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DESCRIPTION

Description

Technical field

[0001] The invention concerns a fluid diverter tool, system and method of diverting a fluid flow
in a subterranean well. The well may be any type of well, such as a petroleum well (oil and/or
gas well), production well, injection well, water well or hydrothermal well. The well may also be
vertical or deviated. The invention may be used in various well operations requiring a fluid flow
to be diverted from an interior of a pipe body (e.g. casing or liner) to an exterior annulus in the
well via one or more holes (e.g. perforations) formed through a wall of the pipe body. As such,
the invention may be used for cleaning, conditioning and/or plugging said annulus of the well.

[0002] Advantageously, the present invention may be used in context of plugging and
abandoning (P&A) wells using the so-called Perf-Wash-Cement method ("PWC®" and "PWC,

Perf-Wash-Cement®"), which is commonly known in the oil and gas industry as a very cost-
efficient and environmentally safe method of plugging wells. The invention may also be suitable
for other types of plugging operations based on the Perf-Wash-Cement (PWC) method, such
as zone isolation, side-tracking or remedial repairs in wells. Further, the invention may be used
in context of so-called cut-and-pull operations in wells, the purpose of which is to cut (i.e.
sever) and pull out one or more sections of a pipe body from a well. In this case, the invention
may be used to wash and clean away, via said holes, pipe-binding contaminants (e.g. particles,
debris, deposits, etc.) in the exterior annulus before cutting and pulling out said section(s) of
the pipe body.

Technical background

[0003] In well operations requiring a fluid flow to be diverted outwards into an annulus via
holes in a pipe body, pressure surges may arise during the well operation. Such pressure
surges are likely related to operational parameters, such as pump pressures and fluid
densities. The pressure surges may also arise as a result of encountering flow restrictions in a
well, for example a zone of hard and wear-resistant annular material, or an unperforated
"blank” pipe section. Although less likely, pressure surges may arise as a result of sudden
influx of pressurized formation fluids (i.e. a "kick"). Irrespective of their causes, such pressure
surges may prove harmful or destructive to the integrity of equipment and tubulars in the well,
and also to the integrity of the rocks through which the well extends. All of these surge-related
effects are highly undesirable.
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[0004] Accordingly, there is a need in the industry, including the oil and gas industry, for a
simple, cost-efficient and versatile solution for avoiding or at least mitigating the harmful or
destructive effects of such pressure surges in context of carrying out fluid diversion operations
in a well, including the aforementioned types of operations.

Prior art

[0005] Various well plugging technologies based on the noted Perf-Wash-Cement (PWC)
method are disclosed in the following patent publications:

WO 2012/096580 A1,
WO 2012/105852 A1,
WO 2013/133719 A1,
WO 2015/026239 A2,
WO 2015/034369 A1,
WO 2015/115905 A1,
WO 2016/200269 A1,
WO 2019/078728 A2; and

WO 2019/097259 A1.

[0006] Various fluid diversion technologies used in context of cut-and-pull operations, as
mentioned above, are disclosed in the following patent publications:

WO 2011/061506 A2,
WO 2013/133718 A1; and

WO 2015/105427 A2,

[0007] None of these publications seek to mitigate the harmful or destructive effects of said
pressure surges developed in context of carrying out fluid diversion operations in wells,
including the aforementioned types of operations. These publications therefore do not disclose
the main features of the present invention.

Summary of the invention
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[0008] The primary object of the invention is to provide a technology for avoiding or at least
mitigating the harmful or destructive effects of pressure surges arising in context of diverting a
fluid flow outward into an annulus via one or more holes (e.g. perforations) formed in a pipe
body in a well.

[0009] In view of said primary object, a secondary object of the invention is to ensure complete
annular displacement of a treatment fluid when being diverted outwards into said annulus via
one or more of said holes during a treatment operation in the well.

[0010] Another secondary object of the invention is to achieve minimal mixing of said treatment
fluid with other well fluids during the treatment operation.

[0011] Another secondary object of the invention is to limit the volume of treatment fluid used
during the treatment operation, which saves on fluid costs.

[0012] Another secondary object of the invention is to use relatively small hole sizes in the pipe
body for said treatment operation. This facilitates use of conventional and cheaper perforation
technologies, e.g. perforation guns, for making said one or more holes in the pipe body.

[0013] Another secondary object of the invention is to facilitate improved annular displacement
of said treatment fluid in a relatively large-sized pipe body and annulus in the well.

[0014] Yet another secondary object is to use the present invention in a well having multiple
pipe bodies disposed in a pipe-in-pipe configuration so as to define multiple outwardly
surrounding and corresponding annuli, the multiple pipe bodies also having a plurality of holes
formed through the walls thereof so as to gain access to said annuli.

[0015] A further object of the present invention is to provide an alternative variant of the prior
art Perf-Wash-Cement (PWC) method mentioned above.

[0016] The ultimate object of the invention is therefore to provide a technology capable of
optimizing the diversion and displacement of a fluid flow in a controlled and safe manner during
one or more treatment operations in a well.

[0017] The objects are achieved by virtue of features and steps disclosed in the following
description and in the subsequent claims.

[0018] In a first aspect, the present invention comprises a fluid diverter tool for use in a pipe
body in a well, the diverter tool comprising:

» a tubular mandrel with a longitudinal bore therethrough and having a first end and an
opposite second end, said first end operable to allow receipt of a treatment fluid, and
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said second end operable to allow discharge of the treatment fluid;

« a packer element affixed to an exterior surface of the tubular mandrel and located
between the first and second ends of the mandrel, the packer element having a first side
facing the first end of the mandrel and an opposite second side facing the second end of
the mandrel, said packer element shaped and operable to sealingly engage an inside of
said pipe body to allow a flow of the treatment fluid to be diverted outwards. The fluid
diverter tool is characterized in that the packer element comprises a pressure relief
device adapted and operable, when open, to relieve pressure from the second side to
the first side of the packer element;

« wherein the pressure relief device is adapted to open upon exposure to a first pressure
differential acting across the pressure relief device from the second side of the packer
element; and

« wherein the pressure relief device is adapted to close upon exposure to a lower than
said first pressure differential acting across the pressure relief device from the second
side of the packer element.

[0019] When used in said well, the first end of the mandrel would be the shallower and
generally upper end thereof, whereas the second end of the mandrel would be the deeper and
generally lower end thereof. Similarly, the first side of the packer element would be the
shallower and generally upper side thereof, whereas the second side of the packer element
would be the deeper and generally lower side thereof.

[0020] Further, the pipe body may be a tubular entity in the form of a casing, liner, production
tubing, injection tubing or similar disposed in the well.

[0021] It is also to be understood that the term "fluid" or "fluidized", as used herein, generally
refers to a liquid or a liquefied material or substance.

[0022] In one embodiment of the diverter tool, the pressure relief device comprises at least
one pressure relief valve disposed within at least one corresponding relief channel extending
through the packer element between the first and second sides thereof. A suitable pressure
relief valve may be selected and used in this embodiment.

[0023] In an alternative embodiment of the diverter tool, the pressure relief device comprises:

+ at least one relief channel extending through the packer element between the first and
second sides thereof; and

« at least one seal body shaped and operable to sealingly engage and close said relief
channel when in a closed seal position, said seal body also operable to move between
the closed seal position and a first open seal position at the first side of the packer
element so as to allow said relief channel to be closed and opened;

» wherein the seal body is biased towards the closed seal position; and

« wherein said bias of the seal body is adapted to yield upon exposure to said first
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pressure differential so as to allow the seal body to move towards the first open seal
position at the first side of the packer element and relieve pressure from the second side
to the first side of the packer element.

[0024] In this alternative embodiment, the at least on seal body may be in the form of one or
more disc-shaped seal bodies capable of sealing against, or within, one or more relief
channels in the packer element. Insofar as the seal body is biased towards the closed seal
position, the seal body will therefore experience some resistance against movement towards
the first open seal position.

[0025] In a first variant of the alternative embodiment, said relief channel comprises a plurality
of relief channels extending through the packer element, and - wherein said seal body
comprises a singular seal body shaped and operable to sealingly engage the plurality of relief
channels when in the closed seal position.

[0026] In this first variant, the singular seal body may be in the form of a seal disc capable of
sealing against a common side of the relief channels so as to allow all relief channels to be
closed or opened simultaneously.

[0027] In a second variant of the alternative embodiment, said relief channel comprises an
annular relief channel located between the mandrel and the packer element and extending
longitudinally within the packer element so as to separate the mandrel from the packer
element;

« wherein support elements extend between the packer element and the mandrel for
supporting the packer element on the mandrel;

« wherein said seal body comprises an annular seal body slidably disposed on the
mandrel for allowing longitudinal movement of the annular seal body between the closed
seal position and the first open seal position at the first side of the packer element; and

= wherein the annular seal body is shaped and operable to sealingly engage the annular
relief channel when located therein so as to define the closed seal position of the
annular seal body.

[0028] In this second variant, the support elements may be in the form of struts (or similar) for
allowing bypass of fluids. The closed seal position may also be defined by any position in which
the annular seal body sealingly engages the surrounding annular relief channel along its
longitudinal extent.

[0029] Further to said second variant, the annular seal body may be affixed to a seal sleeve
slidably disposed on the mandrel for allowing said longitudinal movement of the annular seal
body between the closed seal position and the first open seal position at the first side of the
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packer element; and

+ wherein the seal sleeve is biased towards the closed seal position, thereby also biasing
the annular seal body towards the closed seal position. The bias of the seal body is thus
provided indirectly by the biased seal sleeve.

