so as
to facilitate the formation of seals with well casings and
tubing that are located either on the outside ofthe packer
or the inside of the packer.

[0035] Preferably, inthe case of stackable packersec-
tions the packer component parts located at the leading
and trailing ends of the annular packer may be formed
from a metal, such as aluminium, or another alloy in order
to provide increased strength.

[0036] In the case of stackable packer sections each
section may be provided with one or more rubber seals
on the surfaces thereof that make contact with another
packer section. In particular it is considered preferable
to provide seals around any conduits provided in the
packer section so as to provide a cement-tight seal. This
is particularly desirable when the conduits are formed
through the middle (i.e. main body) of the packer section.
[0037] Preferably multiple rubber seals are provided
onthe leading and trailing sections of a stackable annular
packer. This allows for some rubber seals to fail during
the deployment of the annular packer and yet still main-
tain the required seal between adjacent tubing.

[0038] This external mounting arrangement is consid-
ered particularly suitable when the tubing is production
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tubing. However, as will now be explained, the inventors
have conceived a number of related applications made
possible by locating a eutectic alloy annular packer on
the outer surface of the tubing.

[0039] As already identified the annular packer of the
present invention can be provided on various types of
well tubing, including well liners and well casings. One
specific application of an annular packer on well lin-
ers/well casings provides forimprovements to liner hang-
ers.

[0040] Liner hangers are secured within wells so that
welltubing can be deployed within the well hole and hung
from the liner hanger. Essentially a liner hanger is a de-
vice used to attach or hang liners from the internal wall
of a previous casing string.

[0041] Asecond aspectofthe presentinventionrelates
to the use of the tubing of the first aspect of the present
invention in liner hangers.

[0042] Preferably the annular packer ofthe present in-
vention is located at the top section of a well liner. In this
way it is possible to form an annular seal between the
well liner and an outer surface such as tubing (e.g. a well
casing) or even the surrounding formation.

[0043] Alternatively the annular packer may be provid-
ed on the inner surface of a surrounding tubing, such as
a well casing, such that upon melting the annular seal is
formed between the well liner and the well casing to cre-
ate the liner hanger.

[0044] In addition to providing a gas tight seal the an-
nular seal may also serve to secure the well linerin place
relative to the surrounding surface. That is to say the
bond formed by the annular packer is strong enough to
provide a weight bearing function.

[0045] However,itis appreciated that additional secur-
ing means, such as hydraulically operated 'dogs’ or
'slips’, may also be provided to help securely retain the
liner hanger in an operating position.

[0046] It is envisaged that the liner hanger of the
present invention can be applied to a range of liners,
which include drilling liners, production liners, tie-backs,
and scab.

[0047] A third aspect of the present invention relates
to the use of the tubing of the first aspect of the present
invention in casing drilling.

[0048] Casing or liner drilling is employed when the
underground formation being drilled is particularly loose
and the well bore will not retain its shape. This approach
is considered a quicker alternative to drilling loose for-
mations in alternative stages of drilling and well cas-
ing/lining installation. One of the disadvantages of the
alternating approach is thatthe size ofthe well mustgrad-
ually decrease which each stage because subsequent
casings need to pass through the installed casing.
[0049] Dirilling fluids (e.g. drilling mud) is used during
drilling operations to cool the drilling tool and also help
remove swarf (i.e. drilled waste) from the drill face. It is
therefore crucial to the drilling operation that drilling fluid
levels are maintained at the drill face. However the path
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of a drill can sometimes pass through a cavity or fissure
in the underground formation.

[0050] Such cavities/fissures can provide routes of
egress for the drilling fluids to flow away, thereby nega-
tively affecting the drilling fluid levels and requiring drilling
operations to be stopped until the cavity/fissure can be
plugged to prevent the drilling fluid being lost. Typically
the process of plugging the cavity/fissure requires the
complete removal of the drilling tool so that suitable plug-
ging material (such as cement) can be delivered down
the well bore to close off the cavity/fissure.

[0051] The third aspect ofthe present invention, which
essentially utilises the tubing of the first aspect of the
present invention in combination with a drilling tool
mounted to the leading end thereof and the annular pack-
er of the tubing is mounted on the outer surface of the
tubing.

[0052] In this way the alloy suitable for sealing of cav-
ities/fissures that may present during the drilling process
can be quickly deployed without the need to remove the
drilling tool by simply heating the annular packer and al-
lowing the alloy to flow in to the cavities/fissures, where
the alloy can cool and form plugs.

[0053] The present invention also provides a method
of manufacturing the tubing of the first aspect of the
present invention, which in turn can be further adapted
for use in the second and third aspects of the present
invention.

[0054] Specifically the present invention provides a
method of manufacturing a gas or oil well tubing, said
method comprising: providing a length of tubing; mount-
ing a annular packer to the tubing.

[0055] Itis envisaged that the oil/gas well tubing of the
present invention will be prefabricated in a factory, or
possibly on site, before the tubing is deployed down a
wellbore. Thisisin clear contrastto the existing approach
of deploying eutectic or other bismuth based alloys into
the annular space located between existing well tubing
and an underground formation (or indeed between adja-
cent well tubing) and then melting it.

[0056] Preferably the annular packeris provided in the
form of multiple component parts and the step of mount-
ing the annular packer to the tubing involves securing
the component parts together around the circumference
of the tubing to complete the annulus. This approach is
considered most appropriate for producing the variants
of the tubing according to the present invention that has
the annular packer mounted on the outer surface thereof.
[0057] Alternativelythe annularpackeris formed within
the tubing by: providing melted alloy within the tubing and
allowing it to cool; drilling a hole through the alloy along
the central axis ofthe tubing. This approach is considered
appropriate for producing tubing according to the present
invention that has the annular packer mounted on the
inner surface thereof.

[0058] In a further alternative the annular packer is
formed within the tubing by: locating a blocking tube con-
centrically within the tubing; providing melted eutectic or
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other bismuth based alloy within the annular space be-
tween the tubing and the blocking tube; allowing the alloy
to cool; and removing the blocking tube from within the
cooled alloy.

[0059] Preferably the method of manufacturing the
oil/gas well tubing further comprises providing multiple
conduits in the annular packer. As detailed above, the
conduits may be in the form of channels in the inner and
outersurface ofthe annularpacker. Alternatively the con-
duits may possibly be in the form ofthrough holes running
through the main body of the packer.

[0060] The present invention also provides a method
of sealing a leak in a completed oil/gas well using the
tubing of the present invention by heating the annular
packer in situ to melt the alloy and seal the leak.

[0061] Preferably a heating tool, such as a chemical
heater, can be deployed down the well to apply heat to
the annular packer and cause it to melt. Alternatively the
tubing may further comprise heating means that can be
activated remotely to melt the alloy. In such an arrange-
ment the heating means are preferably in the form of a
chemical heat source.

[0062] The present invention also provides a method
of sealing off cavities/fissures encountered during casing
drilling without the need to remove the drilling equipment.
This method involves similar features to the method of
sealing a leak in a completed oil/gas well described
above.

