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(57) Abstract: A method for forming an offshore well com-
prises forming a well structure which includes a lower well
portion extending below a seabed and an upper well portion
extending upwardly between the seabed and a terminating up-
per end of the well structure, wherein the well structure com-
prises a plurality of concentrically arranged tubular strings
and at least one annulus defined therebetween. The method
includes steps for minimising the bending stitfhess of the up-
per well portion, In one example minimising the bending
stiffness of the upper well portion may comprise partially
filling at least one annulus with cement to a height which is
intermediate the seabed and the terminating upper end of the
well structure, in another example minimising the bending
stiffness of the upper well portion may comprise providing a
cement disruptor within at least one annulus and locating ce-
ment within said at least one annulus to define a cement
sheath, wherein the cement disruptor reduces resistance of at
least a portion of the cement sheath to bending of the upper
well portion. in a further example minimising the bending
stiffness of the upper well portion may comprise locating a
flexible material within at least one annulus; and in a further
example minimising the bending stiffness of the upper well
portion may comprise varying the bending stiffness along at
least one of the plurality of tubular strings.
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METHODS AND APPARATUS FOR FORMING AN OFFHORE WELL

FELD

The present invention relates to methods and apparatus associated with forming an

offshore well.

BACKGROUND

in the offshore ol and gas industry wellbores are drilled below the seabed, and once a
well has been drilled and appraised, it will be completed with the appropriate downhole
infrastructure 1o permit production (and/or injection), and then capped at the wellhead
with a production tree. The production tree may be located on a subsea wellhead, with
a tie back 1o a surface production facility. In allemative arrangements the tree may be
located at surface, on a wellhead platform. Mulliple wellbores will typically be present,

such that a cluster of trees are provided on the wellhead platform.

In surface welihead instaliations a conductor pipe is first installed from a surface
platform and into the seabed, for example by piling, such that a portion of the conductor
pipe extends above the surface of the sea and terminates at a deck level on the
surface platform. The well bore is then drilled through the conductor to a first depth,
with a surface casing string installed into the drilled bore and extending back to the
surface platform. In some installations the conductor pipe may include a casing
support system or hanger near a lower end thereof for providing support {0 the surface

casing.

The annulus defined between the conductor pipe and surface casing is filled with
cement o form a cement sheath, which provides a sealing and support/stability
function. In typical cementing operations a volume of cement is pumped downwardly
through the surface casing string and upwardly within the annulus. Due {o some
uncertainties, such as potential loss of cement o the surrounding geology, cementing
is may in some examples be performed until the cement is visually identified returning
from the annulus at the surface platform, e.g. 10 ensure the annulus is completely filled.
The wellbore may then be exiended in stages, with intermediate and production casing

strings run and cemented as required, until total depth is achieved.
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With such conventional surface weill installation techniques a well is thus constructed
which has an upper wall region extending upwardly from the seabed and terminating at
an upper end, which is at the surface platform. The upper well region includes the

conductor pipe, various casing strings and annulus cement sheaths.

The present applicant has developed a new type of offshore platform and procedure in
which the upper end of the well is moveable, for example laterally moveable. Such a
new type of offshore platform/procedure is disclosed in applicant’'s co-pending patent
applications DK PA2015 00668 and GB 1522856.2, the disclosure of which is
incorporated herein by reference. However, the bending stiffness of the upper region
of the well can be significant, such that movement of the upper end may, in particular,
generate large stresses within the individual well components which could lead to
potential well integrity issues. Further, an important consideration is to avoid, as far as
possible, impairing well life with such movemenis.  Also the rigidity of the cement may
result in cracking or failure of the cement when moving the upper part of the well. Such
cracks may appear randomly throughout the length of the upper well region at unknown
or undesired locations, potentially causing leak paths and/or compromising the stability
of the well. Further, such cement cracking may potentially lead to unknown corrosion,

or increased corresion of the well components, for example by establishing leak paths.

SUMMARY

Aspects or embodiments may relate to methods and apparatus for improving the
flexibility of an upper portion of an offshore well which extends upwardly belween a

seabed and a terminating upper end of the wall.

Such aspects or embodiments may assist o maintain well integrity during bending of
the upper portion of the well caused by movement of the terminating upper end of the
well, it will be appreciated that the term "bending” as used herein encompasses elastic
deformation of the upper part, plastic deformation of the upper part and a combination
of the two. As such “bending” may be considered synonymous with flexing of the
upper part such that the upper end will return to its original (or first) position after
bending. Such movement may be performed in accordance with desired operator

procedures, such as those described in the applicant’s co-pending patent applications
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DK PAZ015 00668 and GB 15228586.2, the disclosure of which is incorporated herein
by reference. Further, such aspecis or embodiments may assist {o reduce siresses

generated within the well or individual components thereof during movement thersof,

An aspect or embodiment relates to a method for forming an offshore well, comprising:

forming a well struciure which includes a lower well portion, which may also be
termed a sublerranean well portion, exiending below a seabed and an upper well
portion, which may also be termed an upper part of a well, extending upwardly between
the seabed and a terminating upper end of the well structure, wherein the well struciure
comprises a plurality of concentrically arranged tubular strings and at least one annulus
defined therebstween; and

minimising the bending stiffness of the upper well portion.

Anocther aspect or embodiment relates 10 a method for forming an offshore weli,
comprising: forming a well structure which includes a lower well portion extending
below a seabed and an upper well portion extending upwardly between the seabed and
a terminating upper end of the well structure, wherein the upper part comprises at least
one tubular siring, such as a conductor pipe; and minimising the bending stifiness of
the upper well portion.  Such arrangements may comprise a subsea wellhead and the
lower portion of the well below the subsea wellhead may comprise a well structure
comprising a plurality of concentrically arranged tubular strings and at least one

annulus defined therebetwesn.

Ancther aspect or embodiment relates to a method for forming an offshore well,
comprising: forming a well structure which includes a well exiending below a seabed;
capping the well with a subsea wellhead; providing a rig link, such as a high pressure
riser, extending upwardly o a terminating upper end; and minimising the bending

stiffness of the upper part.

Minimising the bending sliffness of the upper well portion may comprise at least one of:
partially filling at least one annulus with cement 1o a height below the height of
the terminating upper end of the upper well portion and/ocr a2 height which is
intermediate the seabed and the terminating upper end of the well structure;
providing at least one cement disruptor within at least one annuius and locating

cement within said at least one annulus 1o define a cement shaath, whersin the cement
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disruptor reduces resisiance of at least a portion of the cement sheath to bending of
the upper well portion;
locating a flexible material within at least one annulus; and

varying the bending stiffness along at least one of the plurality of tubular strings.

An aspect or embodiment relates to a method for forming an offshore well, comprising:
forming a well structure which includes a lower well portion extending below a
seabed and an upper well portion extending upwardly between the seabed and a
terminating upper end of the well structure, wherein the well structure comprises a
plurality of concentrically arranged tubular strings and at least one annulus defined
therebetween,
wherein the method further comprises at least one of:
partially filling at least one annulus with cement to a height below the
height of the terminating upper end of the upper well portion and/or a height
which is intermediate the seabed and the terminating upper end of the well
structure;
providing a cement disruptor within at least one annulus and locating
cement within said at least one annulus o define a cement sheath, wherein the
cement disruptor reduces resistance of at least a portion of the cement sheath
to bending of the upper well portion; and
locating a flexible material within at least one annulus; and
varying the bending stiffness along al least one of the plurality of tubular

strings.

In the methods and apparatus disclosed herein, the height that is intermediate the
seabed and the terminating upper end of the well structure may be a specific,

predetermined height.

The bending stiffness of the upper well portion may thus be intentionally minimised or
reduced to improve its bending flexibility. This may assist in minimising risk of
compromising well integrity during bending of the upper portion of the well caused by
movement of the terminating upper end. Such movement of the terminatling upper end
may, for example, be in support of desired operator procedures. The improved
bending flexibility may assist to reduce stresses generated within the well or individual

well components, minimise leak path issues, avoid impairing the life of the well, and the
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like. Furthermore, the reduced bending stiffness may enable a larger movement

amplitude to be achieved.

The upper well portion may extend above a surface of the sea with the terminating
upper end of the well struclure aligned with a surface platform, such as a wellhead

platform.

The terminating upper end may be secured or securable o a welihead. In specific
arrangements, the upper end of the conductor pipe at the level of the wellhead may be

arranged {0 receive a wellhead.

As noted above, the upper well portion comprises concentrically arranged tubular
strings. However, the term “concentrically” is not intended o be limiled fo tubular
strings which precisely share the same centre axis, but is intended to relate to the
arrangement of one tubular string located inside ancther, and an eccentric alignment
between tubular strings is possible. The term “annulus” is to be construed accordingly,
and is intended to generally define a space between adjacent tubular strings, in

accordance with normal partance in the art.

it should alsc be understood that while terms such as "sea’, "seabed”, “sea surface”
and the like are used herein, this is not intended o be siriclly limited to bodies of water

classed as seas, but should cover any body of water.

Further, the term “tubular string”, and generally the term “string” as used herein is
intended to cover tubular, tubing or pipe structures of any length, whether formed as a

single piece or as muitiple pieces secured or otherwise arranged together.

Atleast one tubular string may comprise a conductor pipe.

At least one wbular string may comprise a casing siring, such as a surface casing

string, intermediate casing string, production casing string and/or the like.

An aspect or embodiment relates to a method for forming an offshore well, comprising:
forming a well structure which includes a sublerranean well portion exiending

below a seabed and an upper part extending between the seabed and a terminating
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upper end of the well struciure, wherein the well structure comprises a first tubular
string and a second tubular string located within the first tubular string with a first
annuius defined therebetween: and

partigily filling the first annulus with cement 1o a first height which is

intermediate the seabed and the terminating upper end of the well structure.

A region of the first annulus above the first height may be substantially void of cement.
The bending stiffness of the upper well portion may thus be intenticnally minimised o
improve bending flexibility. This may assist in minimising risk of compromising well
infegrity during bending of the upper well portion, for example by reducing stresses
generated within the well or individual well components, by minimising leak path

issues, and the like.

Bending of the upper well portion may be primarily focussed above the first height by
virtue of the overall lower bending stiffness established by the absence of cement.
This may minimise induced stresses within the cement below the first height and, for
example, minimise poiential compromise to the integrity of the cement in the first

annulus below the first height.

The provision of a region of the first annulus above the first height which is substantially
void of cement may permit a differential rate and/or magnitude of bending to be
achieved between the first and second tubular sirings during bending of the upper well
portion. For example, during bending of the upper well portion the first (which may be
defined as an outer) tubular string may be displaced further than the second {(which
may be defined as an inner) tubular string. This may, 10 a ceriain extent, minimise

exposure of the second tubular string to bending induced stresses.

The upper well portion may extend above a surface of the sez with the terminating
upper end of the well struciure aligned with a surface platform, such as a wellhead
platform. The upper well portion may extend around 1 to 30 melers above the surface
of the sea, for example around 10 {0 20 meters above the surface of the sea. In one
embodiment the upper well portion may extend around 15 meters above the surface of

the sea
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The first tubular string may define an outermost tubular string of the upper well portion.
Alternatively, the first tubular string may define an intermediate tubular string of the
upper well portion. That is, the first tubular string may be lccaled within a further

tubular string.