[0030] In this context, the diverter tool may also comprise a biasing device disposed on the
mandrel and in operable contact with the slidable seal sleeve so as to provide said (indirect)
bias of the annular seal body towards the closed seal position. This biasing device may
comprise a spring device of suitable type, for example a coil spring or similar.

[0031] Yet further to said second variant, the annular seal body may also be operable to move
longitudinally between the closed seal position and a second open position at the opposite
second side of the packer element so as to allow said relief channel to be opened in the
opposite direction. This may facilitate upward movement or withdrawal of the diverter tool from
said pipe body by virtue of allowing ambient fluids in the pipe body to flow through the packer
element during said movement within the pipe body.

[0032] In the latter context, the annular seal body may be operable to move towards the
second open position upon exposure to a second pressure differential acting on the annular
seal body from the first side of the packer element. The second pressure differential may arise
in response to moving the diverter tool upwards through said ambient fluids in the pipe body.

[0033] Advantageously, said second pressure differential is lower than said first pressure
differential so as to facilitate easy upward movement or withdrawal of the diverter tool from the
pipe body.

[0034] Additionally, or alternatively, said bias of the annular seal body may be adapted to yield
in the opposite direction upon exposure to said second pressure differential so as to allow the
annular seal body to move towards the second open position. This implies that said bias of the
annular seal body is bidirectional and therefore is responsive to individual pressure differentials
acting in opposite directions. As such, the bias is responsive to said first pressure differential
when operating the diverter tool in the pipe body, and said bias is also responsive to said
second pressure differential when withdrawing or moving the diverter tool upwards in the pipe
body.

[0035] Further to said alternative embodiment, the diverter tool may comprise a releasable
holding mechanism operable to releasably hold said seal body in an open holding position at
the first side of the packer element before operating the diverter tool in said pipe body. This
feature may facilitate insertion of the diverter tool into said pipe body by virtue of allowing said
ambient fluids in the pipe body to flow through the packer element when being moved
downwards within the pipe body.
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[0036] The releasable holding mechanism may comprise one or more retaining elements
operable to move radially within corresponding openings in the mandrel from an outer radial
position to an inner radial position;

« wherein said seal body is adapted to be held in the open holding position by the one or
more retaining elements in the outer radial position; and

» wherein movement of the one or more retaining elements to the inner radial position
releases the holding mechanism and allows said seal body to move from the open
holding position to the closed seal position.

[0037] The releasable holding mechanism may further comprise an activation sleeve located
on an interior of the mandrel and slidably disposed therein, said activation sleeve also operable
to move longitudinally between a first activation position and a second activation position;

« wherein the activation sleeve, when in the first activation position, covers said openings
in the mandrel and holds the one or more retaining elements in the outer radial position;
and

+ wherein the activation sleeve, when in the second activation position, does not cover
said the openings and allows the one or more retaining elements to move to the inner
radial position for said release of the holding mechanism.

[0038] The one or more retaining elements may be selected from a group comprising retaining
dogs and/or retaining balls. Other suitable retaining elements may also be used, as
appropriate.

[0039] The diverter tool may also comprise a suitable spring device disposed on the mandrel
and operable to move said seal body from the open holding position to the closed seal position
after release of the holding mechanism. The spring device may also be operable to provide
said bias of the seal body towards the closed seal position.

[0040] Yet further, the packer element of the diverter tool may comprise a radially extending
collar adapted and operable to sealingly engage the inside of said pipe body. As such, the
radially extending collar may be a cup-shaped packer, for example a so-called swab cup
commonly known in the industry and familiar to the skilled well practitioner. Cup-shaped
packers are generally formed from a resilient material, such as rubber or elastomer material,
and have a concave side and an opposite convex side. Due to its resiliency, such a packer is
usually of a size allowing it to flex and sealingly engage with an inside of the pipe body when
forced through the pipe body. Pressurization of the concave side of the packer during
operation serves to force the packer outwards so as to seal (even) better against the inside of
the pipe body, whereas pressurization of its opposite convex side serves to flex the packer
inwards so as to relieve pressure from the convex side to the concave side thereof.
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[0041] Alternatively, the packer element of the diverter tool may comprise an expandable
packer adapted and operable to expand radially to sealingly engage the inside of said pipe
body. The expandable packer may be an inflatable packer adapted and operable to expand
radially upon inflation thereof. Yet alternatively, the expandable packer may be an axially
compressible packer adapted and operable to expand radially upon axial compression thereof.
Such expandable packers are known in the art and are generally run into the pipe body in a
relaxed and unexpanded state, after which they are activated and expanded in place within the
pipe body.

[0042] In some advantageous applications, the packer element may also be rotatably
connected to the mandrel to allow rotation of the mandrel relative to the packer element. The
rotatable connection may comprise a suitable bearing, bushing or gliding arrangement
disposed between the mandrel and the packer element.

[0043] In a second aspect, the present invention comprises a system for diverting a fluid flow
in a well, the system comprising:

« at least one pipe body, including an innermost pipe body;

« at least one annulus, including an innermost annulus, located between the innermost
pipe body and a surrounding borehole wall of the well; and

= a plurality of holes formed through a wall of said at least one pipe body and dispersed
along a longitudinal section of the well to allow communication between the at least pipe
body and the at least one annulus. The system is characterized in that it also comprises
a fluid diverter tool according to the first aspect of the invention positioned in the
innermost pipe body at said longitudinal section of the well;

« wherein said second end of the mandrel of the diverter tool is operably connected
(directly or indirectly) to a treatment tool adapted and operable to discharge said
treatment fluid into the innermost pipe body;

« wherein said packer element of the diverter tool is in sealing engagement with an inside
of the innermost pipe body to allow, if possible, a flow of the treatment fluid to be
diverted outwards into the at least one annulus via one or more of said holes in the at
least one pipe body along the longitudinal section, the packer element defining a first
pipe region above said first side of the packer element and a second pipe region below
said second side of the packer element; and

e wherein said pressure relief device of the diverter tool is operable to open and relieve
pressure from the second pipe region to the first pipe region upon exposure to a fluid
pressure in the second pipe region being sufficient to generate said first pressure
differential across the pressure relief device.

[0044] From this definition, it is clear that the present system employs the fluid diverter tool
disclosed in the above first aspect of the invention. All of the above features and comments
relating to the fluid diverter tool are therefore applicable to the present system. It is also to be
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understood that said treatment fluid generally refers to a liquid or a liquefied material or
substance suitable for performing a treatment operation in the well.

[0045] From this definition, it is also to be understood that the present system may comprise
multiple pipe bodies disposed in a pipe-in-pipe configuration in the well so as to define multiple
outwardly surrounding and corresponding annuli confined by the surrounding borehole wall. In
this context, the innermost pipe body constitutes the smallest pipe size in the pipe-in-pipe
configuration. These pipe bodies also have a plurality of holes formed through their respective
walls, the holes of which are dispersed along said longitudinal section so as to gain access to
the corresponding annuli. In this setting, the packer element would be in sealing engagement
with an inside of the innermost pipe body of said pipe-in-pipe configuration and would serve to
divert said flow of treatment fluid outwards into the multiple annuli via said holes in the multiple
pipe bodies.

[0046] To further clarify, said first pipe region is the shallower and generally upper pipe region
located above the packer element, whereas said second pipe region is the deeper and
generally lower pipe region located below the packer element.

[0047] Under normally uninhibited flow conditions in the well, the diverter tool is operable to
divert the flow of treatment fluid outwards into the at least one annulus via said one or more
holes in the at least one pipe body so as to flow onwards within the at least one annulus to
above and past the packer element. Preferably, the treatment fluid then re-enters the
innermost pipe body via one or more other holes above the packer element and flows upwards
to the surface via the innermost pipe body. Alternatively, although less practical, the treatment
fluid could flow upwards to the surface via the one or more annuli above the longitudinal
section of the well.

[0048] Yet further, the at least one annulus of the system may, or may not, contain various
contaminants located along at least a part of said longitudinal section of the well. If present,
such contaminants may require removal from the at least one annulus along the longitudinal
section. These contaminants may comprise various particles, debris, deposits and/or well
fluids, for example filter cake, formation particles, drill cuttings, drilling additives, e.g. barite,
cement particles and/or residues, old drilling fluids (or similar) that have settled out or remain in
said annulus from previous well operations. Such contaminants may also extend beyond the
longitudinal section of the well.

[0049] Advantageously, the system may comprise a tubular work string disposed in the
innermost pipe body and having a lower end connected to said first end of the mandrel of the
diverter tool for operating the diverter tool and the treatment tool in the innermost pipe body,
and for supplying the treatment fluid thereto. The work string may, for example, be in the form
of a jointed pipe string (e.g. drill string), a coiled tubing string or a coiled hose of suitable type
extending to the surface of the well for supplying said treatment fluid to the diverter tool and
the treatment tool. Preferably, the treatment fluid is pumped down from the surface of the well.
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[0050] It is also conceivable for the system to have a suitable downhole pump operably
connected (directly or indirectly) to said first end of the mandrel for operating the diverter tool
and the treatment tool in the innermost pipe body, and for supplying the treatment fluid thereto.
This would require suitable equipment, including power and control devices, connected to the
downhole pump for operation and control thereof.