[0063] Althoughthe firstaspectofthe presentinvention
relates to the provision of well tubing provided with an
annular packer a further aspect of the invention is con-
sidered to be the annular packer on its own.

[0064] It will be appreciated that the present invention
therefore also provides for annular packers having one
or more of the above described features but not being
mounted on well tubing.

[0065] A fourth aspect, not covered by the claims, re-
lates to a gas or oil tubing collar or pup joint, said joint
having tubing engagement means that connectably en-
gage afirstwelltubing to a second welltubing; and further
comprising one or more eutectic or other bismuth based
alloy rings mounted adjacent to the tubing engagement
means.

[0066] A pup jointis essentially the same as the collar
joint but with the addition of an extended length of pipe
between the tubing engagement means that connect to
the first and second tubing respectively.

[0067] Itis envisaged thatthe alloy could be melted so
as to supplement the seal formed by the interaction be-
tween the tubing engagement means and the tubing en-
gaged by the collar or pup joint, which is preferably
achieved by co-operating screw threads provided by the
tubing and the tubing engagement means. Alternatively
the alloy may only be employedwhen aleak is discovered
at the collar joint.

[0068] Preferably each of the alloy rings is mounted
within recess in the collar joint. In this way the alloy does
not obstruct the insertion of tubing into the collar.
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[0069] Itis envisaged that when the collarjoint is being
used to connect two sections of tubing in a substantially
vertical plane the alloy ring will be retained in a recess
above the tubing engaging means so that when the alloy
is melted it will flow downwards under gravity into the join
formed between the tubing and the tubing engaging
means (e.g. screw thread).

[0070] Advantageously the pup joint may further be
provided with atemporary plug in the form of a burstdisc.
In this way the pup joint can be used to provide a tem-
porary plug within the well.

[0071] The ability to provide temporary, non-perma-
nent, well plugs is desirable during completion. The
above mentioned collar joint provides this functionality
during the construction of a well.

Brief Description of the Drawings

[0072] The various aspects of the present invention
will now be described with reference to the drawings,
wherein:

Figure 1 is a diagrammatic representation of the key
stages ofthe deployment and operation of the oil/gas
well tubing of an embodiment of the first aspect of
the present invention;

Figure 1a is a diagrammatic representation of an al-
ternative deployment of the tubing ofthe first aspect;

Figure 1b is a diagrammatic representation of a sec-
ond alternative deployment of the tubing of the first
aspect;

Figure 2 shows a perspective view of an embodiment
of the first aspect of the present invention;

Figure 3 shows an end view of one variant of the
embodiment shown in Figure 2;

Figure 4 shows an end view of a second variant of
the embodiment shown in Figure 2;

Figure 5 shows a diagrammatic representation ofthe
key stages of the deployment of a liner hanger in
accordance with an embodiment of the second as-
pect of the present invention;

Figure 5a shows a diagrammatic representation of
the key stages ofthe deployment of an alternate em-
bodiment of the second aspect of the present inven-
tion;

Figure 6 shows a perspective view of an embodiment
of the third aspect of the present invention;

Figure 7 shows a diagrammatic representation ofthe
key stages of the deployment and operation of the
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casing drilling variant of the third aspect of the
present invention;

Figure 8 shows a diagrammatic cross-sectional rep-
resentation of an alternative embodiment of the first
aspect of the present invention;

Figure 9 shows an end view of one variant of the
embodiment shown in Figure 8;

Figure 10 shows an end view of a second variant of
the embodiment shown in Figure 8;

Figure 11 shows a preferred embodiment of a stack-
able variant of the annular packer of the present in-
vention;

Figure 12 shows a middle section of the annular
packer with a preferred arrangement of conduit
clearance means mounted on thereon;

Figure 13 shows an end section ofthe annular packer
with a preferred arrangement of rubber seals mount-
ed thereon;

Figure 14 shows a diagrammatic representation of
the interaction between a rubber seal of the annular
packer and an adjacent surface;

Figure 15 shows the operational stages of the de-
ployment of a preferred embodiment of the annular
packer of the present invention;

Figure 16 shows a diagrammatic cross-sectional
representation of an embodiment of the collar joint,
which does not form part of the present invention;

Figure 17 shows a diagrammatic cross-sectional
representation of the embodiment of figure 16 being
heatedto causethe alloyto flow into the join between
the tubing and the collar joint.

Detailed Description of the Various Aspects of the
Present Invention

[0073] The various aspects will now be described with
reference to the Figures, which provide a collection of
diagrammatic representations of embodiments of each
aspect of the present invention to aid the explanation of
their key features.

[0074] One of the central features of a number of the
aspects of the present invention is formation of prefabri-
cated oil/gas tubing with a eutectic or other bismuth alloy
annular packer mounted to the said tubing. Although the
term annular packer is used throughout it is appreciated
thatthetermthermally deformable annulus packeris also
an appropriate description given the alloy aspect of the
described annular packers. The terms can therefore be
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used interchangeably.

[0075] The term prefabricated is intended to cover sit-
uations where the annular packer is mounted on the tub-
ing either in a factory or on site, but always before the
tubing is deployed down a well bore. This is clearly dis-
tinct from existing uses of eutectic and other bismuth
based alloys as a sealant, wherein the alloy is deployed
separately from the tubing at a later stage - which is usu-
ally after completion of the well.

[0076] It will be appreciated that, unless otherwise
specified, the materials used to manufacture the compo-
nents of the various apparatus described hereinafter will
be of a conventional nature in the field of oil/gas well
production.

[0077] Turning now to the embodiment of the first as-
pect of the present invention shown in Figures 1-4, and
in particular Figure 2 initially. Figure 2 shows an oil/gas
well tubing 1 of the present invention in the form of a
length/section of production pipe 2 with an alloy annular
packer 3 mounted on the outside thereof.

[0078] Although not shown in the Figures it is envi-
sioned that the externally mounted annular packer might
preferably be formed from multiple component parts that
combine to surround the length of production pipe 2 so
that the process of mounting (and possibly remounting)
the annular packer is made easier.

[0079] As will be appreciated from Figure 1 the diam-
eter ofthe annular packer 3 is sufficient to provide a close
fit with the outer wall of the well 5, which may be provided
by a rock formation 4 or as appropriate a well casing or
lining.

[0080] In order to explain the benefits of the tubing 1
reference is made to Figure 1, which shows three key
stages in the working life of the tubing 1. In the first stage
the tubing 1, which comprises the section of production
tubing 2 with the annular packer 3 mounted on the outer
surface, is attached to tubing 6 and delivered down the
well bore 5 that has been created in the underground
formation 4 using conventional means.

[0081] Itis appreciated thattubing 1 and 6 are typically
connected together above ground and then deployed
down the well. However in order to clearly illustrate that
tubing 1 and 6 are initially distinct they are initially shown
in figure 1 as being separate.

[0082] In the shown example the tubing 1 is attached
to the top of the tubing 6. It is envisioned that advanta-
geously the tubing 1 ofthe present invention may be con-
nected to existing production tubing 6 using the collar
jointshown in figures 16 and 17, although this is not con-
sidered essential. It is appreciated that alternative ap-
proaches to deploying a series of sections of well tubing
can be employed in concert with the present invention.