The first and second tubular strings may extend at least from the level of the seabed to

the terminating upper end of the well structure.

The method may comprise installing the first tubular string and then installing the
second tubular string within the first tubular siring. The second tubular string may
extend through the first tubular string and into a drilled bore which extends below the

first tubuilar string.

The first tubular string may comprise a conductor pipe. The method may comprise
inserting the conductor pipe into the seabed such that a portion of the conductor pipe
extends upwardly from the seabed 1o the terminating upper end of the well structure.
The upper end of the well structure may aiso be termed the upper end of the

conductor. The conductor pipe may be installed by piling, for example.

The second tubular string may comprise a casing string, for example a surface casing
string. The method may comprise inserting the casing string within the conductor pipe
io define the first annulus therebetween, wherein the casing string extends upwardly o
the terminating upper end of the well structure. The casing string may exiend info a

drilied bore formed below the conductor pipe.

The first tubular string may comprise a first casing string, such as a surface casing
string, intermediate casing string or the like. The second tubular string may comprise a
second casing string located within the first casing string. The second casing sting

may comprise an intermediate casing string, production casing string or the like.

The method may comprise pumping cement into the first annulus, for example
downwardly through the second tubular string and upwardly into the first annulus.
Conventional cementing technigues may be used. The method may comprise ceasing

pumping of the cement when the first height has been reached.
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The first height of cement within the first annulus may be above seabed level, for
example between 2 and 100 meters above seabed ievel. in one embodiment the first
height may be around 5 meters above seabed level. The first height of cement within
the first annulus may be below a sea surface level. In one embodiment the first height
of cement may be, for example, between 2 and 100 meters below the sea surface, for
example between 30 and 70 meires below the sea surface, such as around 85 meters
below the sea surface. In cother arrangements, the first height may be below the
seabed level, for example in the lower well portion. In such arrangements, the first

height may up to 20 metres below the seabed level.

The method may comprise measuring the height of cement within the first annulus
during filling of said first annulus. Such an arrangement may permit an operator to
determine when the first height of the cement has been achieved. The method may
comprise measuring the level of cement with one or more of a smart casing sysiem,
measuwring wire, siring with gravity load, distribuled sensing system, an ulirasonic

imager tool (USIT) and the like, or by cement bond logging.

The method may comprise providing a desired volume of cemeni and placing this

desired volume of cement within the annulus such that the first height is achieved.

A tubular string support system, such as a casing hanger, may be provided beltween
the first and second tubular strings. The tubular siring support system may function to
permit load transference, for example axial load transference, between the first and
second tubular strings. The tubular string support system may funclion as a guids, for
example to space or centralise the second iubular string within the first tubular siring.

This may increase flexibility of the upper well portion.

A tubular guide system may be provided between the first and second tubular strings.

The method may comprise posilioning cement within the first annuius at least {0 the
level of the tubular string support system or guide. That is, the tubular string support
system or guide may be located at, above or below the first height. The method may

comprise embedding the tubular siring support system or guide within the cement.
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The method may comprise washing or flushing out the first annulus above the first
height of the cement. Such an arrangement may assist to ensure the first annulus is

only partially filled with cement.

The method may comprise manoesuvring or moving the terminating upper end of the
well structure, wherein such movement induces bending of the upper well portion.
Such movement may include moving the first tubing string only.  Alternatively, such
movement may include moving both the first and second tubing strings. Accordingly,
references to movement of the terminating upper end of the well structure may include

movement of one or both of the first and second tubular strings.

In one emboediment the method may comprise moving the terminating upper end of the
well structure between first and second positions.  Such movement may cause the
upper well portion to bend or further bend. In one embodiment the upper well portion
may be in an unbent or low-stress configuration when the terminating upper end is
located in one of the first and second positions, and in a bent or increased-stress
configuration when the terminating upper end is located in the other of the first and

second positions.

The method may comprise forming at least a portion of the well struclture with the
terminating upper end thereof in one of the first and second positions, and
subseguenily moving the terminating upper end of the well structure to the other of the
first and second positions. For example, the methed may comprise forming the well
structure with the terminating upper end thereof in the first position, and subseguently

moving the terminating upper end of the well structure to the second position.

The first position may define an access position, which may be a parking, a storage, an
injection, and/or a production position. The access position may be established o
permit installation of one or more components of the well struclure, deployment of
downhole equipment such as completion eqguipmeni, tocling and the like. The access
position may permit workover or intervention operations to be performed on the well
structure  and/or associated equipment. The access position may permit

decommissioning of at ieast part of the well structure and/or associated equipment.

The first position may be generally aligned with a drill centre of a drilling rig.
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The second position may define a use position, which may be a weli processing and/or
drilling position. The use position may be established when the well structure is 1o be
used in its infended operation, such as production, injection and/or the like. In some
embodiments the second position may be established for one or more intervention

operations, such as to change compietion equipment and the like.

The method may comprise moving the terminating upper end of the well structure to a

third and optionally subsequent positions.

The method may comprise performing a subsequent cementing operation o add
cement into the first annulus 1o a second height. The second height may be at or inthe
region of the terminating upper end of the well struclure. This subsequent cementing

operation may result in the first annulus being completely filled with cement.

The subseguent cementing operation may be performed following a desired movement
of the terminating upper end of the well structure. In this way, the partial cement fill
may permit improved flexibiiity of the upper well portion during the desired movement
while minimising risks to well integrity, well life and the like, while the subssguent

cementing operation may allow a more conventional final instaliation.

The subseguent cementing operation may comprise top-filling cement into the first
annulus. The subsequent cementing operation may comprise creating a circulation
path to permit circulation of cement into the first annulus. Such a circulation path may
be partially defined within the second tubular string. Such a circulation path may be
between the first annulus and a second annulus within the well structure.  The

subseguent cementing operation may comprise a cement squeeze operation.

The method may comprise placing a flexible material within the first annulus above the
first height of the cement. The flexible material may provide a sealing function within
the first annulus. The flexible material may permit sealing within the annulus without
significantly affecting the improved flexibility of the upper well portion achieved by the

partial cement fill.
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The flexible malerial may assist to minimise corrosion of one or both of the first and

second tubular strings.

The method may comprise placing the flexible material at cne or more discrete
locations along the first annulus.  In one embodiment the method may comprise
locating a discrete element of flexible material in the first annuius at or near the

terminating upper end of the well struciure.

The method may comprise placing flexible material along an extended length of the
first annulus. For exampie, the remainder of the firsi annulus above the first height of

the cement may be substantially filled with the flexible material.

The flexible material may exhibit a lower stifingss than cured cement. The flexible
material may comprise a foam, elasiomer, rubber, gel and/or the like. The flexible

material may be pumpable. The flexible material may be curable.

The well structure may comprise a third tubular string, wherein a second annulus is

defined between the third tubular string and one of the first and second tubular strings.

in one embodiment the third tubular string may be provided externally of the first
tubular string, such that the second annulus is defined between the first and third

fubuiar strings.

The third tubular string may be provided within the second tubular string, such that the
second annulus is defined belween the second and third tubular strings. The third
tubular string may be installed subseguently to partiaily filling the first annulus with

cement.

The third tubular string may comprise a conductor pipe.

The third tubular string may comprise a casing string, such as an intermediate casing

string, production casing string or the like.

The method may comprise locating cement in the second annuius. The method may

comprise partially filling the second annulus with cement, for example to around the
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level of the first height of cement in the first annulus. Such an arrangement may

coniribuie to minimising bending sitiffness of the upper well portion.

The method may comprise providing fluid communication belween the first and second
annuli. The method may comprise providing fluld communication between the first and
second annuli above the first height.  Such an arrangement may facilitate fluid
communication between regions of the first and second annuli which are void from

cement.

Fiuid communication between the first and second annuli may be achieved via one or

more valves, such as ong or more one-way valves.

Fiuid communication between the first and second annuli may permit circulation within
one or both of the first and second annuli, for example to permit a wash-out operation,

to place a subsequent material, such as further cement, a flexible material and the like.

The method may comprise varying the bending stiffness along at least one of the first

and second tubular strings.

Optionally, the terminating upper end of the well structure is configured to be moved
between first and second positions by a moving mechanism connectable between the
first tubular siring and a welihead platform, and wherein the first tubular string is
configured to be laterally constrained by a guide, the guide being connected to the
wellhead platform by a rigid guide system, the first height being amranged io aliow
bending of the well siructure at or above the guide on actuation of the moving

machanism.

Optionally, the first height is one of. substantiailly level with the guide; and above the

guide.

Optionally, the first height is above the guide by a distance of 1 meter or more, such as
2 meters or more, such as 3 meters or more, such as 4 meters or more, such as 5
meters or more, such as 6 meters or more. Optionally, the first height is above the
quide by a distance within 80% of the distance to a higher guide or other engagement

mamber, such as within 70% of that distance, such as within 50% of that distancs,
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such as within 25% of that distance. Optionally, the first height is above the guide by a

distance up to one of. 30 metres, 20 metres, 10 metres and 5 meires.

The method may comprise centralising the second tubular string within the first tubular
string. Such centralisation may be achieved at one or more locations along the upper
well portion. Centralisation may assist to ensure the first and second tubular strings
are centralised, and remain substantially centralised following movement or bending of
the upper well portion. This may assist {0 ensure appropriate cement placement {(or
even placement of a flexible material, for example), for example circumferential
coverage, within the first annulus, for example initial cement placement and/or in a

subsegquent cementing operation, such as a top fill cementing operation.

The method may comprise centralising the first and second tubular strings using a
centralisation system. The cenfralisation system may exiend along substantially the
complete length of the upper well portion (&.¢., from around +/- 10 melers relative to
seabed level). The centralisation system may comprise one or more cenfralisers. The
ceniralisation system may permit the first and second tubular string to slide relative o
each other {o avoid or minimise generation of stress when the upper well portion is

moved.

An aspect or embodiment relates to an offshore well installation, comprising:

a well structure which includes a lower well portion exiending below a seabed
and an upper portion exiending between the seabed and a lerminating upper end of
the well structure, wherein the well structure comprises a first tubular string and a
second tubular string located within the first tubular string with 3 first annulus defined
therebestween; and

cement partially filling the first annulus to a first height which is intermediate the

seabed and the terminating upper end of the well structure.

An aspect or embodiment relates to a method for forming an offshore well, comprising:

forming a well structure which includes a lower well portion extending bslow a
seabed and an upper well portion extending belween the seabed and a terminating
upper end of the well struciure, wherein the well structure comprises a first tubular
string and a second tubular string localed within the first tubular string with a first

annuius defined therebetween;
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locating cement within the first annulus to define a cement sheath; and
providing & cement disruptor within the first annuius, wherein the cement

disruptor reduces resistance of the cement sheath to bending of the upper well portion.

Cement may thus be located within the first annulus, for example in conventional
manner or otherwise, {0 provide benefils of support and/or sealing, while the use of g
cement disruptor functions o reduce the effect the cement has in resisting bending of
the upper well portion.  Such bending of the upper well portion may occur by moving

the terminating upper end of the well structure.