[0051] Further, said discharge of treatment fluid into the innermost pipe body may be operable
to generate the fluid pressure in the second pipe region being sufficient to open the pressure
relief device. In this case, the displacement or pumping of treatment fluid into the second pipe
region via the treatment tool may generate sufficient fluid pressure in the second pipe region to
open the pressure relief device and relieve pressure from the second pipe region.

[0052] Additionally, or alternatively, at least the innermost annulus may include a flow-inhibiting
blockage zone located within the longitudinal section of the well;

« wherein the packer element is in sealing engagement with the innermost pipe body at
the blockage zone of at least the innermost annulus so as to inhibit diversion of the flow
of treatment fluid outwards into said annulus via said one or more holes in the at least
one pipe body; and

» wherein said discharge of treatment fluid into the innermost pipe body at the blockage
zone is operable to generate the fluid pressure in the second pipe region being sufficient
to open the pressure relief device.

[0053] In this case, the displacement or pumping of treatment fluid into the second pipe region
via the treatment tool is inhibited by said blockage zone so as to increase and generate
sufficient fluid pressure in the second pipe region to open the pressure relief device and relieve
pressure from the second pipe region.

[0054] The flow-inhibiting blockage zone in at least the innermost annulus may comprise very
hard, sticky and/or wear-resistant material, for example contaminants of the abovementioned
types, including very firm and hard cement, and/or wear-resistant formations rocks of the
surrounding borehole wall. This material may prove sufficiently resistant to remain in the at
least one annulus even after attempting to wash and clean away the material from the at least
one annulus. It is also to be understood that one or more of these annuli may or may not
include several flow-inhibiting blockage zones located within the longitudinal section, each of
which may inhibit outward diversion of treatment fluid.

[0055] Advantageously, the first pressure differential may be lower than a fluid pressure
required in the second pipe region to break down the packer element, i.e. lower than the load
capacity or breaking strength of the packer element.

[0056] Additionally, or alternatively, the first pressure differential may be lower than a fluid
pressure required in the second pipe region to break down the surrounding borehole wall of
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the well, i.e. lower than the load capacity or breaking strength of the surrounding rocks. A so-
called leak-off test (LOT), which is not part of the present invention, is commonly used to
determine the fluid pressure required to break down the adjacent rocks of the well.

[0057] Further, the treatment tool may comprise a jetting tool adapted and operable to
discharge jets of treatment fluid directed outwards into the at least one annulus via said one or
more holes in the at least one pipe body. Such a jetting tool is disclosed in, for example, WO
2013/133719 A1, WO 2015/034369 A1 and WO 2016/200269 A1, which are mentioned under
"Prior art” above. Use of such jets allow the treatment fluid to gain better access to various
places and voids in the at least one annulus so as to facilitate the overall treatment operation
and achieve an optimum treatment effect in the at least one annulus.

[0058] Optionally, the jetting tool may include a check valve adapted and operable to open
upon exposure to a predetermined fluid pressure and discharge said jets of treatment fluid.

[0059] Such a check valve is particularly useful in context of supplying a treatment fluid of
relatively high density (e.g. cement slurry) as compared to ambient fluids in the well (e.g.
drilling mud or a completion fluid, such as water or brine). The check valve may prove
instrumental in preventing so-called U-tubing (oscillatory movement of a fluid column) when
displacing such a high-density treatment fluid into the well. This prevention serves to avoid or
reduce any mixing of the treatment fluid with the ambient fluids so as to contaminate the
treatment fluid. The check valve may thus be adapted to open at a predetermined pump
pressure and then to close when the pumping (and associated pump pressure) ceases.

[0060] It is also conceivable for the system to include a first jetting tool not equipped with a
check valve and a second jetting tool equipped with a check valve. As such, the first jetting tool
may be used in a first operation for jetting a first treatment fluid of relatively low density, for
example a drilling mud or a spacer fluid. The second jetting tool may then be used in a second
and subsequent operation for jetting a second treatment fluid of relatively high density, for
example cement slurry.

[0061] Additionally, or alternatively, the treatment tool may comprise an open-ended pipe
section adapted and operable to discharge the treatment fluid directly into the innermost pipe
body. The open-ended pipe section may, for example, be a so-called "stinger” (e.g. a "cement
stinger").

[0062] Yet further, the treatment fluid may be a fluid selected from a group comprising:

» a washing fluid for cleaning in the at least one annulus;

« a spacer fluid for conditioning surfaces defining the at least one annulus; and

¢ a fluidized plugging material for forming a plug in the at least one annulus and the at
least one pipe body along at least the longitudinal section of the well.
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[0063] The washing fluid may be drilling mud, brine or water or some other fluid suitable for
the particular treatment operation. The spacer fluid, as commonly known and referred to in the
art, is typically used for conditioning the surfaces of a pipe body and an annulus, for example
for removing mud and/or contaminants from these surfaces. The spacer fluid may also have
water-wetting properties or similar for conditioning these surfaces, including the rock surface of
the surrounding borehole wall, so as to facilitate improved bonding with a subsequent plugging
material introduced therein. In this context, the spacer fluid also acts as a "spacer” between the
plugging material and a preceding washing fluid or ambient fluids in the well. Further, the
fluidized plugging material is typically comprised of cement slurry but may be comprised of any
suitable plugging material, for example some type of resin or similar material.

[0064] It is therefore to be understood that the present system also may be used in a cut-and-
pull operation to wash and clean away, via said holes, pipe-binding contaminants located in an
annulus, and along a section of a pipe body, before cutting and pulling out the liberated pipe
section from the well, as discussed above.

[0065] It is also to be understood that the present system may employ one type of treatment
fluid in one type of treatment operation, whereas some other type of treatment fluid may be
employed in another type of treatment operation in the well. Further, it is to be understood that
variations of the system may be used for various consecutive treatment operations in the well.
This implies that one type of treatment fluid and/or treatment tool may be employed in one
treatment operation, whereas one or more other types of treatment fluid and/or treatment tools
may be employed in one or more subsequent treatment operations in the well. Yet further, it is
to be understood that multiple treatment operations may be carried out in a single run or in
multiple runs into the well, as deemed practicable, desirable or possible.

[0066] In a third aspect, the present invention comprises a method of diverting a fluid flow in a
well, the well comprising:

« at least one pipe body, including an innermost pipe body;

» at least one annulus, including an innermost annulus, located between the innermost
pipe body and a surrounding borehole wall of the well;

« a plurality of holes formed through a wall of said at least one pipe body and dispersed
along a longitudinal section of the well to allow communication between the at least pipe
body and the at least one annulus. The method is characterized in that it comprises the
steps of:

1. (A) using a fluid diverter tool according to the first aspect of the invention and
operably connecting (directly or indirectly) said second end of the mandrel of the
diverter tool to a treatment tool adapted and operable to allow discharge of said
treatment fluid;

2. (B) positioning the diverter tool and the treatment tool in the innermost pipe body
at said longitudinal section of the well;

3. (C) sealingly engage said packer element of the diverter tool with an inside of the
innermost pipe body so as to define a first pipe region above said first side of the
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packer element and a second pipe region below said second side of the packer
element;

4. (D) displacing the treatment fluid through the diverter tool and the treatment tool
so as to discharge into the second pipe region of the innermost pipe body and, if
possible, allowing said packer element of the diverter tool to divert a flow of the
treatment fluid outwards into the at least one annulus via one or more of said
holes in the at least one pipe body along the longitudinal section; and

5. (E) allowing said pressure relief device of the diverter tool to open and relieve
pressure from the second pipe region to the first pipe region of the innermost pipe
body upon exposure to a fluid pressure in the second pipe region being sufficient
to generate said first pressure differential across the pressure relief device.

[0067] From this definition, it is clear that the present method employs the fluid diverter tool
disclosed in the first aspect of the invention and the system disclosed in the second aspect
thereof. All of the above features and comments relating to the fluid diverter tool and the
system are therefore applicable to the present method. It is also to be understood that said
treatment fluid generally refers to a liquid or a liquefied material or substance suitable for
performing a treatment operation in the well.

[0068] Advantageously, the present method may comprise connecting said first end of the
mandrel to a lower end of a tubular work string for operating the diverter tool and the treatment
tool in the innermost pipe body, and for supplying the treatment fluid thereto. Preferably, step
(D) involves pumping the treatment fluid down from the surface of the well.

[0069] The method may further comprise moving the diverter tool and the treatment tool along
the longitudinal section whilst displacing the treatment fluid in step (D). The direction of
movement within the innermost pipe body may depend on the type of treatment operation
carried out and may also involve repeating the movement along all or part(s) of the longitudinal
section during a treatment operation. As such, the treatment operation may be initiated by
moving the diverter tool and treatment tool downwards and then upwards or, alternatively,
upwards and then downwards, one or more times (passes) during the treatment operation.

[0070] The method may further comprise rotating the treatment tool whilst displacing the
treatment fluid in step (D). This may further facilitate displacement of the treatment fluid within
the innermost pipe body and into, and within, the at least one annulus so as to improve the
overall treatment result. Such rotation may also prevent certain types of treatment fluid (e.g.
cement slurry) and/or dislodged particles/residues (e.g. contaminants in the at least one
annulus) from sticking or bonding to associated well equipment/parts and thus jeopardizing the
treatment operation.

[0071] Yet further, the displacing of treatment fluid in step (D) may operate to increase the fluid
pressure in the second pipe region sufficiently to generate the first pressure differential and
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thus open the pressure relief device in step (E).