[0083] Once the production pipework, which compris-
es tubing 1 and 6, has been deployed within the well 5
cement 7 can be poured or pumped into the annular
space between the formation 4 and the pipework (or, if
appropriate, between a well casing/lining and the pipe-
work). Once set the cement 7 will seal the well 5 so that
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the only access to the oil/gas depositis via the production
tubing 1, 6.

[0084] Inthe eventthat a crack or gap develops in the
cement seal and forms aleak, a heater 8 can be deployed
down the well using a wire line 9 or coil tubing, for exam-
ple, to atarget region inside the tubing 1 that is proximate
to the alloy annular packer 3. Once in place the heater 9
can be activated to melt the alloy 3, which causes it to
turn into a liquid and flow into the cracks/gaps in the ce-
ment plug 7.

[0085] When the alloy 3 of the annular packer, which
may be a eutectic alloy or other forms of bismuth alloy,
cools, it expands and plugs the cracks/gaps and reseals
the cement plug 7 and stops the leak.

[0086] Itis appreciatedthatvarious annularspaces are
created during the formation of awell and it is envisioned
that the present invention can therefore be usefully em-
ployed in variety of different arrangements without de-
parting from the scope of the present invention.

[0087] In the described embodiment the cement is
poured (or pumped) into the annular space after the tub-
ing 1, with its annular packer 3, has been deployed within
the well.

[0088] In arrangements where the diameter of the an-
nular packer 3 is close to the internal diameter ofthe rock
formation 4 (or well casing/lining -not shown) it is consid-
ered advantageous to provide the annular packer 3 with
conduits to facilitate the passage of cement through and
aroundthe annular packer 3 so thatit can reach the lower
regions of the well 5.

[0089] Itis envisioned that rather than being deployed
above the level of the cement the tubing 1 may also be
completely surrounded by and embedded within the ce-
ment 7. Figures 1a and 1b show such arrangements.
[0090] The embodiment of the tubing shown in Figure
1a has an annular packer 3 of a reduced diameter that
does not extend all the way to the outer formation (or
casing). Inis envisioned that suchembodimentis suitable
for sealing micro annuli leaks; such as those formed by
constant expansion and contraction of the production
tubing (see above).

[0091] The embodiment shown in Figure 1b has an
annular packer 3 with a diameter that extends to the sur-
rounding formation (or casing). It is envisioned that this
embodiment is more suitable for repairing cracks that
extend across the entire cement seal.

[0092] Figure 3 shows a first variant of the annular
packer 3, which is provided with a plurality of through
holes 10. The through holes 10 are arranged to permit
the passage of wet cement through the main body of the
annular packer 3.

[0093] Figure 4 shows a second variant of the annular
packer 3, which is provided with a plurality of channels
11 in the outer surface of the annular packer 3.

[0094] One specific application of the annular packer
of the present invention is in the formation of liner hang-
ers. It is envisaged that the alloy annular packer can be
used to form an annular seal between a liner and a sur-
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rounding surface, such as a well casing or possibly even
the surrounding formation. By using an annular packer
to form an annular seal located towards the top section
(i.e. the section of the liner closest to the ground surface)
of the liner the liner can effectively be hung within a well
hole.

[0095] Turning now to Figure 5, in which is shown the
key stages ofdeploying a liner hanger in accordance with
the present invention within a well hole. It will be appre-
ciatedthatthe outerwell casing 12 is essentially the same
as the tubing shown in Figure 8, in that it comprises a
length/section of tubing 12 with an annular packer 14
mounted on the outside thereof.

[0096] In use the well casing 12 is deployed within a
well hole. The well casing 12 is secured in place within
the well hole using standard means, although it is envis-
aged that alloy annular packer might also be used for this
purpose.

[0097] Although not shown itis envisaged that the well
casing (orwell liner) may be provided with a skirt or 'cool
area’ to slow the flow of the melted alloy so that it is not
lost down the well but instead cools in the target region.
Further details of suitable skirting can be found in Inter-
national PCT Application No. WO2011/151271. It is ap-
preciated that the well fluids will act to quickly cool the
heated alloy ensuring that it is not in a flowing state for
very long.

[0098] Although notshown, itis envisagedthatthe skirt
may further comprise a swellable orintumescent material
that is caused to expand when exposed to heat. This
further enhances the ability of the skirt to check the flow
of the molten alloy so that it can cool in the target region.
[0099] Oncethewellcasing 12is secured in placewith-
in the well a well lining or liner 13 is delivered down the
well. The well lining/liner 13 has a diameter that is small
enough to enable it to pass inside both the well casing
13 and the annular packer 14.

[0100] Once the well lining/liner is located at its re-
quired position within the well (i.e. so that the majority of
the liner extends down the well away from the annular
packer) a heater 15 is deployed, via a cable line 16 (or
suitable alternative such as drill pipes), down the well
hole and into the well lining/liner 13. The heater 15 is
deployed to a target region in which the well casing, the
annular packer 14 and the well lining/liner 13 are all
aligned.

[0101] Once in position the heater, which is preferably
a chemical based heated source, is activated and the
alloy of the annular packer 14 is melted causing it to sag.
After a period of heating that is calculated to adequately
melt the alloy the heating stops (and the heater removed)
and the alloy is allowed to cool and resolidify. As the alloy
resolidifies it forms an annular seal 14a between the out
well casing 12 and the inner well lining/liner 13.

[0102] Figure 5a shows an alternative arrangement of
the liner hanger deployment shown in figure 5. Although
the components involved are the same, rather than
mounting the annular packer to the well casing 12, the
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annular packer 14 is mounted on the outside of the well
lining/liner 13. In this alternative arrangement the well
lining/liner 13 is essentially the same as the tubing shown
in figures 1-4.

[0103] The third aspect of the present invention is ap-
plicable in casing drilling operations, which are typically
employed when drilling into soft or loose formations (e.g.
sand, mud, etc..).

[0104] Figure 6 shows an embodiment according to
the third aspect of the present invention. The drilling cas-
ing 20 comprises a section of tubing in the form of a well
casing 21. An annular packer 22 is mounted in the outer
surface ofthe casing 21. On the leading end ofthe casing
is provided adrill head 23. In use the entire drilling casing
20 is rotated to affect a drilling action on a formation that
is comprised of loose material.

[0105] Itis envisionedthatthe dimensions ofthedrilling
casing components shown in Figure 6 are not limiting
andthe arrangementis primarily provided to demonstrate
the principle of operation ofthe third aspect ofthe present
invention. For instance it is envisaged that the diameter
of the drilling head 23 would in practise be closer to that
of the annular packer so that the well bore being formed
can accommodate the passage ofthe annular packer 22
as the drilling casing 20 carries out the drilling operation.
[0106] The operation of the drilling casing 20 will be
better appreciated upon consideration of Figure 7, which
show the key stages of a drilling action. The first stage
shown in Figure 7 represents the standard drilling oper-
ation wherein the drilling casing 20 is rotated about its
central axis so as to create a well bore 25 in the formation
24, Drilling fluid 26 is provided within the well bore 25
(possibly via the casing 20) to assist the drilling process
(i.e. cool the drilling tool and facilitate removal of
swarf/drilling waste from the drill face).