The upper well portion may exiend above a surface of the sea with the terminating
upper end of the well structure aligned with a surface platform, such as a wellhead

platform.

The first tubular string may define an ocutermost tubular string of the upper well portion.
Alternatively, the first tubular string may define an intermediate tubular string of the
upper well portion. That is, the first tubular string may be located within g further

tubular string.

The first and second tubular strings may extend at least from the level of the seabed o

the terminating upper end of the well structure.

The method may comprise installing the first tubular string and then installing the
second tubular string within the first ubular string. The second tubular sliing may
extend through the first tubular string and into a drilled bore which extends below the

first tubular string.

The first tubular string may comprise a conductor pipe. The method may comprise
inserting the conductor pipe into the seabed such that a portion of the conductor pipe
exiends upwardiy from the seabed to the terminating upper end of the well structure.

The conductor pipe may be installed by piling, for example.

The second tubular string may comprise a casing string, for example a surface casing
string. The method may comprise inserting the casing string within the conductor pipe

to define the first annulus therebetween, wherein the casing string extends upwardly to
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the terminating upper end of the well structure. The casing string may extend into a

drilied bore formed below the conductor pipe.

The first tubular string may comprise a first casing string, such as a surface casing
string, intermediate casing string or the like. The second tubular string may comprise a
second casing string located within the first casing string. The second casing siring

may comprise an intermediate casing string, production casing string or the like.

The method may comprise partially or completely filling the first annulus with cement

such that the cement sheath exiends along some or ail of the first annulus.

The cement disruptor may comprise a physical component located within the first

annulus.

The cement disruptor may provide a localised weakness at a location along the cement
sheath. The cement disruptor may define or function to form a ductlile fuse within the
cement sheath. This arrangement may focus failure, for example cracking, of the
cement sheath at the one or more preselected locations upon bending of the upper well
portion. The failure of the cement may function o reduce resistance of the cement
sheath 10 bending of the upper well portion.  Furthermorg, by focussing such fallure at
a preselected location the ability to control or ensure well integrity is maintained can be

improved.

The cement disruptor may provide a localised reduction in the thickness of the cement
sheath. Such a reduction in the thickness of the cement may provide a localised

wealkness or failure point along the length of the cement sheath.

The method may comprise bending the upper well portion o cause failure of the
cement sheath at the location of the weakness. Optionally, the bending is caused by
moving the terminating upper end of the well structure from a first posiiion {0 a second

position.

The cement disruptor may function to mechanically weaken or interfere with the
cement sheath, such that mechanical failure of the cement sheath may be more readily

achieved during bending of the upper well portion.
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The cement disrupior may be provided separately from the first and second tubular
strings. The cement disruptor may be mountad on one or both of the first and second
tubular strings. The cement disruptor may be integrally formed with at least one of the

first and second tubular strings.

The cement disruptor may comprise or define one or more flow passages or channels
to permit cement to flow past the cement disruptor during location of cement within the
first annulus.  In such an arrangement the cement disruptor, or at least a portion

thereof, may become embedded within the cement sheath.

The cement disruptor may comprise a sleeve. The slesve may define a gap with one
or both of the first and second tubular strings. The gap may permit flow of cement
therethrough. The sleeve may comprise one or more surface channels or flow
passages. The surface channels or flow passages may exiend generally axially
refative to the first annulus. The surface channels or flow passages may extend in a

serpentine patlern.

The slesve may be mounted on one or both of the first and second tubular strings.

The cement disruptor may comprise one or more protuberances which extend into the
first annulus. The one or more protuberances may locally weaken the cement sheath.
The one or more protuberances may mechanically interfere with the cement sheath
during bending of the upper well portion. The one or more protuberances may extend
from one or both of the first and second tubular strings. At least one protuberance may

comprise a nodule, pin, boss or the like.

The cement disruplor may comprise a coating applied 1o one or both of the inner
surface of the first tubular string and ouler surface of the second tubular string, wherein
the coating disrupts adherence of the cement sheath (o one or both of the first and
second tubular string. This arrangement may reduce shear siress between the cement
sheath and the first and/or second tubular string. This may effectively improve the

bending flexibility of the upper well portion.

The use of a coating may function to establish a microannulus.
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The coating may comprise a mechanical barrier which reduces friction beitween the

cement sheath and first/second tubular string.

The coating may comprise a low friction material, such as PTFE or the like.

The coating may comprise a chemical barrier. The chemical barrier may prevent or
reduce the curing of the cement in the region of the chemical barrier. This
arrangement may minimise cement adhesion with the first and/or second tubular string.
This may minimise shear forces applied between the cement sheath and the first
and/or second tubular string, thus assisting to improve bending flexibility of the upper

well portion.

The coating may comprise a cement retarder. The coating may comprise a sugar
basad coating. The coating may comprise at least one of lignosulfonates, cellulose
derivatives, hydroxycarboxylic acids, organophosphates, synthetic retarders, inorganic

compounds and salt, such as sodium chioride.

The coating may be applied by sprayving, painting, dipping, brushing or the like.

The cement disruptor may be provided along an entire length of the first annulus.
Alternatively, the cement disruptor may be provided along a partial length of the first
annulus. The cement disruptor may be provided at one or more discrete iocations

within the first annulus.

The method may comprise providing mullipie cement disruptors axiaily along the first

annulus.

The well structure may comprise a third tubular string, wherein a second annulus is

defined between the third tubular siring and one of the first and second tubular strings.

In one embodiment the third tubular string may be provided externslly of the first
tubular string, such that the second annulus is defined between the first and third

tubular strings.
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The third tubular string may be provided within the second tubular siring, such that the
second annulus is defined between the second and third tubular strings. The third
tubular string may be installed subsequently to partially filling the first annulus with

cement.

The third tubular siring may comprise a conductor pipe.

The third tubular string may comprise a casing string, such as an intermediate casing

string, production casing string or the like.

The method may comprise locating cement within the second annulus to define a
second cement sheath. The method may comprise providing a cement disruptor within
the second annulus, wherein the cement disruptor reduces resistance of the second

cement sheath to bending of the upper well portion.

Optionally, the terminating upper end of the well structure is configured {o be moved
between first and second positions by a moving mechanism connectable between the
first tubular string and a welihead platform, and wherein the first tubular string is
configured to be laterally constrained by a guide, the guide being connected to the
wellhead platform by a rigid guide system, the method comprising locating the cement
disruptor at a location arranged to allow bending of the well structure at or above the

guide on actuation of the moving mechanism.

Optionally, the location of the cement disruptor is one of substantially level with the

guide; and above the guide.

Optionally, the location of the cement disruptor is above the guide by a distance of 1
meter or more, such as 2 meters or more, such as 3 meters or more, such as 4 meters
or more, such as 5 meters or more, such as 6 meters or more. Optionally, the location
of the cement disruptor is above the guide by a distance within 80% of the distance o a
higher guide or other engagement member, such as within 70% of that distance, such
as within 50% of that distance, such as within 25% of that distance. Optionally, the
location of the cement disruptor is above the quide by a distance up o one of 30

metres, 20 metres, 10 metres and 5 metres.
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Optionally, the upper well portion is configured to be moved at a location of a further
quide, below the moving mechanism and above the guide, by an active guide system
connectable between the further guide and the wellhead platform, the method further
comprising configuring the well structure 0 have reduced axial stiffness at a point

substantially aligned with the further guide.

Optionally, configuring the well to have reduced axial stiffness comprises one or more
of. locating a further cement disruptor in the well structure; partially filling the annulus

with cement; and localing a flexible material in the well structure.

An aspect or embodiment relates to an offshore well installation, comprising:

a well structure which includes a lower well portion extending below a seabed
and an upper well portion extending between the seabed and a terminating upper end
of the well struclure, wherein the well structure comprises a first tubular string and a
second tubular string located within the first tubular string with a first annulus defined
therebehween;

a cement sheath at least partially filling the first annulus; and

a cement disruptor located within the first annulus.

An aspect or embodiment relates 10 an oilfield tubular comprising a cement disruptor.
The oilfield tubular may comprise or form part of a conductor pipe, a casing siring or
the like.

An aspect or embodiment relates to a method for forming an offshore well, comprising:

a well structure which includes a lower well portion extending below a seabed
and an upper well portion extending between the seabed and a terminating upper end
of the well structure, wherein the well structure comprises a first tubular string and a
second tubular string located within the first tubular string with a first annulus defined
therebetween; and

jocating a flexible material within the first annulus.

The flexible material may provide the function of sealing and/or support within the first
annulus, while assisting io minimise the bending stiffness of the upper well portion {o

improve bending flexibility.
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The upper well portion may exiend above a surface of the sea with the terminating
upper end of the well structure aligned with a surface platform, such as a wellhead

platformi.

The first tubular siring may define an outermost tubular string of the upper well portion.
Alternatively, the first fubular string may define an intermediate tubular string of the
upper well portion. That is, the first tubular string may be located within a further

tubular string.

The first and second tubular strings may extend at least from the levei of the seabed {0

the terminating upper end of the wall structure.

The method may comprise installing the first tubular string and then installing the
second tubular string within the first tubular string. The second tubular string may
extend through the first tubular string and into a drilled bore which extends below the

first tubular string.

The first tubular string may comprise a conductor pipe. The method may comprise
inserting the conductor pipe into the seabed such that a portion of the conductor pipe
extends upwardly from the seabed to the terminating upper end of the well structure.

The conductor pipe may be installed by piling, for example.

The second tubular string may comprise a casing string, for example a surface casing
string. The method may comprise inserting the casing string within the conductor pipe
to define the first annulus therebetween, wherein the casing string extends upwardly o
the terminating upper end of the well structure. The casing string may extend into a

drilied bore formed below the conductor pipe.

The first tubular string may comprise a first casing string, such as a surface casing
string, intermediate casing string or the like. The second tubular string may comprise a
second casing string located within the first casing string. The second casing string

may comprise an intermediate casing string, production casing string or the like.
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The method may comprise locating the flexible material at one or more discreie
locations along the first annulus. Alternatively, the method may comprise substantially

filling the first annulus with the flexible material.

The method may comprise partially filling the first annulus with cement to a first height
within the first annulus, and then locating the flexible material within the first annulus

above the first height of the cement.

Optionally, the terminating upper end of the well structure is configured fo be moved
between first and second positions by a moving mechanism connectable between the
first tubular string and a wellhead platform, and wherein the first tubular string is
configured to be laterally constrained by a guide, the guide being connected 1o the
wellhead platform by a rigid guide sysiem, the method comprising locating the flexible
material at a location arranged to aliow bending of the well struciure at or above the

guide on actuation of the moving mechanism.

Optionally, the location of the flexible material is one of. substantially level with the

quide; and above the guide.

Optionally, the location of the flexible material is above the guide by a distance of 1
meter or more, such as 2 meters or more, such as 3 meters or more, such as 4 meters
or more, such as 5 meters or more, such as 8 meters or more. Optionally, the location
of the flexible material is above the guide by a distance within 80% of the distance o a
higher guide or other engagement member, such as within 70% of that distance, such
as within 50% of that distance, such as within 25% of that distance. Optionally, the
location of the fiexible material is above the guide by a distance up {0 one of 30

matres, 20 meires, 10 metres and & metres.