[0072] Additionally, or alternatively, step (D) may comprise displacing the treatment fluid into
the second pipe region at a location wherein at least the innermost annulus includes a flow-
inhibiting blockage zone within the longitudinal section of the well, said blockage zone inhibiting
diversion of the flow of treatment fluid outwards into said annulus via one or more of said holes
in the at least one pipe body; and - wherein the displacing of treatment fluid at the blockage
zone operates to increase the fluid pressure in the second pipe region sufficiently to generate
the first pressure differential and thus open the pressure relief device in step (E).

[0073] As noted above, the flow-inhibiting blockage zone(s) in the at least one annulus may
comprise very hard, sticky and/or wear-resistant material, which may be sufficiently resistant to
remain in the one or more annuli even after attempting first to clean away the material from
said annulus (see further comments above).

[0074] Advantageously, the method may comprise setting the first pressure differential lower
than a fluid pressure required in the second pipe region to break down the packer element
(see further comments above).

[0075] Additionally, or alternatively, the method may comprise setting the first pressure
differential lower than a fluid pressure required in the second pipe region to break down (the
rocks of) the surrounding borehole wall of the well (see further comments above).

[0076] In the method, the treatment tool may comprise a jetting tool adapted and operable to
discharge jets of treatment fluid from the jetting tool; and

+ wherein step (D) comprises directing said jets of treatment fluid outwards into the at
least one annulus via one or more of said holes in the at least one pipe body (see further
comments above).

[0077] Optionally, the jetting tool may include a check valve adapted and operable to open at a
predetermined fluid pressure; and

e wherein step (D) comprises allowing the check valve to open upon exposure to the
predetermined fluid pressure so as to discharge said jets of treatment fluid from the
jetting tool (see further comments above).

[0078] Additionally, or alternatively, the treatment tool may comprise an open-ended pipe
section; and

» wherein step (D) comprises discharging the treatment fluid directly into the second pipe
region of the innermost pipe body via the open-ended pipe section (see further
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comments above).

[0079] Yet further in the method, the treatment fluid may be a fluid selected from a group
comprising:

= a washing fluid for cleaning in the at least one annulus;

+ a spacer fluid for conditioning surfaces defining the at least one annulus; and

» a fluidized plugging material for forming a plug in the at least one annulus and the at
least one pipe body along at least the longitudinal section of the well (see further
comments above).

[0080] Thus, it is to be understood that the present method also may be used to wash and
clean away annular contaminants in context of a cut-and-pull operation, as discussed above.

[0081] More specifically, the present method may comprise using the method in an operation
for cleaning in the at least one annulus along the longitudinal section;

= wherein the treatment fluid is a washing fluid;

+ wherein the treatment tool comprises a jetting tool adapted and operable to discharge
jets of washing fluid from the jetting tool; and

« wherein step (D) comprises directing said jets of washing fluid outwards into the at least
one annulus via one or more of said holes in the at least one pipe body so as to facilitate
cleaning in the at least one annulus (see further comments above).

[0082] In this context, the present method may also comprise using the present method in a
subsequent operation for conditioning surfaces defining the at least one annulus along the
longitudinal section;

» wherein the treatment fluid is a spacer fluid;

« wherein the treatment tool comprises a jetting tool adapted and operable to discharge
jets of spacer fluid from the jetting tool; and

» wherein step (D) comprises directing said jets of spacer fluid outwards into the at least
one annulus via one or more of said holes in the at least one pipe body so as to facilitate
conditioning of said surfaces of the at least one annulus (see further comments above).

[0083] Additionally, or alternatively, the present method may comprise using the method in an
operation for forming a plug in the at least one annulus and the at least one pipe body along at
least the longitudinal section of the well;
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e wherein the treatment fluid is a fluidized plugging material;

« wherein the treatment tool comprises a jetting tool adapted and operable to discharge
jets of fluidized plugging material from the jetting tool; and

» wherein step (D) comprises directing said jets of fluidized plugging material outwards
into the at least one annulus via one or more of said holes in the at least one pipe body
so as to facilitate said plugging of the well (see further comments above).

[0084] It is to be understood that this plugging operation may be a singular operation or,
alternatively, an integral part of a sequence of treatment operations in the well. Such a
sequence may involve an initial cleaning operation, an optional and intermittent conditioning
operation, and a final plugging operation, as discussed above, thereby defining yet another
variant of said Perf-Wash-Cement (PWC) method.

[0085] In context of this latter plugging operation, the jetting tool may include a check valve
adapted and operable to open at a predetermined fluid pressure; and - wherein step (D)
comprises allowing the check valve to open upon exposure to the predetermined fluid pressure
so as to discharge said jets of fluidized plugging material from the jetting tool.

[0086] As noted above, the check valve may prove instrumental in preventing so-called U-
tubing when displacing, for example, a high-density cement slurry into the well. The prevention
of U-tubing serves to avoid or reduce mixing of said cement slurry with ambient well fluids (e.g.
drilling mud) so as to contaminate the cement slurry, which potentially may result in an inferior
cement plug in the well. The check valve may thus be adapted to open at a predetermined
pump pressure and then to close when the pumping (and associated pump pressure) ceases.

[0087] Alternatively to the preceding plugging with a jetting tool, the present method may
comprise using the method in an operation for forming a plug in the at least one annulus and
the at least one pipe body along at least the longitudinal section of the well;

= wherein the treatment fluid is a fluidized plugging material;

« wherein the treatment tool comprises an open-ended pipe section (e.g. a "stinger”, such
as a cement stinger); and

« wherein step (D) comprises discharging the fluidized plugging material directly into the
second pipe region of the innermost pipe body via the open-ended pipe section, and
allowing the packer element to divert the fluidized plugging material into the at least on
annulus via one or more of said holes in the at least one pipe body so as to facilitate said
plugging of the well (see further comments above).

[0088] When using said open-ended pipe section, it is also to be understood that this particular
plugging operation may be a singular operation or, alternatively, an integral part of a sequence
of treatment operations in the well so as to potentially define yet another variant of the Perf-
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Wash-Cement (PWC) method, as discussed above.

[0089] These various aspects, embodiments and variants disclosed above show that the
present invention provides a technology capable of optimizing the diversion and displacement
of a fluid flow in a controlled and safe manner during one or more (singular or consecutive)
treatment operations in a well. The efficient containment and displacement of treatment fluid
afforded by the present invention therefore serve to meet the objects of the invention.

Brief description of the drawings

[0090] An exemplary embodiment of the invention is described and depicted in the
accompanying drawings, where:

Figures 1-8
show a side view of a well to be plugged using a fluid diverter tool, system and method
according to the present invention;

Figures 9-17
show a side view, mostly in cross section, of various features and configurations of the
fluid diverter tool as used in successive steps of forming a cross-sectional cement plug in
the well.

[0091] Figures 1-8 show schematic representations of steps and features of the present
system and a method, whereas Figures 9-17 show further details, tools and equipment
associated with the present fluid diverter tool. Figures 1-17 and their associated descriptions
below are useful for the understanding of the invention.

Detailed description of an embodiment of the invention

[0092] Figure 1 shows an embodiment of a system and method according to the invention for
diverting a fluid flow in a well 2. The system comprises a pipe body 4 (e.g. a casing or similar)
disposed in the well 2, and an annulus 6 located between the pipe body 4 and a surrounding
borehole wall 8 defined by formation rocks 9. A plurality of perforations 10 are formed through
a wall of the pipe body 4 and are dispersed along a longitudinal section L of the well 2 so as to
allow communication between the pipe body 4 and the surrounding annulus 6. In this
embodiment, the perforations 10 are of relatively small hole size and have been formed using
a conventional perforation gun. The annulus 6 contains contaminants 12 to be removed
therefrom and an intermediate and flow-inhibiting blockage zone 14 comprising very hard and
wear-resistant cement located within the longitudinal section L.

[0093] The system also comprises a fluid diverter tool 16 according to the invention shown
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positioned at an upper part of the longitudinal section L, and within an ambient fluid 18 in the
pipe body 4, before being activated for operation therein. An upper end of the diverter tool 16
is connected to a lower end of a tubular work string 20 disposed in the pipe body 4 and
extending to the surface of the well 2 for operating the diverter tool 16 and for pumping down a
suitable treatment fluid thereto. A lower end of the diverter tool 16 is operably connected to a
first jetting tool 22 for carrying out a cleaning operation in the annulus 6 along the longitudinal
section L. The first jetting tool 22 is provided with a plurality of outwardly directed nozzles 24
for discharging jets of a washing fluid 26 when pumped down thereto via the diverter tool 16
and said tubular work string 20. A releasable plug base 28, in the form of a set of adjoining
swab cups, is also releasably connected to, and below, the first jetting tool 22.

[0094] Further, the diverter tool 16 comprises a packer element 30, in the form of a single
swab cup, in sealing engagement with an inside of the pipe body 4 so as to allow, if possible, a
flow of said washing fluid 26 to be diverted outwards into the annulus 6 via one or more of said
perforations 10 in the pipe body 4. The swab cup 30 defines a first pipe region 32 located
above a first (convex) side 34 of the swab cup 30 and a second pipe region 36 located below a
second (concave) side 38 thereof. The swab cup 30 also includes a pressure relief device 40
in an activated state and operable to open and relieve pressure (and fluid flow) from the
second pipe region 36 to the first pipe region 32 upon exposure to a fluid pressure in the
second pipe region 36 being sufficient to generate a given first pressure differential acting
across the pressure relief device 40.