[0107] The first stage of Figure 7 shows a cavity 27 in
the drilling path of the well bore. In the second stage of
Figure 7 the drilling action has exposed the cavity 27 and
in doing so has allowed the drilling fluid 26 to leak away.
If left unchecked the loss of the drilling fluid would se-
verely impair the drilling process and could damage the
drilling tool 23.

[0108] In order to remedy this situation it would nor-
mally be necessary to stop the drilling and remove the
drilling casing so that a suitable sealing material (such
as cement) can be deployed to plug or cap off the cavity.
This operation is time consuming and thus, as a result
of lost oil production, extremely costly.

[0109] As will be appreciated from the third stage
shown in Figure 7, the drilling casing 20 of the present
invention provides a much quicker solution because the
eutectic or indeed other bismuth based alloy - which is
capable of providing an effective plug - is already present
in the locale of the cavity. It is therefore simply a case of
heating the eutectic/bismuth based alloy 22 so that it
melts, flows into the cavity and cools, thereby plugging
(or capping off) the cavity.

[0110] InFigure7,forthe sake ofaiding understanding,
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the heating means is shown as a separate heating tool
thatis deployed down the well, viathe inside ofthe casing
21, until it reaches the target region adjacent the annular
packer 22. It is envisaged that an alternative heat source,
preferably in the form of a chemical heat source, might
be provided on the drilling casing 20 before it is deployed.
This could be activated from the surface or remotely (e.g.
using a pressure pulse, radio wave, etc..).

[0111] The majority of the embodiments described so
far have involved the annular packer being mounted on
the outer surface of suitable tubing, whether in the form
of asection of production tubing, well casing/lining, adap-
tor tubing or a drilling casing.

[0112] Howeveritis envisionedthatthe annular packer
might also be mounted on the inner surface of suitable
tubing without departing from the scope of the present
invention. It is appreciated that suitable tubing may in-
clude sections of well casing and well lining.

[0113] In this regard reference is now made to Figure
8, which shows an embodiment of the tubing 30 of first
aspect ofthe present invention wherein the annular pack-
er 32 is mounted within the section of well casing 31 on
an inner surface thereof.

[0114] Once again, as with Figures 3 and 4, two vari-
ants of the tubing 30 are shown end on in Figures @ and
10. Specifically Figure 9 shows the variant of the annular
packer 32 with cement by-pass conduits in the form of
through holes 33, whereas Figure 10 shows a variant of
the annular packer 32 is provided with channels 34 in the
inner circumferential surface.

[0115] Figure 11 show three views (a combined, an
exploded, and a cross-sectional) of a preferred stackable
arrangement ofthe annular packer80. The annular pack-
er is shown without a well casing/tubing as such is not
essential to the provision of an operational annular pack-
er.

[0116] As will be best appreciated from the exploded
view, in the example shown the packer 80 is formed from
two end sections 81 and two middle sections 82 all of
which are joined together with connection means 83. Al-
though not shown in detail it will be appreciated that that
the connection means may be in the form of pairs of nuts
and bolts located around the perimeter of the annular
packer.

[0117] Although the shown example only has four sec-
tions it is envisaged that the number of middle sections
can be reduced or increased to vary the length of the
annular packer, thus making this embodiment much
more flexible for a range of repair jobs.

[0118] On the outside of each section is provided at
least one conduit clearance means 85, which essentially
comprise a metal spring ring that has been stretched fit
around the annular packer 80. Each spring ring is re-
tained within a recess 91 (see Figure 12). The spring ring
may preferably be made from steel as this is a relatively
cheap material. However, in cases where higher temper-
ature tolerances are required it is envisioned that alter-
native metals and alloys may be employed to form the
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spring ring.

[0119] Instretchingthe spring ring 85 the conduit clear-
ance means is forced out of its preferred state. The desire
of the spring ring to return to its original diameter serves
to resiliently bias the conduit clearance means towards
the annular packer and the conduits (not shown) that run
along its length through the middle of each packer sec-
tion. Further details of the operation of the conduit clear-
ance means are provided below.

[0120] In addition to the conduit clearance means 85,
the end packer sections 81 are provided with one ormore
rubber seals 84. These seals facilitate the formation of a
seal between the annular packer 80 and the tubing into
which the packer is inserted. In the shown example two
rubber seals are provided on each end section so as to
allow forone ofthe sealsto fail. This is important because
the seals can become damaged during the deployment
of the annular packer within an outer tubing structure. In
view of this it is envisaged that more than two rubber
seals may be provided on each section to provide addi-
tional redundancy.

[0121] Turning now to the cross-sectional view of the
stackable annular packer 80 it will be seen that further
seals 86 and conduit clearance means 87 are provided
on the inner surface of the annular packer 80.

[0122] The seals 86, which are only provided on the
end sections 81, are similar in nature to the externally
mounted seals 84.

[0123] Theinnerconduitclearance means 87 are once
again provided by spring rings. However in contrast to
the outer means 85 the inner spring rings are squeezed
into the inner space of the annular packer.

[0124] In squeezing the spring ring 87 the conduit
clearance means is forced out of its preferred state. As
with the outer means 85, the desire of the spring ring to
return to its original diameter serves to resiliently bias the
conduit clearance meanstowards the annularpackerand
the conduit (not shown) that runs along its length through
the middle of each packer section.

[0125] The arrangement of the conduit clearance
means 85 and 87 will be better understood from the en-
larged cross-sectional view of annular packer section 82
shown in Figure 12.

[0126] The section 82, and indeed each ofthe annular
packer sections, is essentially formed from an alloy 88.
Each section is preferably formed by casting the alloy 88
in to the required shape of the annular packer section
82. However, it is also envisioned that the end sections
might alternatively be formed from a metal, such as alu-
minium, to provide additional structural strength to the
packer.

[0127] The alloy 88 is cast with one or more recesses
91, 92 onits inner and outer surface to receive the above
described conduit clearance means 85, 87. The section
of eutectic alloy annular packer is also provided with a
void 90 into which tubing may be received.

[0128] Inthe shown example the alloy 88 of the packer
section 82, and indeed the entire packer 80, is provided
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with a plurality of conduits 89. As already explained the
purpose of each conduit 89 is to permit the flow of fluid,
and in particular cement, through the annular packerdur-
ing the completion of a well or setting of a plug, for in-
stance.

[0129] The conduit 89 is defined by the eutectic alloy
88. However once cement has been allowed to flow
through the conduit 89, as when cement is being pumped
down hole past the annular packer via one or more con-
duits 89, some cement can remain in the conduit and set
there.

[0130] The presence of a cement rod formed within
each conduit is considered undesirable as it would pre-
vent the alloy from forming a complete alloy plug across
the entire annular space (i.e. between the inner tubing,
such as a production tubing, and an outer tubing, such
as well casing). In view of this it is desirable to break up
the cement rod so that an unbroken eutectic plug can
form. This is the role of the conduit clearance means 85,
87.