Optionally, the upper well portion is configured to be moved at a location of a further
guide, below the moving mechanism and above the quide, by an aclive guide system
connectable between the further guide and the wellhead platform, the method further
comprising configuring the well structure to have reduced axial stifiness al a point

substantially aligned with the further guide.



10

15

20

30

35

WO 2017/071709 PCT/DK2016/000040

22

Optionally, configuring the well to have reduced axial stiffness comprises one or more
of. localing a cement disruptor in the well structure, partially filling the annuius with

cement; and iocating a further flexible material in the well structure.

The flexible material may exhibit a lower stifiness than cured cement. The flexible
material may comprise a foam, elasiomer, rubber, gel and/or the like. The flexible

material may be pumpable. The flexible material may be curable.

The method may comprise varying the bending stiffness along at least one of the first

and second tubular strings.

An aspect or embodiment relates 1o an offshore well installiation, comprising:

a well structure which includes a lower well portion exiending below a seabed
and an upper well portion extending between the seabed and a terminating upper end
of the well structure, wherein the well structure comprises a first tubular string and a
second tubular string located within the first tubular string with a first annulus defined
therebelween: and

a flexible material located within the first annulus,

An aspect or embodiment relates to an offshore well pipe for use in forming an offshore
well and including an upper portion 1o be installed above & seabed, wherein the
bending sliffness varies between at least two axially extending wall seciions of the
upper portion of the well pipe. A well pipe may be a iubular string, such as a

conductor, or any other type of pipe used In forming an offshore well.

Accordingly, the variation in bending stiffness between different axial wall seclions may
provide control over where the largest bending moment is preferred. Furthermore, the
varigtion in bending stiffness may permil a desired shape of the well pipe 10 be

achieved in response to an applied bending moment.

The variation in bending stiffness may assist to improve the ability fo bend the well

pipe. Such bending may be achieved while reducing stress within the well pipe.

The well pipe may comprise multiple well pipe sections secured together, in end-to-end

refation, to form the well pipe. The well pipe sections may include end connectors,
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such as threaded end connectors {o facilitate connecting individual seclions together.
Variations in bending stiffness may be achieved between axial wall sections which are

located between end connectors of a well pipe saction.

Different axial wall seclions with different bending stiffness may be provided on a single
well pipe section. Different axial wall sections with different bending siifiness may be
provided on different well pipe sections. In such an arrangement the variation of
bending stiffness along the length of the well pipe may be achieved by 3 suitable

variation and construction of the individual well pipe sections.

The variation in bending stiffness between the at least two axial wall sections may be

such that g variation in the flexural rigidity of the well pipe is achieved along its length.
The at [east two axially extending wall sections may comprise a different modujus. The
at least two axially extending wall sections may comprise a different second moment of

area.

The at least two axiaily extending wall seclions may comprise different wall thicknesses

to provide a different bending stiffness.

The at least two axially extending wall sections may comprise different materials to

provide a different bending stiffness.

The at least two axially extending wall sections may comprise different geometries o

provide a different bending siifiness.

Different bending stiffness between different axial wall seclions may be provided by

use of one or more stiffeners, such as stiffener ribs or the like.

The well pipe may comprise or define a conductor pipe. The well pipe may comprise or

define a casing pipe.

The well pipe may be used in combination with any other aspect.

An aspect or embodiment relates to a method for forming an offshore well, comprising:
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forming a well structure which includes a lower well portion extending below a
seabed and an upper well portion extending between the seabed and a terminating
upper end of the well structure, wherein the well structure comprises a first tubular
string and a second tubular string located within the first bular string with a first
annulus defined therebetween,

wherein the first and second tubular strings include an upper portion {0 be
installed above a seabed within the upper wall portion, and wherein the bending
stiffness varies between at least two axdally extending wall sections of the upper portion

of at least one of the first and second tubular strings.

An aspect or embodiment relates to an offshore well installation, comprising:

a well structure which includes a lower well portion extending below a seabed
and an upper well portion extending between the seabed and a terminating upper end
of the well struciure, wherein the well structure comprises a first tubular string and a
second tubular string located within the first tubular string with a first annulus defined
therebelween,

wherein the first and second tubular strings include an upper portion instalied
above a seabed within the upper well portion, and wherein the bending stifiness varies
between at least two axially extending wall sections of the upper portion of at least one

of the first and second tubular strings.

An aspect or embodiment relates to a method for installing offshore well infrastructure,
comprising:

inserting a conductor pipe into the seabed such that a portion of the conductor
pipe exiends upwardly from the seabed;

jocating a first casing string within the conductor pipe o define a first annulus
therebetween, and

partially filling the first annulus with cement to a first height below an upper end

of the conductor pipe.

An aspect or embodiment relates to an offshore wall installation, comprising:

a conductor pipe inserted inte the seabed such that a portion of the conductor
pipe exiends upwardly from the seabed;

a first casing siring located within the conductor pipe 1o define a first annulus

therebetween, and
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cement partially filling the first annulus to 3 first height below an upper end of

the conductor pipe.

An aspect or embodiment relates to a method for installing offshore well infrastructure,
comprising:

inserting a conductor pipe into the seabed such that a portion of the conductor
pipe extends upwardly from the seabed;

locating a first casing string within the conductor pipe to define g first annulus
therebetween; and

jocating a flexible material within the first annulus.

An aspect or embodiment relates 10 an offshore well installation, comprising:

a conductor pipe inserted info the seabed such that a portion of the conductor
pipe extends upwardly from the seabed;

a first casing string located within the conductor pipe 1o define a first annulus
therebetween: and

a flexible material located within the first annulus,

An aspect or embodiment relates to a method for installing offshore well infrastructiure,
comprising:

inserting a conductor pipe into the seabed such that a portion of the conductor
pipe extends upwardly from the seabed;

locating a first casing string within the conductor pipe to define a first annulus
therebelween;

locating cement within the first annulus to define a cement sheath; and

providing a cement disruptor within the annulus, wherein the cement disruplor

reduces resistance of the cement sheath to bending of the conductor pipe.

An aspect or embodiment relates to an offshore well installation, comprising:

a conductor pipe inserted info the seabed such that a portion of the conductor
pipe extends upwardly from the seabed;

a first casing sting located within the conductor pipe with a first annulus
therebelween;

a cement sheath at leasi partially filling the first annulus; and

a cement disruptor located within the first annulus.
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An aspect or embodiment relates to an offshore conductor pipe for insertion within a
seabed such that a portion of the conductor pipe extends above the seabed, whersin
the conductor pipe comprises at least two axially extending wall sections which define

a different bending stiffness.

Further aspects relate to a system for moving an upper end of a conductor pipe or well
structure from a first position to a second position. The system may comprise a moving
mechanism {e.g. @ conductor moving mechanism) connecied between the conductor
pipe or well structure and a wellhead platform. The moving mechanism may be
hydraulically operable {0 extend or retract and thereby move the upper end. The
system may further comprise one or more guides laterally constraining the conductor
pipe or well structure and sach connected to the wellhead platform by a guide system.
The one or more guides may be positioned at varying heights on the conductor pipe or
well structure. The guide systems may comprise one or more of an active guide

system,; a passive guide system; and a rigid guide system.

Further aspects of the invention relale to & method for moving an upper end of a
conductor pipe or well structure from a first position to a second position using the

system mentioned above and elsewhere herein.

Feaiures defined in relation to one aspect may be provided in combination with any

other aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other examples will now be described with reference to the accompanying

drawings, in which:

Figure 1 is a diagrammatic representation of an offshore surface well installation;

Figures 2A and 2B are diagrammatic illustrations, from above, of a cluster of conducior
pipes of the surface well instaliation of Figure 1, with the conductor pipes shown in
Figure 2A in a first position, with one of the conductor pipes shown in Figure 2B in a

second position;
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Figures 3A and 3B diagrammatically illusirate segueniial stages in a method for

installing offshore infrastruciure;

Figure 4 diagrammatically illustrates a further method for installing offshore

infrastructure;

Figures 5A and 5B diagrammatically illustrate sequential stages in a further method for

installing offshore infrastructure;

Figure 6 diagrammatically illustrates a casing string with a cement disruptor installed

therson;

Figure 7 is a top view of the casing string and cement disruptor of Figure 6;

Figures 8A fo 8C diagrammatically illustrate sequential stages during use of the cement

disruptor first shown in Figure 7,

Figure 9 diagrammatically illustrates a conductor pipe with a cement disruptor installed

therein;

Figure 10 is a top view of the conductor pipe and cement disruptor of Figure 9;

Figure 11 diagrammatically illustrates a casing siring which includes a cement disruptor

comprising a plurality of nodules;

Figure 12 is an enlarged view of one of the nodules of Figure 11;

Figure 13 is a top view of the casing string with the cement disruptor nodules of Figure
11;

Figures 14A to 14C diagrammatically illustrate sequential stages during use of the

cement disruptor first shown in Figure 11;

Figures 15A and 15B show sequential stages of use of a cement disruptor coating;
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Figures 16A and 16B show sequential stages of use of an alternative cement disruptor

coating;

Figure 17 diagrammatically illustrates an offshore conducior installation;

Figure 18 diagrammatically lllustrates a single conductor pipe section of the offshore

conductor instaliation of Figure 17,

Figures 18a and 18b diagrammatically illustrate a system for moving a conductor or

well structure between first and second positions,; and

Figure 20 diagrammaiically illustrates a system for compensating lateral forces when

rmoving a conductor or well structure between first and second positions.

DETAILED DESCRIPTION OF THE DRAWINGS

Various aspects and embodiments disclosed herein relate to methods and apparatus
for improving the ability to bend an upper well portion of an offshore well, while
minimising risk of compromising well integrity and/or well life. There may be many
reasons for improving or accommodating such bending, for example due to desired
operator procedures. Figures 1, 2A and 2B diagrammatically iliusirate an offshore
installation method/apparatus proposed by the present applicant in which such bending

of an upper well portion is desired.

Figure 1 diagrammaticaily illustrates an offshore surface or wellhead platform,
generally identified by reference numeral 10, shown in use with a drilling platform
operated in cantilever mode, with a cantilever rig portion 12 extended and aligned cver
the surface platform 10. The rig portion 12 is used in the drilling, completion and/or

workover of muitiple wells 14 associated with the surface platform 10.

A typical well 14 will be formed by first installing a conducior pipe 18 which exiends into
the seabed 18 and terminates at a deck level 20 on the surface platform 10. Drilling
may then commence through the conductor pipe 18 to form a drilied bore 21, with one

or more concentrically aligned casing strings 22 (one casing string shown in broken
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outline) installed and cemented within the conducior pipe 16 and drilled bore 21 and
terminating at a wellhead 24 located generslly at the level of a wellhead 26 of the
platform 10. In the present example the conductor 186 also terminates at the welihead
24, However, muitiple options are possible, and in some instances the conductor pipe
16 could terminaie below the wellhead 24, The well 14 is then capped with 3

production tree 28 (often lermed a X-mas tree).

The resull is that g well 14 is formed which includes a lower well portion 1 which
extends below the seabed 18, and an upper well portion 2 which extends belween the

seabed 18 and a terminating upper end 3 of the well 14.