[0095] Figure 2 shows the first jetting tool 22 in operation after initially having disconnected
said releasable plug base 28 from the first jetting tool 22 and positioned it below the lowermost
perforations 10 along the longitudinal section L. In this released position, the plug base 28
forms a platform below said longitudinal section L for supporting a plugging material (e.g.
cement slurry) to be introduced in the well 2 at a later stage, as discussed below. Figure 2 also
shows the first jetting tool 22 after subsequently being lifted up and positioned at perforations
10 along an upper part of the longitudinal section L, and whilst discharging jets of washing fluid
26 outwards into the annulus 6 via perforations 10 in the pipe body 4. The jetting action
dislodges and removes contaminants 12 located in an upper part of the annulus 6. During this
cleaning operation, the diverter tool 16 diverts washing fluid 26 (and potential contaminants 12)
outwards into the annulus 6 via one or more perforations 10 in vicinity of the swab cup 30. Due
to the efficient fluid diversion afforded by the diverter tool 16, it is possible to obtain efficient
fluid flow and displacement through said relatively small sized perforations 10, which facilitates
use of a conventional (and cheaper) perforation gun for making said perforations 10 in the pipe
body 4.

[0096] During the cleaning operation, the tubular work string 20 and the first jetting tool 22 are
rotated and moved slowly downwards whilst pumping washing fluid 26 down and out through
the first jetting tool 22 (as described above) so as to progressively wash and clean the annulus
6 along the entire longitudinal section L. Rotation is indicated with a curved arrow on the
tubular work string 20. As the first jetting tool 22 and the diverter tool 16 move downwards
during operation, dislodged contaminants 12 and washing fluid 26 are forced outwards and
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upwards via the annulus 6 and past the swab cup 30. This contaminant-laden fluid flow then
re-enters the pipe body 4 via perforations 10 above the swab cup 30 and flows onwards to the
surface of the well 2. The flow direction of washing fluid 26 (and dislodged contaminants 12) is
shown with downstream-directed arrows in Figure 2.

[0097] Figure 3 shows the swab cup 30 of the diverter tool 16 positioned at said flow-inhibiting
blockage zone 14 in the annulus 6. The blockage zone 14 inhibits diversion of the flow of
washing fluid 26 outwards into the annulus 6 via one or more of said perforations 10 in vicinity
of the swab cup 30. The lack of flow diversion at the blockage zone 14 operates to increase
the fluid pressure in the second pipe region 36 (below the swab cup 30) sufficiently to generate
said first pressure differential across said pressure relief device 40. This opens the pressure
relief device 40 and relieves pressure (and fluid flow) from the second pipe region 36 to the
first pipe region 32 of the pipe body 4. The relief direction through the relief device 40 is shown
with downstream-directed arrows in Figure 3.

[0098] Figure 4 shows the first jetting tool 22 and the diverter tool 16 positioned at the
lowermost perforations 10 along said longitudinal section L, and after having completed the
downward cleaning operation in the annulus 6. If desirable, the first jetting tool 22 and the
diverter tool 16 may then be moved upwards to carry out an upwards washing pass along the
longitudinal section L. The first jetting tool 22 and the diverter tool 16 may also be moved
downwards and then upwards or, alternatively, upwards and then downward, one or more
times (passes) during a cleaning operation. Upon engaging said flow-inhibiting blockage zone
14 for each such washing pass and thus increasing the fluid pressure in the second pipe
region 36, the pressure relief device 40 will operate to relieve this pressure (and a
corresponding fluid flow) when said first pressure differential is reached, as described above.

[0099] Although not shown herein, the first jetting tool 22 and diverter tool 16 may optionally be
used in a subsequent operation for conditioning surfaces defining the annulus 6 along the
longitudinal section L. As such, the first jetting tool 22 may be positioned at the lowermost
perforations 10 along the longitudinal section L. A so-called spacer fluid is then pumped down
and out through the first jetting tool 22 so as to discharge into the pipe body 4 as jets of spacer
fluid directed further outwards into the annulus 6 via one or more perforations 10 at a lower
part of the longitudinal section L. During the conditioning operation, the tubular work string 20
and the first jetting tool 22 are rotated and moved upwards whilst pumping spacer fluid down
and out through the first jetting tool 22 (as described above) so as to progressively condition
the surfaces of the annulus 6 along the entire longitudinal section L. Upon engaging said flow-
inhibiting blockage zone 14 and thus increasing the fluid pressure in the second pipe region
36, the pressure relief device 40 will again operate to relieve the increased fluid pressure, as
described above. Similar to that of the cleaning operation, various directions of tool movement
may be employed in the conditioning operation, as desirable.

[0100] Figure 5 shows the fluid diverter tool 16 having its lower end operably connected to a
second jetting tool 42 for carrying out a separate and subsequent plugging operation in the
annulus 6, and along the longitudinal section L. Similar to the first jetting tool 22, the second
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jetting tool 42 is provided with several outwardly directed nozzles 44 for discharging jets of a
fluidized plugging material 46, in the form of cement slurry, via the diverter tool 16 and said
tubular work string 20 when pumped thereto. The second jetting tool 42 also includes a check
valve arrangement, both of which are discussed in further detail below. The purpose of the
plugging operation is to pump and jet cement slurry 46 into both the pipe body 4 and the
previously cleaned (and conditioned) annulus 6 along at least the longitudinal section L so as
to form a cross-sectional cement plug 46' in the well 2 (see Figure 7). Considering a generally
higher fluid density of the cement slurry 46 and a generally higher fluid pressure used during
the plugging operation, the diverter tool 16 used in the plugging operation may be scaled and
modified somewhat relative to that of the diverter tool used in the preceding cleaning (and
optional conditioning) operation. The general principles of the present diverter tool 16 and its
embodiments, as disclosed herein, nevertheless apply for all of these operations.

[0101] Figure 5 also shows the second jetting tool 42 and the diverter tool 16 positioned at the
lowermost perforations 10 along said longitudinal section L, and after having initiated the
plugging operation. The second jetting tool 42 is discharging jets of cement slurry 46 into the
pipe body 4 and further outwards into the annulus 6 via one or more of said perforations 10 in
the pipe body 4. The jetting action ensures better access and displacement of cement slurry 46
into various places and voids in the annulus 6. Simultaneously, the swab cup 30 of the diverter
tool 16 facilitates the displacement of cement slurry 46 by re-directing and forcing the cement
slurry 46 outwards into the annulus 6 via one or more of said perforations 10 during the
plugging operation. The swab cup 30 also prevents cement slurry 46 from rising upwards
within the pipe body 4 and mixing with said ambient fluid 18 therein (and possible other
ambient well fluids) so as to contaminate the cement slurry 46. This ensures minimal mixing of
cement slurry 46 with ambient fluids in the well 2 during the plugging operation. The fluid
diversion afforded by the swab cup 30 also limits the volume of cement slurry 46 used during
the plugging operation so as to save on cement costs. These advantageous effects (minimal
mixing, limited fluid volume, reduced fluid costs) contribute to optimize the overall plugging
operation. These advantageous effects also apply to any preceding conditioning operation
and/or cleaning operation, as described above, and are thus in line with the objects of the
invention.

[0102] Further, the tubular work string 20 and the second jetting tool 42 are rotated and
moved slowly upwards during the plugging operation whilst pumping cement slurry 46 down
and out through the second jetting tool 42 (as described above) so as to progressively fill both
the pipe body 4 and the annulus 6 along the entire longitudinal section L. Rotation is indicated
with a curved arrow on the tubular work string 20. The pump rate and movement speed
upwards are generally attuned relative to one another so as to ensure that the fill rate of
cement slurry 46 follows the movement of the swab cup 30 during the plugging operation.
Should the fill rate of cement slurry 46 exceed said movement speed so as to place a column
of cement slurry 46 on top of the swab cup 30, the column of cement slurry 46 may generate a
sufficiently high (second) pressure differential across the pressure relief device 40 for it to open
and relieve pressure (and flow of cement slurry 46) from the (upper) first pipe region 32 to the
second pipe region 36 below the swab cup 30. This mode of operation and pressure relief is
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also discussed below in context of Figure 17.

[0103] Figure 6 shows the swab cup 30 of the diverter tool 16 positioned at said flow-inhibiting
blockage zone 14 in the annulus 6. Also in this case, the lack of flow diversion at the blockage
zone 14 operates to increase the fluid pressure in the second pipe region 36 (below the swab
cup 30) sufficiently to generate said first pressure differential across said pressure relief device
40. This opens the pressure relief device 40 and relieves pressure (and fluid flow) from the
second pipe region 36 to the first pipe region 32 of the pipe body 4, as discussed above. The
relief direction through the relief device 40 is shown with downstream-directed arrows in Figure
6.

[0104] Figure 7 shows the diverter tool 16 and the second jetting tool 42 positioned at the
uppermost perforations 10 along the longitudinal section L, and after having completed the
plugging operation. Should the plugging operation be completed some distance above the
uppermost perforations 10 (i.e. in any unperforated "blank” pipe section) so as to prevent the
cement slurry 46 from flowing outwards, which is not shown herein, the fluid pressure in the
second pipe region 36 would again increase sufficiently to open said pressure relief device 40
and thus relieve pressure (and fluid flow) from the second pipe region 36 to the first pipe
region 32, as described above.

[0105] Figure 8 shows the well 2 after having removed the diverter tool 16 and the second
jetting tool 42 from the well 2, and after having allowed the cement slurry 46 to harden in the
pipe body 4 and in the surrounding annulus 6 so as to form a cross-sectional cement plug 46'
along the entire longitudinal section L of the well 2.