[0131] Before the alloy 88 of the annular packer 80 is
melted the conduit clearance means 85, 87 are held in
abeyance by the body of the alloy. However once the
alloy begins to melt and flow the conduit clearance means
85, 87 are no longer held and they are able to 'spring
back’ to their preferred shape.

[0132] This results in the outer conduit clearance
means springing inwards towards the conduits and the
inner conduit clearance means springing outwards to-
wards the conduits. In both cases this results in any ce-
ment that may have accumulated in the conduit being
subjected to a smashing force, thereby breaking up the
cement. Breaking up the cement allows for melted alloy
the form an unbroken plug across the entire annular
space.

[0133] Turning now to Figures 13 and 14, which show
enlarged cross-sectional views ofthe end packer section
81,the operation ofthe rubberseals 84 will be considered
in more detail. The end section 81 is provided with a pair
of seals 84 on the outer surface of the end section and
on the inner surface of the end section.

[0134] The seals are provided within recesses located
towards the leading edge ofthe end section 81 to isolate
the main body of the eutectic alloy 88 from any cement
that is pumped into the well hole. Preferably the pairs of
seals are provided on both the innersurface and the outer
surface so as to allow for potential failure of one of the
seals during the deployment of the annular packer 80. It
is envisaged that more or less seals might be employed
as required without departing from the present invention.
[0135] In order to aid the description of the seal 84
Figure 14 is provided to show a further enlarged cross-
sectional view of a seal when the packeris inserted within
a tubing 93. As will be appreciated from Figure 14 the
seal 84 makes contact with the tubing 93 and in doing
so forms a seal.

[0136] The seal 84 is provided with at least one aper-
ture 94 so that the seal can be self-energising. When the
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seal is subjected to high pressure (e.g. fluid pressure)
from below the seal (as might occur in a typical installa-
tion) the aperture 94 allows the fluid to pass into the inner
space 95 of the seal 84. The flow of the high pressure
fluid into the inner space 95 serves to further push the
seal towards the tubing 93, thereby energising the seal
and increasing its sealing properties.

[0137] Although not shown in detail it is envisaged that
similar seals arrangements can be provided on the inner
surface of the packer section 81.

[0138] The deployment of an annular packer 80 ofthe
present invention will now be described with reference
to Figure 15, which shows some (although not necessar-
ily all) of the stages of the deployment process.

[0139] The annular packer 80 is inserted into a well
casing/tubing 1 10 that is located within a well bore in a
rock formation 100. The annular packer 80 is mounted
on an inner tube 97.

[0140] One ormore centralisers 96 are provided at the
ends of the annular packer 80 to ensure it remains cen-
tralised as it is deployed down the well casing/tubing 1
10. This is desirable as it ensures that the distance be-
tween the inner tube (upon which the annular packer is
mounted) 97 and the outerwell casing/tubing 1 10 is sub-
stantially the same all around the circumference. This in
turn aids the formation of a reliable eutectic plug.
[0141] Once the annular packer 80 is in position ce-
ment 120 is pumped down the well hole via the annular
space provided between the inner 97 and outerwell 1 10
tubing. When the cement reaches the annular packer 80
it enters the multiple conduits 89 that are provided therein
and flows through the packerto reach the annular space
below the packer.

[0142] The cementis then allowed to set and form the
cement plug between the inner 97 and outer 110 tubes.
The annular space above the annular packer may ormay
not be filled with cement 120 depending on the opera-
tional requirements of the well.

[0143] Atanytime afterthe cement 120 has set a heat-
er can be deployed down the well hole to region of the
annular packer80. This is the third stage shown in Figure
15. The heater 130, which is deployed using standard
delivery equipment such as a wire line 131, then heats
the annular packer 80 and melts the alloy so that a plug
can be formed in the normal way.

[0144] It will be appreciated that the conduits 89 are
filled with cement 120. The presence of solid cement path
within the body of the alloy is undesirable because such
might provide a potential leakage point within any alloy
plug formed. In view of this it is important that the cement
paths formed within the conduits are broken up. This
function is carried out by the conduit clearance means
85, 87.

[0145] As will be appreciated from the above descrip-
tion ofthe conduit clearance means 85, 87, once the alloy
88 of the packer 80 has begun to melt the spring rings
are no longer held in position and can spring back to-
wards the conduits. This action imparts a breaking force
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on the cement rods and smashes them into smaller non-
continuous pieces.

[0146] The smaller non-continuous pieces allow the
melted alloy to flow and form a continuous uninterrupted
alloy plug across the entire annular space between the
inner tubing 97 and the outer casing/tubing 110.

[0147] Although the above described application ofthe
annular packer relates to the completion of an oil/gas
well it is appreciated that the functionality of the packer
of the present invention extends to other applications.
[0148] For example, the packer can be placed in the
annulus during the completion of the well but not melted.
Then, when the well comes to the end of its useful life,
the annular packer can be melted in the annulus to form
a gas tight seal against which a well bore plug can be
set. Iltis envisagedthat this would help the company com-
ply with forming a gas tight seal from rock to rock.
[0149] Another example of an alternative application
is the deployment of the annular packer between produc-
ing zones in open hole gravel pack (OHGP). In this way
if one zone is watered out the annular packer can be
melted to seal off the gravel pack for that zone.

[0150] Figures 16 and 17 provide cross-sectional
views of an embodiment of a collar joint 40 that is de-
scribed for information purposes only. The collar joint is
provided with a first tubing engagement means 41a and
a second tubing engagement means 41b, both in the
form of inwardly facing screw threads. As will be appre-
ciated from figure 17 in particular the screw thread 41a
and 41b engage with complementary screw threads 46
and 46a on tubing sections 45 and 45a.

[0151] Although the screw threads of the collar joint
are shown as facing inwards it is envisioned that the
screw orientation of the screw threads on the collar and
the tubing could be reversed without departing from the
present invention (i.e. the screw threads on the tubing
could face inwards and the threads on the collar could
face outwards).

[0152] In the embodiment being described the collar
joint is provided with two separate rings 42 and 43 or
eutectic/bismuth alloy, one for each screw thread. The
upper alloy ring 42 is located in a recess (shown as 47
in figure 12) located above the upper screw thread 41a
of the collar joint 40. The lower alloy ring 43 is located in
arecess (shown as 48 infigure 12) above the lowerscrew
thread 41b.

[01563] When the tubing 45, 45a is screwed into the
collar joint 40 the recessing of the alloy rings ensures
that they do not create an obstruction.

[0154] Inthe eventthat the joint between the adjacent
sections of tubing 45, 45a develops a leak heater 49 is
deployed via the tubing 45 to a point that is adjacent the
collarjoint 40 via a standard delivery means 50 (e.g. wire
line). Once in place the heater 49 can be operated to
heat the alloy rings, which can then flow under gravity
into the screw threaded joint located below the respective
recesses 47, 48. The alloy is then allowed to cool and
expand within screw threaded region to enhance the seal



19 EP 3 180 491 B1 20

formed.

[01565] Although the alloy rings are intended for use
only when a leak develops at a joint it is also envisaged
that the alloy may be deployed even when there is not
leak with the sole purpose of providing an enhanced seal
at a joint section.