Generally, a wellhead or surface platform is a structure or structures, which support the
upper end (opposite of the reservoiry of the well including any superstructures, one or
more well processing stations or similar. Such a wellhead platform is typically a
structure (such as a jacket based or gravily based platform) resting on the seabed
ranging from very basic configurations 1o complex facilities. The offshore wellhead
platform may comprise one or more well-processing stations. Alternatively, the offshore
wellhead platform does not comprise any weli-processing stations. In such cases, well-
processing tasks such as drilling may be performed by a drilling unit placed next to the

well head platform, as in the example iHlustrated in Figure 1.

The wellthead or surface platform typically fulfils one or more of the following functions
in supporting a conductor:

{i) shield the conductor from accidental impacts from ships and vessels;

{ily keeping a compieted surface well from otherwise tipping over;

(iii) provide structure where pipes c¢an be mounted for connecting to a valve
assembiy or production tree mounted on each conducior and interfacing these pipes
with various equipment or manifolds on and/or off the platform, such as pumps and
storage tanks;

(iv) supporting the production trees so thal they are subsianiially static relative
to the platform (at least during production) as the platform and/or conductor is exposed

to forces from current, wind and wave.

In the example shown in Figure 1 the cantilever rig portion 12 includes first and second

drili centres 30, 32, with all operations provided by the rig portion 12 being aligned on
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these centres 30, 32. For example, Figure 1 illustrates a drilling operation being
performed on the first drill centre 30, through conductor 18a, while a new conductor

16k is shown being deployed on the second drill centre 32.

in the illustrated example individual clusters 34 of wells 14 are provided around each
drili cenire 30, 32. Figure 2A diagrammatically illustrales, from above, a well ciuster 34
around the first drill centre 30. As described above, each well 14 includes a conductor
pipe 16 and at least one casing string 22 instalied and cemented therein, with a cement
sheaih illustrated in Figure 2A by reference numeral 36. Each well 14 in Figure 2A is

tustrated in an operational position (or second posiiion).

The ability to form such clusters 34 is permitted by the unique proposal made by the
present applicant of moving the terminating upper ends 3 of each well 14 into line with
the drill centres 30, 32 for suitable operations. in Figure 1 the terminating upper end 3
of well 14a is illustrated as being moved laterally and thus aligned with the first drill
centre 30, as also illustrated in the top elevational view of Figure 2B. Such lateral
movement of the ferminating upper end is such that the upper well portion 2 is

ongitudinally bent (or flexed).

This proposal of moving the individual wells into and cut of alignment with a drill centre
30, 32 may provide a number of advantages. For example, this may avoid the
requiremenrt to always move the cantilever rig portion 12 over the individual welis 14,
which may not always be practical and increasses rig time and thus costs. Furthermore,
in some circumstances an operation may be completed on the first drill centre 30, while
operations are stili required or being performed on the second drill centre 32. With
conventional insiallations this may mean the first drill centre and associated crew etc.
become redundant until the operations along the second drill centre are completed,
following which the rig portion can be regligned. The proposals of the applicant,
however, in moving individual wells can permit operations io progress on different wells
within the same cluster, without requiring rig movement and thus largely independently

of the operations being performed on a different well cluster.

Appropriate bending of an individual well 14 may require large lateral forces. Further,
such bending could poleniially affect well integrity, for example by large induced

stresses in well components, uncontrolled failure of the cement sheath 36 and the like.
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Examples are provided below of assisting in improving the flexibility of an upper weill

portion 2 to address such an issue.

Figure 3A diagrammatically Hustrates a first example. A well structure 39 includes z
conductor pipe 40 which is installed into the seabed 42, with a casing string 44
{specifically a surface casing string) installed within the conductor pipe 40 and drilled
bore 46, wherein a first annulus 48 is defined between the conductor pipe 40 and
casing string 44. A casing hanger 50 allows the load of the casing string 44 10 be
supported by the conductor pipe 40 (other load transfer points may be present).
Cement 52 is pumped info the first annulus 48 to a first height 54. In the exemplary
arrangement of Figure 3A, the first height is intermediate the seabed 42 and the
terminating upper end 56 of the conductor pipe 40. However, in other arrangements,

the first height may be below the seabed level.

It will be recognised by those of skill in the art that such cement 52 is also provided in
the annulus regions belween the casing sting 44 and the drilled bore 46 In one
example the first height 54 may be approximately 5 meters above the seabed 42. The
height of the cement 52 may be measured by a measuring system 58 to determine
when the first height 54 has been achieved. Alternatively, a measured volume of
cement may be delivered which will permit the first height 54 to be achieved. A flexible
seal member or arrangement 60, for example formed of rubber, foam or the like, is
located within the upper region of the first annulus 48, above the sea level 82 and

adjacent the upper end 58 of the conductor pipe 40.

Accordingly, once the installation as illustrated in Figure 3A is formed, the first annulus
48 will comprise a region 59 substantially void of cement. This may therefore minimise
or otherwise reduce the bending stifiness of the upper portion of the well 22 (i.e., that
portion of the well 39 which exiends above the seabed 42) when compared o an upper
well portion having a fully cemented annulus.  This improves bending flexibility. The
same principle may be used when installing additional casing strings in the construction

of the well,

Once the desired movement of the well 39 has been performed, such as described

above in relation to Figures 1, 2A and 2B, the first annulus 48 may be itopped up with
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further cement 62, as illustrated in Figure 3B, such that the annulus 48 is substantially

completely filled in a final installation.

A further example is Hllustrated in Figure 4, in which a well 89 is formed by a conducior
pipe 70 inserted into the seabed 72, with a casing siring 74 installed within the
conductor pipe 70 to define a first annuius 76 therebeilween. A casing hanger 78 is
provided between the conductor pipe 70 and casing string 74.  The first annulus 76 is
substantially filled with a flexible material 80, such as a feam, gel, elastomer or the like
which functions to provide structural stability of the conductor pipe 70 while also
providing a sealing function, for example o restrict gas migration within the annuius 76.
The flexible material 80 may also provide a degres of comosion protection {o the
conductor pipe 70 and casing string 74. Such benefits of structural stability and sealing
(and corrosion resistance) may be achieved while still minimising or otherwise reducing
the bending stiffness of the upper poriion of the well {(i.e., that portion of the well 68

which extends above the seabed 72) to improve bending flexibility.

In the example of Figure 4 a cement plug 82 is provided in the annulus 76, al the
region of the casing hanger 78, prior to placing of the flexible material 80 o provide

additional isolation. The cement plug extends to a height below the seabed 72.

A further example is diagrammatically illustrated in Figure 5A, in which a conductor
pipe 20 is inseried into the seabed 92, with a firsi casing siring 84 insialled within the
conductor pipe 90 {o define a first annulus 96 therebetwesn. The first annulus 96 is
partially filled with cement 98 to a first height 100, in a similar manner {o the example of
Figure 3A.

A second casing string 102 is installed within the first casing string 94 to define a
second annulus 104 therebelween, wherein the second annulus 104 is also partially
filled with cement 108 to approximately the same first height 100 of cement 98 within
the first annujus 96. This may therefore minimise or otherwise reduce the bending

stiffness of the installed well to improve bending flexibility.

The first casing string 94 includes a valve arrangement 108, such as a ona-way valve
arrangement, which, as ilustrated in Figure 5B, permiis a fluid 110 o be circulated

down the first annulus 96, through the valve arrangement 108 and upwardly within the
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second annuius 104, The ability to provide such circulation may permit multiple
operations. For example, fluid 110 may be a wash fluid permitting a wash-out or
flushing operation to be achieved above the cement 98, 106 in each annulus 98, 104.
in other applications the fluid 110 may comprise a cement, o permit subseguent
completion of cementing within the first and second annuli 96, 104, Further, the fluid
110 may comprise a flexible material, allowing the remainder portions of the annuli 96,

104 o become filled with the flexible material.

In some further examples a cement disruptor may be utilised within an annulus which
includes a cement sheath, wherein the cement disruptor reduces resistance of at least
a portion of the cemeni sheath during bending of an upper well portion. Some
exampies of such a cement disrupior will be described below with reference o Figures
8 io 18

Referring initially {o Figure 6, a casing string or pipe 120 includes a cement disruptor in
the form of a sleeve 122 mounted on its outer surface. The disruptor slesve 122 may
be defined as a flex-sleeve. The disruplor sleeve 122 includes a plurality of flow
channels 124 formed in an outer surface thereof. Figure 7 provides a iop view of the
casing string 120 with mounted disrupior sleeve 122 and its circumferentially arranged

flow channels 124.

The use and effect of the cement disruptor sleeve 122 will be described with reference
o the sequential operational drawings of Figures 8A to 8C. In Figure 8A a well 129
includes a conducior pipe 130 inserted within the seabed 132, with the casing string
120 and mounied cement disruptor sleeve 122 installed within the conductor pipe 130
to define an annulus region 134. When installed, the cement disruptor sleeve 122 is

located at a position above the seabed 132.

Cement 136 is then pumped into the annulus 134, as illustrated in Figure 8B, with the
flow channels 124 of the cement disruptor sleeve 122 permiting a cement sheath to be
formed both above and below the sleeve 122, The presence of the disruptor slesve
122 creates a region of localised weakness within the cement sheath 136. Such a

region of localised weakness may be defined as a ductile fuse.
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Accordingly, in the event of bending or flexing of the well 129, as illustrated in Figure
8C, the cement 136 in the region of the disruptor sleeve 122 will more readily break/fail
such that the effective bending stifiness of the installed well 129 will be reduced,
allowing flexing ¢ be more readily achieved with less additional stress. Furthermore,
issuas can arise during bending of a well of cement fallure or cracking in unknown
locations, which may cause sealing issues. The cement disruptor sleeve 122 permits

control over the location of any cement failure.

In a modified example multiple disrupior sleeves may be provide along the length of the
annulus 134, Furither, in a modified example the well 129 may include multiple casing
strings and multiple annull, wherein the cement disruptor may be provided in mulliple

annuli.

in an allernative example, as illusirated in Figure 8, a cement disruptor sieeve 140 may
be mounted internally of a conductor pipe 142, wherein the sleeve 140 and conductor
pipe 142 are shown in longitudinal section in Figure 8. The disruptor sleeve 140 may
also include circumferentially arranged flow channels 144, which are also seen in the
top view illusirated in Figure 10. The disruplor sleeve may function in the same

manner as sleeve 122 of Figure 6.

A further alternative example of a cement disruptor arrangement 152 is Hllusirated in
Figure 11. In this example a casing string 150 includes the cement disruptor 152 in the
form of a plurality of nodules 154 extending or protruding from an outer surface of the
casing siring 150, with an example nodule geometlry Hllustrated in Figure 12, The
nodules 154 extend circumferentially around the casing string 150, as illusirated in

Figure 132.