[0106] From the above, it is evident that this particular embodiment of the invention describes
use of the diverter tool 16 in two separate runs into the well 2. In the first run, the diverter tool
16 is operably connected to the first jetting tool 22 for carrying out said cleaning (and optional
conditioning) operation in the well 2. In the second run, the diverter tool 16 is operably
connected to the second jetting tool 42 for carrying out said plugging operation in the well 2.

[0107] In another embodiment not shown herein, the first and second jetting tools 22, 42 may
be operably connected, one above the other, for carrying out consecutive and corresponding
operations during the same run into the well 2. Various ball-drop (or similar) activation
mechanisms, as known in the art, may be used to activate each respective jetting tool 22, 42
for each consecutive operation in the well 2. The second jetting tool 42 for displacing said
cement slurry 46 may thus be connected directly below the diverter tool 16, whereas the first
jetting tool 22 (or some other suitable washing tool) for displacing said washing fluid 26 may be
connected directly below the second jetting tool 42. When running into the pipe body 4 and
subsequently activating the lowermost second jetting tool 42 (for said cleaning operation), the
pressure relief device 40 of the diverter tool 16 may be kept in an open and inactivate position
using, for example, a releasable holding mechanism arranged above said first side 34 of the
swab cup 30, as discussed below and shown in Figures 9-13. The flow of washing fluid 26 (and
removed contaminants 12) may thus flow via both the annulus 6 (as discussed above) and the
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open pressure relief device 40 during the entire cleaning operation. The subsequent plugging
operation is initiated (during the same run into the well 2) by activating both the uppermost first
jetting tool 22 and the pressure relief device 40, as discussed below and shown in Figure 14.
The plugging operation then proceeds as discussed above and shown in Figures 5-7.

[0108] Figures 9-12 show the fluid diverter tool 16 and the second jetting tool 42 as configured
in a run-in position for introduction in said pipe body 4 in the well 2. Figure 12 shows an
enlarged version of this tool configuration, whereas Figure 11 shows a transverse cross section
through the diverter tool 16 taken along section line A-Ain Figure 9.

[0109] Further, Figures 9-17 show specific features, including internal features, of the fluid
diverter tool 16 and the second jetting tool 42 (and said check valve arrangement) connected
thereto for carrying out the plugging operation described above. These figures also show
various positions of components of the diverter tool 16 and the second jetting tool 42, as
applicable to the various functions thereof. Enlarged versions of the various tool configurations
are also depicted in Figures 13-17.

[0110] The diverter tool 16 comprises a tubular mandrel 48 with a longitudinal bore 50
therethrough and having a first (upper) end 52 connected to said tubular work string 20, and a
second (lower) end 54 operably connected to the second jetting tool 42. The swab cup 30 is
rotatably affixed to an exterior surface of the mandrel 48 and is located between the first and
second ends 52, 54 thereof. Further, the swab cup 30 comprises a cup-shaped packer body
56 formed from a resilient material. An upper side of the packer body 56 defines said first
(convex) side 34 of the swab cup 30 and faces the first end 52 of the mandrel 48, whereas a
lower side of the packer body 56 defines said second (concave) side 38 of the swab cup 30
and faces the second end 54 of the mandrel 48. The swab cup 30 also includes a tubular
support body 58 formed (e.g. machined) or assembled (from individual parts) so as to
comprise an outer support ring 58a, an inner support ring 58b and a plurality of support struts
58c extending axially and transversely between the inner and outer support rings 58a, 58b.
The support struts 58c are spaced apart circumferentially so as to allow bypass of fluids when
required. The packer body 56 is mounted onto the outer support ring 58a and is held in place
by an adjoining retainer ring 60. The inner support ring 58b is rotatably mounted onto a low
friction bushing 62 (or a suitable bearing) affixed to the exterior surface of the mandrel 48 at
(i.e. below) the second side 38 of the swab cup 30. The bushing 62 is made from a suitable
low friction material, for example brass or a composite plastics material. This rotary
arrangement supports the swab cup 30 on the mandrel 48 and allows relative rotation of the
mandrel 48 and the second jetting tool 42 with respect to the swab cup 30 when rotating said
work string 20 during operation in the well 2, as indicated with a curved arrow in Figures 5 and
6.

[0111] In this embodiment, said pressure relief device 40 of the diverter tool 16 comprises an
annular relief channel 64 formed between the mandrel 48 and an inside of the outer support
ring 58a of the swab cup 30. The relief channel 64 extends longitudinally between the first and
second sides 34, 38 of the swab cup 30 so as to separate the mandrel 48 from the outer



DK/EP 4118300 T3

support ring 58a and packer body 56 of the swab cup 30. The pressure relief device 40 also
comprises an annular seal body 66 shaped and operable to sealingly engage the annular relief
channel 64 when located at any position within and along the relief channel 64 so as to define
a closed seal position of the annular seal body 66. In this embodiment, the annular seal body
66 seals against said inside of the outer support ring 58a and thus defines an outer extremity
of the annular relief channel 64. The annular seal body 66 is made from a resilient material, for
example rubber or elastomer material, and is capable of flexing and sealing against said inside
of the outer support ring 58a. The annular seal body 66 is affixed to an exterior surface of an
end of a seal sleeve 68, which is slidably and sealingly disposed around the mandrel 48 at (i.e.
above) the first side 34 of the swab cup 30. The slidable seal sleeve 68 allows longitudinal
(axial) movement of the annular seal body 66 between a closed seal position within the annular
relief channel 64 and a first open seal position at (i.e. above) the first side 34 of the swab cup
30. This allows the annular relief channel 64 to be closed and opened, as shown in Figures 14
and 16 and in Figures 9-13, 15 and 17, respectively. The diverter tool 16 also comprises a
biasing device 70 in the form of a coil spring disposed around the mandrel 48 above the first
side 34 of the swab cup 30. The coil spring 70 is in operable contact with the slidable seal
sleeve 68. When activated and operational in the well 2, the coil spring 70 biases the slidable
seal sleeve 68 and thus the annular seal body 66 towards its closed seal position within the
annular relief channel 66, as shown in Figures 14 and 16.

[0112] Said coil spring 70 is also an integral part of a releasable holding mechanism 72
operable to releasably hold the annular seal body 66, and thus the slidable seal sleeve 68 to
which it is affixed, in an open holding position at (i.e. above) the first side 34 of the swab cup
30 before operating the diverter tool 16 in the well 2, as shown in Figures 9-13. This allows
fluids to pass through the annular relief channel 64, as shown with downstream-directed
arrows in Figure 12, and thus facilitates insertion of the diverter tool 16 and said jetting tool 42
in the well 2. The holding mechanism 72 also comprises a recessed section 74 formed in the
exterior surface of the slidable seal sleeve 68 and defined between a first ledge 76 and an
opposite second ledge 78 thereof. A first detent ring 80 and a second detent ring 82 are
slidably disposed on the recessed section 74 so at to be moveable between said first and
second ledges 76, 78 thereof. The coil spring 70 is disposed between the detent rings 80, 82
and may thus be expanded or compressed within the confines of the first and second ledges
78, 80. The holding mechanism 72 also includes a housing 84 comprising a housing proper
84a and an adjoining housing sleeve 84b extending towards the swab cup 30 and around the
mandrel 48. A first internal ledge 86 defined between the housing proper 84a and the housing
sleeve 84b serves to limit the longitudinal movement of the slidable seal sleeve 68, and thus of
the annular seal body 66, towards its first open seal position, as shown in Figure 15. A second
internal ledge 84c of the housing sleeve 84b serves to limit longitudinal movement of the first
detent ring 80, and thus of the coil spring 70, away from the swab cup 30, as shown in Figures
9, 12 and 13. Afinger sleeve 88 is also affixed to an exterior surface of the housing sleeve 84b
and extends further towards the swab cup 30 so as to enclose the first and second detent rings
80, 82 and their intermediate coil spring 70. A free end of the finger sleeve 88 is provided with
a plurality of inwardly protruding fingers 90 serving to limit longitudinal movement of said
second detent ring 82, and thus of the coil spring 70, towards the swab cup 30, as shown in
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Figures 9, 12 and 13. When releasably held in said open holding position, the sliding seal
sleeve 68 abuts the internal ledge 86 of the housing 84 whilst the first detent ring 80
simultaneously abuts the first ledge 76 of the recessed section 74 and holds the coil spring 70
in a compressed state between the first and second detent rings 80, 82, as shown in Figures 9,
12 and 13. Said housing proper 84a is also connected to the first end 52 of the mandrel 48 and
is adapted for connection to the lower end of said tubular work string 20.

[0113] Further, the releasable holding mechanism 72 includes a plurality of radial holes 92
formed in the mandrel 48 and spaced apart along its circumference. Each hole 92 is provided
with a retaining ball 94 having an outer part extending into a circumferential retaining groove
96 formed in an interior surface of the sliding seal sleeve 68. The retaining groove 96 defines
an outer radial position for the retaining balls 94. In this outer position, the retaining balls 94
serve to releasably hold the sliding seal sleeve 68 and its annular seal body 66 in said open
holding position. An activation sleeve 98 is positioned within the longitudinal bore 50 of the
mandrel 48 and is slidably disposed therein between a first activation position and a second
activation position. When in the first activation position, a proximate end 100 of the activation
sleeve 98 covers said holes 92 in the mandrel 48 so as to hold the retaining balls 94 in said
outer radial position, as shown in Figures 9 and 12. When in second activation position, the
proximate end 100 of the activation sleeve 98 does not cover said holes 92 and thus allows the
retaining balls 94 to move to an inner radial position within the mandrel 48 so as to release the
holding mechanism 72.