Claims

1. Athermally deformable annular packer (84) for seal-
ing an annular space between a gas oroilwell tubing
and either a second tubing or a surrounding forma-
tion, said packer formed from a eutectic material that,
upon melting, flows into the annular space and then
cools to seal the annular space; and
wherein said packer, which is configured to be
mounted to a gas or oil well tubing, comprises:

one or more conduits (10, 11, 33, 34, 89) orient-
ed at least substantially parallel to the central
axis of the packer so as to permit the flow of fluid
through the packer (84) when the packer is
mounted on a gas or oil well tubing; and
characterised in that the packeris formed from
a eutectic or bismuth based alloy and said con-
duits (10, 11, 33, 34, 89) are provided directly in
the alloy as either:

a) channels (11, 34) inthe innerand/orouter
circumferential surface of the alloy that
forms the annular packer (3, 22, 32); or

b) through holes (10, 33) in the alloy that
forms the main body of the annular packer
(3, 22, 32).

2. Thethermally deformable annular packer of claim 1,
further comprises one or more conduit clearance
means (85, 87) located adjacent to and resiliently
biased towards said one or more conduits (89), and
wherein, upon melting ofthe alloy, said conduit clear-
ance means spring back to their preferred shape
thereby imparting a breaking force on the contents
of said conduits.

3. The annular packer of claim 2, wherein the conduit
clearance means comprise one or more ring springs
mounted in recesses in either the inner, the outer or
boththe innerand outer surfaces ofthe annular pack-
er.

4. The annular packer of any of claims 1 to 3, wherein
the annular packeris formed from multiple stackable
components (81, 82).

5. Theannularpackerofclaim 4, wherein the stackable
components (81, 82) are provided with alignment
means to ensure that said conduits of each of the
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10.

1.

12.

13.

14.

components align to provide an unbroken pathway
through the annular packer.

The annularpackerofclaim4 or5, further comprising
one or more sealing means configured to form a seal
between the conduits of stacked components.

The annular packer of any of claims 1 to 6, further
comprising one or more sealing means mounted on
the inner surface, the outer surface or both the inner
and outer surface of the packer to facilitate the for-
mation of a seal between the annular packer and
adjacent well tubing.

A gas or oil well tubing (1, 20, 30) having an annular
packer (3, 22, 32) according to any one of claims 1-7
mounted thereon.

The tubing (1) of claim 8, wherein the annular packer
(3, 22, 32) is mounted on the inner surface of the
tubing; and wherein preferably the tubing is a well
casing or well lining.

Thetubing ofany of claims 8to 9, whereinthe annular
packer (3, 22) is mounted to the outer surface of the
tubing (1, 20); and wherein preferably the annular
packer (3, 22, 32) comprises multiple component
parts which are combinable to form the complete an-
nulus when mounted on the tubing.

The tubing (20) of claim 10, further comprising a drill-
ing tool (23) mounted to the leading end thereof.

A gas oroilwell casing orlining drilling tool (20) com-
prising the tubing of claim 11.

A liner hanger comprising a tubing according to any
one of claims 8-10.

A method of manufacturing a gas or oil well tubing,
said method comprising:

providing a length of tubing (1, 20, 30); and
mounting a eutectic annular packer (3, 22, 32)
to the tubing; and

characterised in that the annular packer is
formed from a eutectic or bismuth based alloy
and the method further comprises providing one
or more conduits (10, 11, 33, 34) directly in the
alloy, said conduits running substantially parallel
to the tubing; and

wherein the conduits are either:

a) provided as channels (11, 34) in the inner
and outer surface of the alloy that forms the
annular packer; or

b) provided as through holes (10, 33) run-
ning through the alloy that forms the main
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body of the packer.

The method of manufacturing a gas or oil well tubing
of claim 14, wherein the annular packer is provided
in the form of multiple component parts and the step
of mounting the annular packerto the tubing involves
securing the component parts together around the
circumference ofthe tubing to complete the annulus.

The method of manufacturing a gas or oil well tubing
of claim 14, wherein the annular packer is formed
within the tubing by either:

i} providing a melted eutectic/bismuth based al-
loy within the tubing and allowing it to cool; and
drilling a hole through the alloy along the central
axis of the tubing; or

i) locating a blocking tube concentrically within
the tubing;

providing a melted eutectic/bismuth alloy
withinthe annular space between the tubing
and the blocking tube;

allowing the alloy to cool; and

removing the blocking tube from within the
cooled alloy to leave a void.

A method of sealing a leak in a completed oil/gas
well using the tubing according to any of claims 8 to
10 by heating the annular packer in situ to melt the
alloy and seal the leak.

The method of sealing a leak in a completed oil/gas
well of claim 17, wherein either:

a) a heating tool is deployed down the well to
apply heat to the annular packer and cause it to
melt; or

b) the tubing further comprises heating means
that can be activated remotely to melt the alloy;
and wherein further preferably the heating
means are provided by a chemical heat source.

Patentanspriiche

1.

Thermisch verformbarer ringférmiger Packer (84)
zum Abdichten eines Ringraums zwischen einer
Gas- oder Erd6lbohrlochverrohrung und entweder
einer zweiten Verrohrung oder einer umgebenden
Formation, wobei der Packer aus einem eutekti-
schen Material hergestellt ist, das beim Schmelzen
in den Ringraum fliet und dann abkihlt, um den
Ringraum abzudichten; und

wobei der Packer, der dafiir konfiguriert ist, an einer
Gas- oderErdélbohrlochverrohrung montiert zu wer-
den, umfasst:
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eine oder mehrere Leitungen (10, 11, 33, 34,
89), die mindestens im Wesentlichen parallel zu
der Mittelachse des Packers orientiert sind, um
den Fluss von Fluid durch den Packer (84) zu
erlauben, wenn der Packer auf einer Gas- oder
Erdélbohrlochverrohrung montiert ist; und
dadurch gekennzeichnet, dass der Packer
aus einer eutektischen oder wismutbasierten
Legierung hergestellt ist und die Leitungen (10,
11, 33, 34, 89) direkt in der Legierung bereitge-
stellt sind, entweder als:

a) Kanale (11, 34) in der inneren und/oder
duBeren Umfangsflache der Legierung, die
den ringférmigen Packer (3, 22, 32) bildet;
oder

b) Durchgangslécher (10, 33) in der Legie-
rung, die den Hauptk&rperdes ringférmigen
Packers (3, 22, 32) bildet.

Thermisch verformbarer ringférmiger Packer nach
Anspruch 1, ferner umfasst ein oder mehrere Lei-
tungsraumungsmittel (85, 87), die an die eine oder
mehreren Leitungen (89) angrenzend angeordnet
und elastisch hin zu dieser/diesen vorgespannt
ist/sind und wobei, beim Schmelzen der Legierung,
die Leitungsrdumungsmittel in ihre bevorzugte Form
zuriickfedern, wodurch eine Losbrechkraft auf den
Inhalt der Leitungen ausgeliibt wird.