The use and effect of the cement disruptor arrangement 152 will be described with
reference to the sequential operational drawings of Figures 14A to 14C. In Figure 14A
a well 149 includes a conductor pipe 160 inserted within the seabed 162, with the
casing string 150 and cement disrupior arrangement 152 installed within the conductor
pipe 160 to define an annulus region 1684, When installed, the cement disruptor

arrangement 152 is located at a position above the seabed 162.
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Cement 166 is then pumped into the annulus 164 to form a cement sheath, as
liustrated in Figure 14B, with the cement disruptor arrangement 152 effectively

becoming embedded within the cement sheath.

in the event of bending or flexing of the well 148, as illustrated in Figure 14C, the
cement 166 in the region of the disruptor arrangement 152 will more readily break/fail
such that the effective bending stifiness of the installed conductor pipe 180 will be
reduced, allowing flexing 1o be more readily achieved with less additional stress and
with any cement failure provided at a predefined region. In & modified example
multiple disruptor arrangements may be provided along the length of the annulus 164.
Further, a similar disruptor arrangement may additionally or alternatively be provided

on a casing string installed within the conductor pipe.

A further example of a cement disrupior is shown in Figure 15A, which is a
diagrammatic illustration of a wall of a conductor pipe 170 which forms part of a surface
well. In this example a low-friction coating 172, such as a FFTE or similar coaling, is
applied on an inner surface of the conductor pipe 170. The low-friction coating 172
provides a mechanical reduction of friction or adhesion between a cement sheath 174
and the conductor pipe 170. As such, during flexing or bending of the associated well
the shear stress belween the conducior pipe 170 and cement sheath 174 will be
limited, allowing relative movement more readily, as illustrated in Figure 158, which
diagrammatically illustrates the effect of the reduced shear stress during a bending

event.

Alternatively, or additionally, a similar coaling may be applied on an outer surface of a

casing string installed within the conductor pipe.

A further example is illustrated in Figure 16A, which diagrammatically illustrates a wall
of a conductor pipe 180. In this example the cement disrupior is provided by a
chemical coating 182 applied on an inner surface of the conductor pipe 170. The
coating functions {o prevent or reduce the curing of cement 184 in the region of the
coating 182. This arrangement may provide an uncuread or low adhesion region 186 of
the cement 184, as illustrated in Figure 16B. This may minimise shear forces applied
between the cement 184 and the conductor pipe 180, thus assisting to improve

bending flexibility of the well.
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The coating may comprise a cement retarder. in one example the coating 182 may

comprise a sugar based chemical/solution.

Alternatively, or additionally, a similar chemical coating may be applied on an outer

surface of a casing string installed within the conductor pipe.

Reference is now made to Figure 17 which is a diagrammatic illustration of an offshore
installation which includes a conductor pipe 200 inserted within the seabed 202, with a
casing string 204 installed within the conductor pipe 200 and extending inio & drilied
bore 208, with an annulus 208 formed between the conductor pipe 200 and casing
string 204, In a similar manner to the example first shown in Figure 3A, the annulus
208 is partially filled with cement 210 to a first height 212 which is above the seabed
202, bul below the upper end 214 of the conductor pipe 200. As described above,

such an arrangament can improve the flexibility of the well.

In the present example of Figure 17 the conductor pipe 200 includes separaie axial
wall sections 200a, 200b which include a different bending stiffness, such that a
variation in the bending stiffness or modulus of the conductor pipe 200 is achieved
along its length. This may permit control {0 be achieved on the bending or flexing
behaviour of the conductor pipe 200, for example to creale a desired curve from the

seabed 202 upwardly.

In the embodiment llustrated the varying bending stiffness or modulus is achieved by
the different sections 200a, 200b having different thicknesses. In other examples a

variation in material, geomeiry or the like may provide the varying stiffness or modulus.

In some examples the conductor pipe 200 may be formed of multiple pipe sections,
coupled together in end-to-end relgtion. Figure 18 diagrammatically illustrates an
example conducior pipe seclion 220, which includes opposing end threaded
connectors 222, 224 permitting adjacent sections to be secured togsther. The wall of
the pipe section 220 exiending between the conneclors 222, 224 includes a varying
wall thickness, which may thus provide the variation between the different sections
200a, 200b of the conductor pipe 200.
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In an alternative, unillustrated example, individual conductor pipe sections may include
a common or uniform wall thickness between end connectors. In this case a variation

of sliffness along the length of the conductor pipe 200 may be achieved by making up

the conductor pipe 200 using different pipe sections of different thicknesses.

While Figures 17 and 18 are direcied to a conductor pipe with varying bending stiffness
along its length, this sample principle may be applied to casing strings, or indeed any

other well pipe or tubular.

Figure 19a shows a botiom supported wellhead platform 1800 having a topside 1802
comprising one of more decks 1802a-c, such as weather deck 1902a, a production
deck 1802b and a wellhead deck 1802¢, and a plurality of legs 1904a-¢. Together, the
wellhead platform 1800 comprising topside 1902 and legs 1804a-¢ support the
conductors and provides and provides a support siructure for the conductors formed at
least by elements of the wellhead platform accommuodating or engaging with the
conductors, such as one or more deck seclions defining openings through the decks
for the conductors 0 extend through the deck, fasteners, guides, locking, and/or
securing mechanisms. The legs 1804a-c, along with other elements of the support
structure of the welthead platform 1800, allow for movement while supporting one or
more conductors, possibly at a plurality of different heighis. The term "support
structure” as used herein encompasses a broad definition of providing mechanical
support and aiso other functions that a platform provides such as shielding the
conductor from impacts. Therefore, an opening in a deck may also be a part of the

support structure of the welihead platform 1900.

As shown in Figure 1%9a, a plurality of conductors 1908a-d are supporied by the
wellhead platform 1800. The remainder of the description of Figure 19a focusses on
the conducter 1808z and iis associated support structure, but one or more features or
functions described may aiso relate to the other conductors 1806b-d and the

associated support structure.

An upper part of the conductor 1906a (.. the part of the conductor that is above the
seabed) may be laterally constrained by one or more guides 1908a-e and other
elements which may connect or otherwise engage with the conductor 1908a. The

quides 1908a-e may surround the conductor 1906a such that the conductor 1906a
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passes through the guides 1908a-e. Each guide 1908a-e is configured to be
connecied to one or more legs 1804a-c of a welihead plaiform 1800 by a guide system
1910a-2. In the example of Figure 193, the guide systems 1910a-e are configured {o
be used with the conductor 1908z and s0 are termed conducter guide systems 1910a-
g, although in some embodiments they may be configured to be used with other tubular
strings. Also in the example of Figure 19a, the guides 1208a-e are connected to the
leg 1904a. One or more of the conductor guide systems 1910a-e is longitudinally
extendable and/or retractable o alter a distance between the leg 1804a and the
conductor 1808a. In addition, the upper part of the conductor 1808a is connecied o
the wellhead platform 1800 by a moving mechanism 1812, in the case of Figure 19b,
the moving mechanism is configured 1o move the conductor 18068a and so is a
conductor moving mechanism 1912, although the moving mechanism may be
configured o move other types of tubular strings. The conductor moving mechanism
1812 is connected to the conductor 1806a proximal to an upper end, such that
extension or retraction of the conductor moving mechanism 1912 controls the position
of the upper end. In specific arrangements, the conductor moving mechanism 1812 s
connected to the conductor 1808a close enough to the upper end of the conductor
1806a that movement of the conductor moving mechanism 1912 resulis in substantially

the same amount of movement of the upper end of the conductor 1906.

in the exemplary apparatus of Figure 19a, five guides 1908a-e are shown per upper
part of a conductor 1806a, aithough other numbers of guides 1808a-e may be used. In
the exemplary arrangement of Figure 19a, first fo fifth guides 1908a-¢ and
corresponding guide systems 1810a-e are located below the conductor moving
mechanism 1912 in consecutive order moving towards the seabed. The first quide
sysiem 1810a is an active guide system. The second and third quide systems 1810b-¢
are passive guide systems. The fourth and fifth guide systems 1910d-2 are rigid or
fixed guide systems. It will be appreciated that in other arrangements, the conducior
moving mechanism, aclive, passive and rigid guide systems may be differently ordered

and there may be more or fewer of each.

The conductor moving mechanism 1812 and the active guide system 1910a may be
configured to exiend and/or retract in order to move the upper end of the conductor
1906a. Exemplary conductor moving mechanisms 1912 and aclive guide systems

1910a may be configured to extend and/or retract under hydraulic power.
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The passive guide systems 1910b-c may be configured to be exiendable and/or
retractable under force applied to them by the conductor 1806a when iis upper end is
moved by the conducior moving mechanism 1912 and/or the active guide sysiem
1810a. Exemplary passive guide systems 1810b-¢ are not powerad and do not directly
cause movement of the conducior 1806a, although they may be damped such that
when extending and/or retracting, or indesd when stationary, the amount of movement
of the conductor 1908z is conirolled. Etach passive guide 1910b-¢ may have a different

level of damping.

The rigid guide systems 1910d-e are configured not 1o be extendable or retractable.
They may therefore provide a fixed point for a force applied to the upper end of the
conductor 1808a by the conductor moving mechanism 1912 and/or the aclive guide

system 1910a to react against.

Accordingly, the support structure provided by the welthead platform 18200 may be

considered to be a configurable support structure.

it is noted that in exemplary arrangements, a plurality of guide systems may connect
each guide 1908z-e t¢ the leg 1804a and/or 1o one or more further legs. Further, a
plurality of conductor moving mechanisms 1812 may connect the conductor 1806a to
the ieg 1904a and/or one or more further legs). The plurality of conductor moving
mechanisms and/or guide systems may extend in different directions fransverse {0 a
longitudinal axis of the conductor 1808a in order 10 provide increased control of the

movament of the conductor 1908a.

Figure 19b shows the upper end of the conductor 1806a afier it has been moved from
a first position 1914 {0 a second position 1918, The first position 1914 may be at least
one of a parking position, a siorage position, an injection position, a well intervention
position, and a production position. Typically, the first posilion (or production position)
is also where any work over is performed. The second position 1816 may be a well
processing and/or drilling position. The second position 18186 may be a shared second
position for a plurality of conductors in that the second positions of the plurality of

conductors coincide or overlap. Due {o alignment issues the wellhead platform 1900
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will typically provide a shared second position within a zone rather than at a single

position.

The second position 18916 coincides with a first drilling {or well processing) centre
1918a of the wellhead platform 1900, Other conductors, for example conductors 1906¢
and 1808d, may have shared second positions coinciding with a second (or further)

driliing (or well processing) centre 1918b.

The bottom supported wellhead platform 1900 aliows movement of the upper part of
each of the conductors 1808a-d between first and a second positions. 1t is noted that a
conductor can have a position in three dimensions and the shared second position
implicitly refers 1o the upper end of the conductor and might not refer 1o the entire
conductor. If the conductor is installed with the upper end in the first (e.q. production)
position, the three dimensional shape of the entire conductor may not be the same

after it has been processed in the second position and reverted to the first position.

As can be seen in Figure 18b, the conductor moving mechanism 1912 and the active
quide sysiem 1910a have been extended, for example under hydrauiic power, o move
the upper end of the conducior 1906a from the first position 1814 to the second
position 1918, The force applied by the conductor moving mechanism 1912 and the
active guide system 1910a has reacted against the fixed position of the conductor
1806a at the rigid guide systems 1910d-e. The passive guide systems 1810b-c have
extended o accommodate the movement of the upper part of the conductor 1906a
resulting from the movement of the upper end of the conducior 1806a from the first
position 1914 {o the second posifion 1918, In exemplary arrangements, the relalive
extension of the conductor moving mechanism 1812 and the active guide system
1810a may be configured to align the upper end of the conductor 1906a vertically in the

second position 1916. That is, the conductor 1906 may form a shallow "s-bend”.