[0114] In order to facilitate movement from the first to the second activation position, the
activation sleeve 98 includes an internal ball seat 102 and a plurality of radial discharge ports
104 formed at an opposite distal end 106 thereof. The radial discharge ports 104 are
distributed along the circumference of said distal end 106. The ball seat 102 is adapted to
receive an activation ball 108 dropped down from the surface of the well 2 via said tubular work
string 20, as shown in Figure 13. Upon subsequently pumping cement slurry 46 down the
tubular work string 20 and thus pressurizing the activation ball 108 and its ball seat 102, the
activation sleeve 98 is moved downwards to said second activation position, as shown in
Figure 14. This movement of the activation sleeve 98 to its second activation position uncovers
said radial holes 92 in the mandrel 48 and allows the retaining balls 94 to drop into the mandrel
48 and down onto the activation ball 108, which simultaneously releases the slidable seal
sleeve 68 disposed on the mandrel 48. The release of the slidable seal sleeve 68 allows the
compressed coil spring 70 to rapidly expand and move the slidable seal sleeve 68 and its
annular seal body 66 from said open holding position to said closed and biased seal position
within the annular relief channel 64, thereby also defining an operational position of the fluid
diverter tool 16.

[0115] Movement of the activation sleeve 98 to its second activation position also operates to
activate the second jetting tool 42, which is connected to the second (lower) end 54 of the
mandrel 48. The second jetting tool 42 is provided with a plurality of outwardly directed nozzles
110 dispersed along a circumference thereof and embedded as nozzle inserts in a wall of the
jetting tool 42. The nozzles 110 are connected to corresponding discharge conduits 112
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formed through the wall of the jetting tool 42. In this embodiment, the second jetting tool 42
also includes a check valve 114 comprising a coil spring 116 disposed within a housing bore
118 of the jetting tool 42 and around a carrier sleeve 120 slidable arranged within the jetting
tool 42, as shown in Figure 9. The carrier sleeve 120 is connected to the distal end 106 of said
activation sleeve 98 (within the mandrel 4) so as to allow the coil spring 116 to bias the
activation sleeve 98 in its first activation position and thus cover said radial holes 92 in the
mandrel 48, as shown in Figures 9-13. In this first activation position, said radial discharge
ports 104 in the activation sleeve 98 do not register with the discharge conduits 112 in the
jetting tool 42, thereby closing the check valve 114 and preventing jetting of the cement slurry
46 from the nozzles 110 in the jetting tool 42. Upon increasing the cement slurry pressure
(above the seated activation ball 108) to a predetermined level, the activation sleeve 98 is
moved downward to its second activation position, as shown in Figure 14, so as to open the
check valve 114 and compress the coil spring 116 within said housing bore 118 of the jetting
tool 42. In this second activation position, the discharge ports 104 in the activation sleeve 98
do register with the discharge conduits 112 in the jetting tool 42 so as to allow cement slurry 46
to be jetted from the nozzles 110 of the jetting tool 42, thereby also defining an operational
position of the second jetting tool 42.

[0116] Figure 14 shows the fluid diverter tool 16 and the second jetting tool 42 in their
respective operational positions for carrying out the plugging operation shown in Figures 5-6,
and after having released the holding mechanism 72 of the diverter tool 16, as described
above. In this operational position, the annular seal body 66 is located in its closed seal
position within the annular relief channel 64. The coil spring 70 (in the holding mechanism 72)
has also been released and expanded so as to bias the slidable seal sleeve 68 and its annular
seal body 66 towards said closed seal position within the annular relief channel 66. When in
this expanded position, the protruding fingers 90 of said finger sleeve 88 serve to limit
longitudinal movement of the coil spring 70, and thus of the slidable seal sleeve 68, towards
the swab cup 30, which also limits the extent of longitudinal movement of the annular seal body
66 within the annular relief channel 64. Simultaneously, the check valve 114 is open so as to
allow operation of the second jetting tool 42.

[0117] Figure 15 shows the swab cup 30 and its pressure relief device 40 as configured in a
pressure relief position when exposed, during operation, to said first pressure differential
across the pressure relief device 40. The check valve 114 is still open to allow operation of the
jetting tool 42. In this embodiment, this relief configuration pertains to the situation shown in
Figure 6, in which the diverter tool 16 is positioned at said flow-inhibiting blockage zone 14 so
as to inhibit diversion of cement slurry 46 into said annulus 6. As described above, this flow
blockage increases the pressure in the second pipe region 36 sufficiently to generate said first
pressure differential across the pressure relief device 40, which in turn is operable to open the
pressure relief device 40 and relieve pressure (and fluid flow) from the second pipe region 36
to the first pipe region 32 of the pipe body 4. This pressure differential also serves to force the
annular seal body 66 and its slidable seal sleeve 68 away from the swab cup 30 and into a first
open seal position at (i.e. above) said first side 34 of the swab cup 30, as shown in Figure 15.
In this embodiment, this first open seal position coincides with said open holding position
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associated with the releasable holding mechanism 72. The direction of pressure relief is shown
with downstream-directed arrows in Figure 15.

[0118] Figure 16 shows the swab cup 30 and its pressure relief device 40 as configured in a
neutral (inoperative) position after having stopped pumping of cement slurry 46, or after having
completed the plugging operation, and thus having lowered the pressure in the cement slurry
46 to below said predetermined level. In such an event, the inherent energy of the compressed
coil spring 116 of the check valve 114 overcomes the fluid pressure and forces the activation
sleeve 98 back upwards to its first activation position so as to close the check valve 114. By so
doing, the check valve 114 prevents so-called U-tubing when a high-density cement slurry 46 is
pumped into the well 2, which serves to avoid or reduce any mixing of the cement slurry 46
with ambient fluids in the well 2 so as to contaminate the cement slurry 46. Such a stop in the
pumping of cement slurry 46 may occur when "making a connection" to add or remove a
tubular element (i.e. a "pipe joint") in the tubular work string 20 (e.g. jointed drill string) in
context of inserting or withdrawing the work string 20 from the well 2. In this neutral position,
however, the annular seal body 66 is still in its closed seal position within the annular relief
channel 64 of the swab cup 30.

[0119] Figure 17 shows the swab cup 30 and its pressure relief device 40 as configured in a
withdrawal position after having completed the plugging operation (or as configured with a
column of cement slurry 46 on top of the swab cup 30 during the plugging operation described
above in context of Figure 5). When withdrawing the diverter tool 16 and second jetting tool 42
from the well 2, the ambient fluid 18 in the pipe body 4 generates a second pressure
differential acting on the annular seal body 66 from the first (upper) side 34 of the swab cup
30. The second pressure differential is operable to move the annular seal body 66
longitudinally from its closed seal position within the annular relief channel 64 to a second open
position at (i.e. below) the opposite second side 38 of the swab cup 30, which allows the
annular relief channel 64 to be opened in the opposite direction. Movement of the annular seal
body 66 to this second open position is possible because the bias afforded by said coil spring
70 (of the diverter tool 16), which is connected to the slidable seal sleeve 68 at (i.e. above) the
first side of the swab cup 30, also is adapted to yield in the opposite direction upon exposure to
said second pressure differential. During this opposite movement, the slidable seal sleeve 68 is
moved away from its abutment with the internal ledge 86 of said housing 84 whilst
simultaneously compressing the coils spring 70 within the confines of the first and second
ledges 78, 80. As shown in Figure 17, the longitudinal movement of the slidable seal sleeve 68,
and thus of the annular seal body 66, towards said second open position is limited by the
protruding fingers 90 of the finger sleeve 88 on said housing sleeve 84b. Preferably, said
second pressure differential acting from the first side 34 of the swab cup 30 is lower than said
first pressure differential acting from the second side 38 of the swab cup 30, which facilitates
easy upward movement or withdrawal of the diverter tool 16 from the pipe body 4.

[0120] It is to be understood that the functions and modes of configuration and operation, as
disclosed in the above embodiment and figures of the present fluid diverter tool, system and
method, also may be used with any other embodiments disclosed herein, and in any
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combination thereof, as defined within the scope of the subsequent claims.
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Patentkrav

1. Fluidomledningsveerktgj (16) til anvendelse i et rgrlegeme (4) i en brgnd (2),

hvilket omledningsvaerktgj (16) omfatter:
- en rgrformet dorn (48) med en langsgdende boring (50) derigennem og
med en fgrste ende (52) og en modsat anden ende (54), idet naevnte
fagrste ende (52) kan betjenes til at tillade modtagelse af et
behandlingsfluid (26, 46) og naevnte anden ende (54) kan betjenes til at
tillade udledning af behandlingsfluidet (26, 46);
- et pakningselement (30) fastgjort til en ydre overflade af den rgrformede
dorn (48) og placeret mellem den fgrste og anden ende (52, 54) af dornen
(48), idet pakningselementet (30) har en fgrste side (34) vendende mod
den fgrste ende (52) af dornen (48) og en modsat anden side (38)
vendende mod den anden ende (54) af dornen (48), idet naevnte
pakningselementet (30) er formet og kan betjenes til taetnende at g3 i
indgreb med en inderside af naevnte rgrlegeme (4) for at tillade et flow af
behandlingsfluidet (26, 46) at blive omledt udad, kendetegnet ved, at
pakningselementet (30) omfatter en trykaflastningsindretning (40), der er
indrettet og kan betjenes, nar den er aben, til at aflaste trykket fra den
anden side (38) til den fgrste side (34) af pakningselementet (30);
- hvor trykaflastningsindretningen (40) er indrettet til at 8bne ved
udseettelse for en fgrste trykforskel, der virker hen over
trykaflastningsindretningen (40) fra den anden side (38) af
pakningselementet (30); og
- hvor trykaflastningsindretningen (40) er indrettet til at lukke ved
udseettelse for en trykforskel, der er lavere end den fgrste trykforskel, der
virker hen over trykaflastningsindretningen (40) fra den anden side (38) af
pakningselementet (30).