Ringférmiger Packer nach Anspruch 2, wobei die
Leitungsraumungsmittel eine oder mehrere Ringfe-
dern umfassen, die in Aussparungen in entweder
der Innen-, der Auf3en- oder sowohl der Innen- als
auch Aufienflache des ringférmigen Packers mon-
tiert sind.

Ringférmiger Packer nach einem der Anspriiche 1
bis 3, wobei der ringférmige Packer aus mehreren
stapelbaren Komponenten (81, 82) gebildet ist.

Ringférmiger Packer nach Anspruch 4, wobei die
stapelbaren Komponenten (81, 82) mit Ausrich-
tungsmitteln versehen sind, um sicherzustellen,
dass die Leitungen jeder der Komponenten ausge-
richtet sind, um einen ununterbrochenen Weg durch
den ringférmigen Packer vorzusehen.

Ringférmiger Packer nach Anspruch 4 oder 5, ferner
umfassend ein oder mehrere Dichtungsmittel, die
daflir konfiguriert sind, eine Dichtung zwischen den
Leitungen von gestapelten Komponenten zu bilden.

Ringférmiger Packer nach einem der Anspriiche 1
bis 8, fernerumfassend ein oder mehrere Dichtungs-
mittel, die aufder Innenflaiche, der AuRenflache oder
sowohl der Innen- als auch Auenflache des Pa-
ckers montiert sind, um die Bildung einer Dichtung
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zwischen dem ringférmigen Packer und der angren-
zenden Bohrlochverrohrung zu ermdéglichen.

Gas- oder Erdélbohrlochverrohrung (1, 20, 30) mit
einemdarauf montierten ringférmigen Packer (3, 22,
32) nach einem der Anspriiche 1-7.

Verrohrung (1) nach Anspruch 8, wobei der ringfor-
mige Packer (3, 22, 32) auf der Innenflache der Ver-
rohrung montiert ist; und wobei, bevorzugt, die Ver-
rohrung eine Bohrlochauskleidung oder ein Bohr-
lochfutter ist.

Verrohrung nach einemderAnspriiche 8 bis 9, wobei
der ringférmige Packer (3, 22) an der Aufzenflache
der Verrohrung (1, 20) montiert ist; und wobei, be-
vorzugt, der ringférmige Packer (3, 22, 32) mehrere
Bestandteile umfasst, die kombinierbarsind, umden
vollstandigen Ring bei Montage auf der Verrohrung
zu bilden.

Verrohrung (20) nach Anspruch 10, ferner umfas-
send ein Bohrwerkzeug (23), das an dem vorderen
Ende davon montiert ist.

Gas- oder Erdélbohrlochauskleidungs- oder -futter-
bohrwerkzeug (20), umfassend die Verrohrung nach
Anspruch 11,

Lineraufhdngevorrichtung, umfassend eine Verroh-
rung nach einem der Anspriiche 8-10.

Verfahren zur Herstellung einer Gas- oder Erdél-
bohrlochverrohrung, wobei das Verfahren umfasst:

Bereitstellen einer Verrohrungslange (1, 20, 30);
und

Montieren eines eutektischen ringférmigen Pa-
ckers (3, 22, 32) an der Verrohrung; und
dadurch gekennzeichnet, dass der ringférmi-
ge Packer aus einer eutektischen oder wismut-
basierten Legierung hergestellt ist und das Ver-
fahren ferner das Bereitstellen einer oder meh-
rerer Leitungen (10, 11, 33, 34) direkt in der Le-
gierung umfasst, wobei die Leitungen im We-
sentlichen parallel zu der Verrohrung verlaufen;
und

wobei die Leitungen entweder:

a) als Kandle (11, 34) inder Innen- und Au-
Benflache der Legierung, die den ringférmi-
gen Packer bildet, bereitgestellt sind; oder
b) als Durchgangslécher (10, 33) bereitge-
stellt sind, die durch die Legierung, die den
Hauptk&rper des Packers bildet, verlaufen.

Verfahren zur Herstellung einer Gas- oder Erdél-
bohrlochverrohrung nach Anspruch 14, wobei der

10

15

20

25

30

35

40

45

50

55

13

EP 3 180 491 B1

16.

17.

18.

24

ringférmige Packer in Form von mehreren Bestand-
teilen bereitgestellt ist und der Schritt der Montage
desringférmigen Packers anderVerrohrung das Be-
festigen der Bestandteile aneinander um den Um-
fang der Verrohrung, um den Ring abzuschlieBen,
beinhaltet.

Verfahren zur Herstellung einer Gas- oder Erddl-
bohrlochverrohrung nach Anspruch 14, wobei der
ringférmige Packer innerhalb der Verrohrung gebil-
det wird, entweder durch:

i) Bereitstellen einer geschmolzenen eutekti-
schen/wismutbasierten Legierung innerhalb der
Verrohrung und deren Abkiihlenlassen; und
Bohren eines Lochs durch die Legierung ent-
lang der Mittelachse der Verrohrung; oder

iiy Anordnen eines Blockierrohrs konzentrisch
innerhalb der Verrohrung;

Bereitstellen einer geschmolzenen eutekti-
schen/Wismut-Legierung innerhalb des
Ringraums zwischen der Verrohrung und
dem Blockierrohr;

Abkiihlenlassen der Legierung; und
Entfernen des Blockierrohrs aus dem Inne-
ren der abgekihlten Legierung, um einen
Hohlraum zu hinterlassen.

Verfahren zur Abdichtung eines Lecks in einem ab-
geschlossenen Erdél-/Gasbohrloch unter Verwen-
dung der Verrohrung nach einem der Anspriiche 8
bis 10 durch Erhitzen des ringférmigen Packers in
situ, um die Legierung zu schmelzen und das Leck
abzudichten.

Verfahren zur Abdichtung eines Lecks in einem ab-
geschlossenen Erdél-/Gasbohrloch nach Anspruch
17, wobei entweder:

a) ein Heizwerkzeug in dem Bohrloch eingesetzt
wird, um Hitze auf den ringférmigen Packer an-
zuwenden und ihn zum Schmelzen zu bringen,
oder

b) die Verrohrung ferner Heizmittel umfasst, die
ferngesteuert aktiviert werden kénnen, um die
Legierung zu schmelzen; und wobei ferner, be-
vorzugt, die Heizmittel von einer chemischen
Hitzequelle bereitgestellt werden.

Revendications

Une garniture d’étanchéité annulaire thermiquement
déformable (84) pour étanchéiser un espace annu-
laire entre un tubage de puits de gaz ou de pétrole
et, soit un deuxiéme tubage, soit une formation en-
vironnante, ladite garniture d’'étanchéité étant for-
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mée a partir d'un matériau eutectique qui, lorsqu'il
fond s’écoule dans I'espace annulaire, puis refroidit
pour étanchéiser I'espace annulaire ; et

dans laquelle ladite garniture d'étanchéité, qui est
configurée pour étre montée a un tubage de puits
de gaz ou de pétrole, comprend :

un ou plusieurs conduits (10, 11, 33, 34, 89)
orientés au moins sensiblement paralléles a
I'axe central de la garniture d’étanchéité de fa-
con a permettre I'écoulement de fluide traver-
sant la garniture d’étanchéité (84) quand la gar-
niture d’'étanchéité est montée sur un tubage de
puits de gaz ou de pétrole ; et

caractérisé en ce que la garniture d'étanchéité
estformée a partird’un alliage a base de bismuth
ou eutectique et lesdits conduits (10, 11, 33, 34,
89) sont disposés directement dans l'alliage en
tant que :

a) soit des canaux (11, 34) dans la surface
circonférentielle intérieure et/ou extérieure
de l'alliage qui forme la garniture d'étan-
chéité annulaire (3, 22, 32) ;

b) soit des trous traversants (10, 33) dans
I'alliage qui forme le corps principal de la
garniture d'étanchéité annulaire (3, 22, 32).