As expiained above, the conductor 1806a has a casing siring located therein and an
annulus is formed belween the two. In exemplary arrangements, a portion of the
annulus may be configured in any way described herein o reduce the stiffness ¢f the
well at a point on the upper part of the conductor 1806a at which bending or flexing is
desired on actuation of the conductor moving mechanism 1912 and/or the aclive guide

system 1910a. For example, the stiffness of the well may be reduced at a point
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vertically aligned with the guide 1908d or with a point above the guide 1808d, for
example, between the guide 1808d and the conductor moving mechanism 1812, In
specific arrangements, the stiffness of the wall may be reduced at a point between the

guide 1808d and the guide 1908c¢ having the passive guide system 1810c.

it will be appreciated that arrangements disclosed herein including a third tubular siring
defining a second annulus may alsc be applied to the arrangement of Figures 19a and
19b.

In specific exemplary arrangements, the annulus may be partially filled with cement io
a first height aligned with or slightly below the point of the upper part of the conductor
1808a at which bending or flexing is desired. Therefore, the first height may be
substantially level with the guide 1808d, which is connecied to the leg 1904a by the
rigid guide system 1910d. Alternatively, the first height may be above the guide 19084,
for example by a distance of 1 meter or more, such as 2 meters or more, such as 3
meters or more, such as 4 meters or more, such as 5 meters or more, such as 6
meters or more but typically within a distance of 90% of the distance to a higher guide
or other engagement member (in this case 1908¢), such as within 70% of that distance,
such as within 50% of that disiance, such as within 25% of that distance. In some
embodiments this means within a distance of 30 meters, such as within 20 meters,

such as within 10 meters or even within 5 meters.

In some exempilary arrangements, a cement disruptor may be aligned with a portion of
the upper part of the conductor 1808a at which bending or flexing is desired on
actuation of the conductor moving mechanism 1812 and/or the active guide system
1810a. In specific arrangements, the cement disruptor may be located at a portion of
the conductor that is aligned with the guide 1908d, or may be between the guide 1908d
and the conductor moving mechanism 1912, In specific arrangements, the cement
disruptor may be located at a point between the guide 1808d and the guide 19808c
having the passive guide sysiem 1910c. The cement disruptor may be located, for
example, as discussed in relation to the cement height in the previcus paragraph
above the guide 1908d. By any of the means discussed above, a cement disruptor
may be positioned within the annulus and configured to reduce the stiffness of the well
{e.g. conductor, cement sheath and casing string). In some embodiments, a cement

disrupter may be placed in alignment with two or more guides, such as three or more
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guides, such as four or more guide such as all guides. In some embodiments cement
disrupters are further or alternatively instailed between one pair of guides or more,
such as between two or more pairs, such as between three or more pairs. In this way

improved flexdbility of the well above the seabed may be improved.

in exemplary arrangements in which the cement disruptor is positioned at substantially
the same height on the upper part of the conductor 1908z as the guide 1908d and the
rigid guide systermn 1910d, the guide 1808d may have some play belween the
conductor 1908z and an inner surface of the guide 1808d in order to accommodate the
flexing or bending of the conductor 1806 within the guide 1208d. In other exemplary
arrangements, the cement disruptor may be positioned above the guide 1908d such
that the force reacting against the guide 1908d and the rigid guide system 1910d
applied by the conductor moving mechanism 1812 and/or the active guide system
1810a causes flexing or bending of the conductor 1906 above the quide 1808d. In
such arrangements, there may be no (or minimal) play between the conductor 1906a

and the inner surface of the guide 1908d.

The remainder of the annulus above a cement disruptor may comprise cement
Alternatively, one or more further cement disruptors may be positicned above the first
cement disrupltor to accommodate flexing or bending of the conductor 1808a. This
may also be achieved by any of the other methods disclosed herein, such as partially
filling the annulus above the cement disruptor 820 or locating a flexible material in the

annulus above the cement disruptor.

In one example, a further cement disruptor (or any other means disclosed herein) may
be positioned above the first cement disruptor to aid the formation of 3 shallow “s-bend”
in the conductor 1908a. This may allow propsr alignment of the uppser end at the
second position 1916, 2.g. 50 that the upper end is substantially vertically aligned. In
exemplary arrangements, a plurality of the further cement disruptors {or any other
means disclosed herein) may provide different reductions in stiffness to that of the first
cement disruptor 1920. In one exemplary arrangement, a further cement disruptor (or
any other means disclosed herein) may be located in alignment with the guide 1908z
and active guide system 1810a such that the conductor moving mechanism 1812 may
conirol the upper end of the conductor 1806a by applying a force reacting against the

active guide system 1810a. For example, a further cement disruptor may be located
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substantially level with the guide 1808a and the relative extension of the conducior
moving mechanism 1912 and ihe active guide system 1810a may be configured {o

align the upper end of the conductor 1908z vertically in the second position 1916.

In some exemplary arrangements, a flexible material may be located within the annulus
in any manner described herein. The flexible material may be located at substantially
the same height on the upper part of the conductor 1908z as the guide 1808d and the
rigid guide systemn 1910d.  As mentioned above, in such arrangements, the guide
1808d may have some play belween the conductor 1908a and an inner surface of the
gquide 1808d. In other exemplary arrangements, the flexibie material may be positioned
above the guide 1908d such that the force reacting against the rigid guide system
1810d applied by the conductor moving mechanism 1912 and the active guide sysiem
1810a causes flexing or bending of the conductor 1808 above the guide 1808d. The
flexible material may be located, for example, as discussed in relation {o the cement
height above the guide 1808d. In such arrangaments, there may be no (or minimal)
play between the conductor 1806a and the inner surface of the guide 1908d. As with
the cement disruptors, flexible material may be applied to the annulus at a plurality of
locations on the upper part of the conducior 1808a and may have varying resistances

to bending.

Significant force may be required when moving an upper end of a conductor from the
first posilion 1814 {o the second position 1918. This force acis laferally on the
wellhead platform 1900 in a direction opposite o the direction in which the upper end of
the conductor 1906a is being moved and may result in unwanied movement of the
wellhead platform 1800 and/or unwanted stresses in the structure of the wellhead
platform 1800

To overcome these effects, when a force is applied from the wellhead platform 1800 to
a first upper end of a conductor 1o move it between first and second positions, a further
force may be applied from the wellhead plaiform 1800 to one or more further upper
ends, such that a resultant further force is substantially opposite in direction and/or
substantially equal in magnitude to the force applied o the first upper end. Cne or
more of the forces may be applied by one or more conductor moving mechanisms, as

discussed above.
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Figure 20 shows a cluster of upper ends of conduciors. The upper ends 2000a-f may
be retained in the support structure 2002 of the wellhead piatform. In the exemplary
arrangement shown in Figure 20, first positions are located equidistantly from a shared
second position 2004, which is shown by the circle 2008 (shown dashed) about the
shared second position 2004. The support structure 2000 is configured to allow further

movement of each upper end beyond the first positions.

A first force 2008 (represented by an arrow) is applied from the wellhead platform o
the first upper end 2000a. Second and third forces 2010, 2012 are applied respectively
from the welthead platform to further upper ends 2000b, 2000f. The second and third
forces 2010, 2012 provide a resultant force that is substantially opposite the first force
2008. This has the effect of compensating for, or mitigating the effects of, the first force
2008,

It should be noted that the compensating force(s) (the second and third forces 2010,
2012 in the example of Figure 20} may be applied to one or more other the upper ends
2000b-f and in any direction, such that the resultant force mitigaies the effect of the
force 2008 applied o the first upper end 2000a. For example, to compensate for the
force 2008 applied o the first upper end 2000z, one or more forces may be applied {0
one or more of the upper ends 2000¢-e {o move them towards the shared second
position 2004,  In exemplary arrangements, the resultant force may be in a
substantially opposite direction o the first force and will have a substantially equal

magnitude.

One or more of the forces 2008, 2010, 2012 (or any other forces associated with Figure

20} may be applied by the guide systems discussead in relation to Figures 19a-b.

it should be understcod that the examples described herein are indeed exemplary and
that various modifications may be made therelo without departing form the scope of the
present invention. For example, the bending flexibility of a well may be achieved by a

combination of examples provided above.

In the examples described above a ceniralisation system may be used between
adjacent tubular sirings {e.g., between conducior pipe and surface casing string, and/or

between adjacent casing strings). This may assist to ensure the {ubular strings are
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ceniralised, and remain substantially centralised following movement or bending of the
upper well portion. This may assist {0 ensure appropriate cement placement (or aven
placement of a flexibie material, for example), for example circumferential coverage,
within the first annulus, for example initial cement placement and/or in a subseguent

cementing operation, such as a top fill cementing operation.
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CLAIMS:

1. A method for forming an offshore well, comprising:

forming a well structure which includes a lower well portion extending below a
seabed and an upper well portion exiending between the seabed and a terminating
upper end of the well structure, wherein the well structure comprises a first tubular
string and a second tubular string located within the first tubular string with a first
annulus defined therebetween; and

partiglly filling the first annulus with cement 1o a first height which is

intermediate the seabed and the terminating upper end of the well structure.

2. The method of claim 1, wherein a region of the first annulus above the first

height is substantially void of cement.

3. The method of claim 1 or 2, wherein the upper well portion extends above &
surface of the sea with the terminating upper end of the well structure aligned with a

surface platform.

4. The method of any preceding claim, wherein the first tubular string comprises a
conductor pipe, and the method comprises inserting the conducior pipe inio the seabed
such that a portion of the conductor pipe extends upwardly from the seabed to the

terminating upper end of the well structure.

5. The method of claim 4, wherein the second fubular string comprises a casing
string, and the method comprises inserting the casing string within the conductor pipe
{o define the first annulus thersbetween, wherein the casing string extends upwardly {o

the terminating upper end of the well structure.

5. The method of any one of claims 1, 2 or 3, wherein the first tubular string
comprises a first casing string and the second tubular string comprises a second

casing string located within the first casing string.

7. The method of any preceding claim, comprising pumping cemeant into the first

annulus, and ceasing pumping of the cement when the first height has been achieved.
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a. The method of any preceding claim, comprising measuring the height of cement

within the first annulus during filling of said first annulus to determine when the first

height of the cement has been achieved.

9. The method of any preceding claim, comprising providing a desired volume of
cement and placing this desired volume of cement within the first annulus such that the

first height is achisved.

10. The method of any preceding claim, wherein a tubular string support or guide
arrangement is provided between the first and second iubular strings o provide load
transference and/or guiding between the first and second tubular strings, at least prior
o locating cement within the first annulus, wherein the method comprises embedding

the tbular string support or guide arrangement within the cement.

11. The method of any preceding claim, comprising washing or flushing out the first

annulus above the first height of the cement.