La garniture d’étanchéité annulaire thermiquement
déformable selon la revendication 1, comprend en
outre un ou plusieurs moyens de dégagement des
conduits (85, 87) situés adjacents a et sollicités de
maniére élastique vers ledit ou lesdits conduits (89),
et dans laquelle, lorsque [l'alliage fond, lesdits
moyens de dégagement des conduits reviennent a
leur forme préférée ce qui confére une force de rup-
ture sur le contenu desdits conduits.

La garniture d’étanchéité annulaire selon la reven-
dication 2, dans laquelle les moyens de dégagement
des conduits comprennent un ou plusieurs ressorts
annulaires montés dans des renfoncements dans
soit la surface intérieure, soit la surface extérieure,
soit a la fois les surfaces intérieure et extérieure de
la garniture d’étanchéité annulaire.

La garniture d’étanchéité annulaire selon I'une quel-
conque des revendications 1 a 3, dans laquelle la
garniture d’étanchéité annulaire est formée a partir
de plusieurs composants empilables (81, 82).

La garniture d’étanchéité annulaire selon la reven-
dication 4, dans laquelle les composants empilables
(81, 82) sont munis de moyens d’alignement pour
garantir que lesdits conduits de chacun des compo-
sants s'alignent pour fournir un passage ininterrom-
pu a travers la garniture d’'étanchéité annulaire.
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La garniture d’étanchéité annulaire selon la reven-
dication 4 ou 5, comprenant en outre un ou plusieurs
moyens d'étanchéité configurés pour former un joint
étanche entre les conduits de composants empilés.

La garniture d’étanchéité annulaire selon I'une quel-
conque des revendications 1 & 6, comprenant en
outre un ou plusieurs moyens d’'étanchéité montés
sur la surface intérieure, la surface extérieure ou a
la fois les surfaces intérieure et extérieure de la gar-
niture d'étanchéité pour faciliter la formation d’'un
joint étanche entre |la garniture d’étanchéité annulai-
re et le tubage de puits adjacent.

Un tubage de puits de gaz ou de pétrole (1, 20, 30)
ayant une garniture d’'étanchéité annulaire (3, 22,
32) selon I'une quelconque des revendications 1-7,
montée sur celui-ci.

Le tubage (1) selon la revendication 8, dans lequel
la garniture d’étanchéité annulaire (3, 22, 32) est
montée sur la surface intérieure du tubage ; et dans
lequel le tubage est, de préférence, un cuvelage de
puits ou un revétement de puits.

Le tubage selon I'une quelconque des revendica-
tions 8 a 9, dans lequel la garniture d'étanchéité an-
nulaire (3, 22) est montée sur |la surface extérieure
dutubage (1, 20) ; etdans lequel la garniture d’étan-
chéité annulaire (3, 22, 32) comprend de préférence
plusieurs piéces composantes qui peuvent &tre com-
binées pour former I'espace annulaire complet lors-
gu’elles sont montées sur le tubage.

Le tubage (20) selon la revendication 10, compre-
nant en outre un outil de forage (23) monté a I'extré-
mité avant de celui-ci.

Un outil de forage pour cuvelage ou revétement de
puits de gaz ou de pétrole (20) comprenant le tubage
selon la revendication 11.

Un dispositifde suspension de colonne perdue com-
prenant un tubage selon l'une quelconque des re-
vendications 8-10.

Un procédé de fabrication d’'un tubage de puits de
gaz ou de pétrole, ledit procédé consistant a :

disposer une longueur de tubage (1, 20, 30) ; et
monter une garniture d'étanchéité annulaire eu-
tectique (3, 22, 32) sur le tubage ; et

caractérisé en ce que la garniture d'étanchéité
annulaire est formée a partir d'un alliage a base
de bismuth ou eutectique et en ce que le pro-
cédé consiste en outre a disposer un ou plu-
sieurs conduits (10, 11, 33, 34) directement
dans l'alliage, lesdits conduits étant sensible-
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ment paralléles au tubage ; et
dans lequel les conduits sont :

a) soit fournis en tant que canaux (11, 34)
dans les surfaces intérieure et extérieure de
I'alliage qui forme la garniture d’'étanchéité
annulaire ;

b) soit fournis en tant que trous traversants
(10, 33) traversant l'alliage qui forme le
corps principal de la garniture d’étanchéité.

Le procédé de fabrication d’'un tubage de puits de
gaz ou de pétrole selon la revendication 14, dans
lequel la garniture d'étanchéité annulaire est fournie
sous la forme de plusieurs piéces composantes et
I'étape de montage de la garniture d’étanchéité an-
nulaire sur le tubage consiste a fixer les piéces com-
posantes ensemble autour de la circonférence du
tubage pour compléter I'espace annulaire.

Le procédé de fabrication d’'un tubage de puits de
gaz ou de pétrole selon la revendication 14, dans
lequel la garniture d’étanchéité annulaire est formée
a l'intérieur du tubage par le fait de :

i} soit disposer un alliage a base de bismuth /
eutectique fondu a l'intérieurdutubage et lui per-
mettre de refroidir ; et

forer un trou traversant 'alliage le long de 'axe
central du tubage ;

i) soit placer un tube de blocage concentrique-
ment a l'intérieur du tubage ;

disposer un alliage a base de bismuth / eu-
tectiqgue fondu a l'intérieur de I'espace an-
nulaire entre le tubage et le tube de
blocage ;

permettre a 'alliage de refroidir ; et

retirer le tube de blocage de l'intérieur de
I'alliage refroidi pour laisser un vide.

Un procédé d’étanchéification d'une fuite dans un
puits de gaz ou de pétrole achevé en utilisant le tu-
bage selon 'une quelconque des revendications 8
a 10 en chauffant la garniture d'étanchéité annulaire
in situ pour faire fondre l'alliage et étanchéiser la
fuite.

Le procédé d'étanchéification d’'une fuite dans un
puits de gaz ou de pétrole achevé selon la revendi-
cation 17, dans lequel :

a) soit un outil de chauffage estdéployé dans le
puits pour appliquer de la chaleur a |la garniture
d'étanchéité annulaire et la faire fondre ;

b) soit le tubage comprend en outre un moyen
de chauffage qui peut étre actionné a distance
pour faire fondre l'alliage ; et dans lequel le
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moyen de chauffage est fourni plus préférable-
ment par une source de chaleur chimique.
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