12. The method of any preceding claim, comprising moving the terminating upper
end of the well structure between first and second positions, whersin such movement

induces bending of the upper well portion.

13. The method of claim 12, comprising performing a subsequent cementing
operation following movement of the terminating upper end of the well structure to add

cement into the first annulus {o a second height.

14. The method of any preceding claim, comprising placing a flexible material within

the first annulus above the first height of the cement.

15. The method of claim 14, comprising placing the flexible material at one or more

discrete jocations along the first annulus.

18. The method of claim 14, comprising placing flexible material along the first
annulus between the first height of the cement and the terminating upper end of the

well structure.



10

15

20

30

35

WO 2017/071709 PCT/DK2016/000040

48

17. The method according to any preceding claim, comprising installing a third
tubular string as part of the well struciture, wherein @ second annulus is defined

between the third tubular string and ons of the first and second tubular strings.

18. The method according to claim 17, comprising locating cement in the second

annulus.

18. The method according to claim 18, comprising partiglly filling the second

annulus with cement.

20. The method according to any one of claims 17 {0 19, comprising providing fluid
communication belween the first and second annuli above the first height, wherein fluid

communication is provided via a valve.

21. The method according to claim 20, comprising circulating a fluid between the

first and second annuli.

22. The method according o any preceding claim, comprising varying the bending

stiffness along at least one of the first and second tubular strings.

23. The method of any preceding claim, wherein the terminating upper end of the
well structure is configured o be moved between first and second posilions by &
moving mechanism connectable between the first tubular string and a wellhead
platform,

and wherein the first tubular string is configured to be laterally constrained by a
quide, the guide being connecied to the weilthead platform by a rigid gquide sysiem,

the first height being arranged to allow bending of the well structure at or above

the guide on actustion of the moving mechanism.

24. The method of claim 23, wherein the first height is one of. substantially level

with the guide; and above the guide.

25. The method of claim 24, wherein the first height is above the guide by a

distance of up o 5 metres.
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28. An offshore well installation, comprising:

a well structure which inciudes a lower well portion extending below a seabed
and an upper portion extending between the seabed and a terminating upper end of
the well structure, wherein the well structure comprises a first tubular string and &
second tubular string located within the first tubular siring with a first annulus defined
therebetween, and

cement partially filling the first annulus to a first height which is intermediate the

seabed and the terminating upper end of the well structure.

27. A method for forming an offshore well, comprising:

forming a well structure which includes a lower well portion extending below a
seabed and an upper weall portion axiending between the seabed and a terminating
upper end of the well structure, wherein the well struclure comprises a first tubular
string and a second tubular siring located within the first tubular siring with a first
annulus definaed therebatwesn;

locating cement within the first annulus to define a cement sheath; and

providing a cement disruptor within the first annulus, wherein the cement

disruptor reduces resistance of the cement sheath 1o bending of the upper well portion.

28. The method of claim 27, wherein the cement disruptor provides a localised

weakness at a location along the cement sheath.

29. The method of claim 28, comprising bending the upper well portion 1o cause

failure of the cament sheath at the location of the weakness.

30 The method of claim 28, wherein the bending is caused by moving the

terminating upper end of the well structure from a first position to a second position.

31. The method of any one of claims 27 to 30, wherein the cement disruptor

provides a localised reduction in the thickness of the cement sheath.

32. The method of any one of claims 27 to 31, wherein the cement disruptor

mechanically weakens the cement sheath.
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33 The method of any one of claims 27 to 32, wherein the cement disruptor
comprises or defines one or more flow passages or channels o permit cement o flow
past the cement disruptor during location of cement within the first annulus, and the

method comprises embedding at least a portion of the cement disruptor in the cement.

34. The method of any one of claims 27 o 33, wherein the cement disruptor

comprises a sleeve.

35, The method of claim 34, wherein the slesve is mounted on at least one of an

inner surface of the first tubular siring and an ouler surface of the second tubular string.

36. The method of any one of claims 27 to 35, wherein the cement disrupior
comprises one or more protuberances which extend into the first annulus, wherein the
one or more protuberances extend from one or both of the first and second tubular

strings.

37. The method of any one of claims 27 to 36, wherein the cement disruptor
comprises a coating applied to one or both of the inner surface of the first tubular string
and outer surface of the second tubular string, whersin the coating disrupts adherence

of the cement sheath {0 one or both of the first and second tubular string.

38. The method of claim 37, wherein the coating comprises a mechanical barrier

which reduces friction between the cement sheath and first/second tubular string.

39 The method of claim 37 or 38, wherein the coating comprises a chemical barrier
for preventing or reducing curing of the cement in the region of the chemical barrier to

reduce cement adhesion with the first and/or second tubular string.

40, The method of any one of claims 27 to 3%, comprising providing multiple

cement disruptors axially along the first annulus.

41, The method according to any one of claims 27 10 40, wherein the well structure
comprises a third tubular string, wherein a second annulus is defined between the third

tubular string and one of the first and second tubular strings.
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42. The method according to claim 41, comprising locating cement within the
second annuius to define a second cement sheath, and providing a cement disruptor
within the second annulus, wherein the cement disruplor reduces resistance of the

second cement sheath to bending of the upper wall portion.

43. The method of any of ciaims 27 1o 42, wherein the iferminating upper end of the
well structure is configured to be moved between first and second positions by a
moving mechanism connectable between the first tubular string and a wellhead
platform,

and wherein the first tubular string is configured o be iaterally constrained by a
quide, the guide being connected to the wellhead platform by a rigid guide system,

the method comprising locating the cement disruptor at a location arranged o
allow bending of the well structure at or above the gquide on actualion of the moving

mechanism.

44, The method of claim 43, wherein the location of the cement disruptor is one of

substantially level with the guide, and above the guide.

45, The method of claim 44, wherein the location of the cement disruptor is above

the guide by a distance of up 1o 5 metres.

48, The method of any of claims 43 o 45, wherein the upper well portion is
configured to be moved at a location of a further guide, below the moving mechanism
and above the guide, by an active guide system connectable between the further guide
and the wellhead platform,

the method further comprising configuring the well structure o have reduced

axial stiffness at a point substantially aligned with the further guide.

47. The method of claim 48, wherein configuring the well to have reduced axial
stiffness comprises one or more of: locaiing a further cement disruptor in the well
structure; partially filling the annulus with cement; and locating a flexible material in the

well structure.

48. An offshore well installation, comprising:
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a well structure which includes a lower well portion extending below a seabed
and an upper well portion extending between the seabed and a terminating upper end
of the well structure, wherein the well structure comprises a first tubular string and a
second tubular string located within the first tubular string with a first annulus defined
therebetween;

a cement sheath ai least partially filling the first annulus; and

a cement disruptor located within the first annulus.

49, A method for forming an offshore well, comprising:

a well structure which inciudes a lower well portion extending below a seabed
and an upper well portion extending between the seabed and a terminating upper end
of the well structure, wherein the well struclure comprises a first tubular string and a
second tubular string located within the first tubular siring with a first annulus defined
therebetween, and

locating a flexible material within the first annulus.

50. The method of claim 43, comprising locating the flexible material at one or more

discreie iocations along the first annulus.

51. The method of claim 49, comprising substantially filling the first annulus with the

flexible material.

52. The method of any ong of claims 49 {0 51, comprising partially filling the first
annulus with cement 1o a first height within the first annulus, and then localing the

flexible material within the first annulus above the first height of the cement.

53. The method according to any of claims 49 to 52, wherein the terminating upper
end of the well structure is configured to be moved between first and second positions
by a moving mechanism connectable belween the first tubular siring and a wellhead
platform,

and wherein the first tubular string is configured to be laterally constrained by a
guide, the guide being connecied to the welthead platform by a rigid guide system,

the method comprising localing the flexible material at a location arranged io
allow bending of the well siructure at or above the guide on actuation of the moving

mechanism.
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54, The method of claim 53, wherein the location of the flexible material is one of

substantially level with the guide; and above the guidse.

55, The method of claim 54, wherein the location of the flexible material is above

the guide by a distance of up 0 5 meires.

58. The method of any of claims 53 to 55, wherein the upper well portion is
configured to be moved at a location of a further guide, below the moving mechanism
and above the guide, by an active guide system connectable between the further quide
and the wellhead platform,

the method further comprising configuring the well structure to have reduced

axial stiffness at a point substantially aligned with the further guide.

57. The method of claim 56, wherein configuring the well 1o have reduced axial
stiffness comprises one or more of locating a cement disruptor in the well structure;
partially filling the annulus with cement; and locating a further flexible material in the

well structure.

58. An offshore well installation, comprising:

a well structure which includes a lower well portion exiending below a seabed
and an upper well portion extending between the seabed and a terminating upper end
of the well structure, wherein the well structure comprises a first tubular string and a
second tubular string located within the first fubular string with a3 first annulus defined
therebetween; and

a flexible material located within the first annulus,

59 An offshore well pipe for use in forming an offshore well and including an upper
portion to be installed above a seabed, wherein the bending stiffness varies between at

least two axially extending wall sections of the upper portion of the well pipe.

60, The offshore well pipe according to claim 59, comprising multiple well pipe

sections secured together, in end-to-end relation, to form the well pipe.
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61. The offshore well pipe according to claim 60, wherein the well pipe sections
include end connectors and variations in bending stifiness is provided between axial

wall sections which are located between end connectors of a well pipe section.

B2, The offshore well pipe according to claim 60 or 61, wherein different axial wall

sections with different bending stiffness are provided on a single weil pipe section.

63. The offshore well pipe according 1o any one of claims 80 to 62, wherein
different axial wall sections with different bending siiffness are provided on different

well pipe sections.

64. The offshore well pipe according {o any one of dlaims 59 o 83, wherein the at
least two axially extending wall sections comprise different wall thicknesses o provide

a different bending stiffness.

65, The offshore well pipe according to any one of claims 58 to 64, wherein the at
least two axially exiending wall seclions comprise different materials to provide a

different bending stifiness.

66. The offshore well pipe according {o any one of daims 59 o 55, wherein the at
least two axially exiending wall seclions comprise different geometries to provide a

different bending sliffness.

67. The offshore well pipe according to any one of claims 59 to 55, defining at least

one of a conductor pipe and a casing string.

58, A method for forming an offshore well, comprising:

forming a well structure which includes a lower well portion extending below a
seabed and an upper well portion exiending between the seabed and a terminating
upper end of the well siructure, wherein the well structure comprises a first tubular
string and a second tubular string located within the first tubular string with a first
annulus defined therebelween,

wherein the first and second tubular strings include an upper portion 1o be

installed above a seabed within the upper well poriion, and wherein the bending
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stiffness varies between at least two axially extending wall sections of the upper portion

of at least one of the first and second ubular sirings.

89, An offshore well installation, comprising:

a well structure which includes a lower well portion extending below a seabed
and an upper well portion extending between the seabed and a terminating upper end
of the well structure, wherein the well structure comprises a first tubular string and a
second tubular string located within the first tubular string with a first annulus defined
therebelween,

wherein the first and second tubular strings include an upper portion instalied
above a seabed within the upper well portion, and wherein the bending stiffness varies
between at least two axially exiending wall sections of the upper portion of at least one

of the first and second twbular strings.
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