2. Fluidomledningsveerktgjet ifalge krav 1, hvor trykaflastningsindretningen (40)
omfatter mindst en trykaflastningsventil anbragt i mindst en tilsvarende
aflastningskanal (64), der straekker sig gennem pakningselementet (30) mellem
den fgrste og anden side (34, 38) deraf.
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3. Fluidomledningsveerktgjet (16) ifglge krav 1, hvor trykaflastningsindretningen
(40) omfatter:
- mindst en aflastningskanal (64), der straekker sig gennem
pakningselementet (30) mellem den fgrste og anden side (34, 38) deraf;
0g
- mindst et teetningslegeme (66), der er formet og kan betjenes til
teetnende at ga i indgreb med og lukke naevnte aflastningskanal (64), nar
den er i en lukket taetningsposition, naevnte teetningslegeme (66) kan ogsa
betjenes til at bevaege sig mellem den lukkede taetningsposition og en
fgrste 8ben taetningsposition ved den fgrste side (34) af pakningselementet
(30), saledes at naevnte aflastningskanal (64) kan lukkes og abnes;
- hvor teetningslegemet (66) er forspaendt mod den lukkede
teetningsposition; og
- hvor naevnte forspanding af teetningslegemet (66) er indrettet til at give
efter ved udsaettelse for naevnte fgrste trykforskel for at tillade
taetningslegemet (66) at bevaege sig mod den fgrste abne taetningsposition
ved den fgrste side (34) af pakningselementet (30) og aflaste trykket fra
den anden side (38) til den fgrste side (34) af pakningselementet (30).

4. Fluidomledningsveerktgjet (16) ifolge krav 3, hvor naevnte aflastningskanal
omfatter en ringformet aflastningskanal (64), som er placeret mellem dornen (48)
og pakningselementet (30) og straekker sig i laengderetningen inden i
pakningselementet (30), sdledes at den adskiller dornen (48) fra
pakningselementet (30);
- hvor stetteelementer (58c¢) straekker sig mellem pakningselementet (30)
og dornen (48) for at stgtte pakningselementet (30) pa dornen (48);
- hvor naevnte taetningslegeme omfatter et ringformet taetningslegeme (66)
glideligt anbragt p3 dornen (48) for at tillade langsgdende bevaegelse af det
ringformede taetningslegeme (66) mellem den lukkede taetningsposition og
den farste 3bne taetningsposition ved den fgrste side (34) af
pakningselementet (30); og
- hvor det ringformede teetningslegeme (66) er formet og kan betjenes il
teetnende at g3 i indgreb med den ringformede aflastningskanal (64), nar
den er placeret deri, for at definere den lukkede taetningsposition af det
ringformede taetningslegeme (66).
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5. Fluidomledningsveerktgjet (16) ifglge krav 4, hvor det ringformede
teetningslegeme (66) er fastgjort til en teetningsbgsning (68) glideligt anbragt pa
dornen (48) for at tillade naevnte langsgaende bevaegelse af det ringformede
teetningslegeme (66) mellem den lukkede tsetningsposition og den fgrste abne
teetningsposition ved den fgrste side (34) af pakningselementet (30); og
- hvor teetningsbgsningen (68) er forspaendt mod den lukkede
taetningsposition, for derved ogsa at forspaende det ringformede
teetningslegeme (66) mod den lukkede taetningsposition.

6. Fluidomledningsveerktgjet (16) ifglge krav 3, 4 eller 5, omfattende en udlgselig
holdemekanisme (72), der kan betjenes til udlgseligt at holde naevnte
taetningslegeme (66) i en aben holdeposition ved den farste side (34) af
pakningselementet (30) fagr betjening af omledningsveerktgjet (16) i neevnte
rgriegeme (4).

7. Fluidomledningsveerktgjet (16) ifglge et hvilket som helst af kravene 1-6, hvor
pakningselementet (30) omfatter en af:
- en radialt forlgbende krave, der er indrettet og kan betjenes til teetnende
at ga i indgreb med indersiden af naevnte rgrlegeme (4); og
- en ekspanderbar pakning, der er indrettet og kan betjenes til at udvide
sig radialt for teetnende at g3 i indgreb med indersiden af naevnte
rgrlegeme (4).

8. Fluidomledningsveerktgjet (16) ifglge krav 7, hvor den radialt forlgbende krave
er en kopformet pakning (30); og
- hvor den udvidelige pakning er en aksialt komprimerbar pakning, der er
indrettet og kan betjenes til at udvide sig radialt ved aksial kompression
deraf.

9. Fluidomledningsveerktgjet (16) ifglge et hvilket som helst af kravene 1-8, hvor
pakningselementet (30) er drejeligt forbundet med dornen (48) for at tillade

rotation af dornen (48) i forhold til pakningselementet (30).

10. System til omledning af et fluidflow i en brgnd (2), hvilket system omfatter:
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- mindst et rgrlegeme, der inkluderer et inderste rgrlegeme (4), anbragt i
brenden (2);

- mindst en ring, der inkluderer en inderste ring (6), placeret mellem det
inderste rgrlegeme (4) og en omgivende borehulsvaeg (8) af brgnden (2);
0g

- en flerhed af huller (10) dannet gennem en vaeg af naevnte mindst ene
rérlegeme og spredt langs et langsg3ende afsnit (L) af brénden (2) for at
tillade forbindelse mellem det mindst ene rgrlegeme og den mindst ene
ring, kendetegnet ved, at systemet ogs3 omfatter et
fluidomledningsveaerktgj (16) ifalge et hvilket som helst af kravene 1-9
placeret i det inderste rgrlegeme (4) ved naevnte langsgdende afsnit (L) af
brenden (2);

- hvor naevnte anden ende (54) af dornen (48) af omledningsvaerktgjet
(16) er operativt forbundet med et behandlingsvaerktgj (22, 42), der er
indrettet og kan betjenes til at udlede naevnte behandlingsfluid (26, 46) i
det inderste rgrlegeme (4);

- hvor naevnte pakningselement (30) af omledningsveerktgjet (16) er i
teetnende indgreb med en inderside af det inderste rgrlegeme (4) for om
muligt at tillade et flow af behandlingsfluidet (26, 46) at blive omledt udad i
den mindst ene ring via et eller flere af navnte huller (10) i det mindst ene
rérlegeme langs det langsgaende afsnit (L), idet pakningselementet (30)
definerer et fgrste rgromrade (32) over naevnte fgrste side (34) af
pakningselementet (30) og et andet rgromrade (36) under naevnte anden
side (38) af pakningselementet (30); og

- hvor naevnte trykaflastningsindretning (40) af omledningsvaerktgjet (16)
kan betjenes til at 8bne og aflaste trykket fra det andet raromrade (36) til
det farste rgromrade (32) ved udsaettelse for et fluidtryk i det andet
réromrade (36), som er tilstraekkeligt til at generere naevnte fgrste
trykforskel over trykaflastningsindretningen (40).

11. Systemet ifglge krav 10, omfattende en rgrformet arbejdsstreng (20), der er
anbragt i det inderste rgrlegeme (4) og har en nedre ende forbundet med naevnte
fagrste ende (52) af dornen (48) af omledningsvaerktgjet (16) til at betjene
omledningsveerktgjet (16) og behandlingsveerktgjet (22, 42) i det inderste
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rgriegeme (4) og til at tilfgre behandlingsfluidet (26, 46) dertil.

12. Systemet ifglge krav 10 eller 11, hvor behandlingsveerktgjet omfatter mindst
en af:
- et spragjteveerktaj (22, 42), der er indrettet og kan betjenes til at udlede
straler af behandlingsfluid (26, 46), der er rettet udad i den mindst ene
ring via naevnte ene eller flere huller i det mindst ene rgrlegeme; og
- en rgrsektion med 3ben ende, der er indrettet og kan betjenes til at
udlede behandlingsfluidet (26, 46) direkte ind i det inderste rgrlegeme (4).

13. Systemet ifglge krav 12, hvor sprgjteveerktgjet (22, 42) inkluderer en
kontraventil (114), der er indrettet og kan betjenes til at 8bne ved udsaettelse for
et forudbestemt fluidtryk og udlede naevnte strler af behandlingsfluid (26, 46).

14. Fremgangsmade til omledning af et fluidflow i en brgnd (2), hvilken brgnd (2)
omfatter:
- mindst et rgrlegeme, der inkluderer et inderste rgrlegeme (4);
- mindst en ring, der inkluderer en inderste ring (6), placeret mellem det
inderste rgrlegeme (4) og en omgivende borehulsvaeg (8) af brgnden (2);
- en flerhed af huller (10) dannet gennem en vaeg af naevnte mindst ene
rérlegeme og spredt langs et langsg3ende afsnit (L) af brénden (2) for at
tillade forbindelse mellem det mindst ene rgrlegeme og den mindst ene
ring, kendetegnet ved, at fremgangsmaden omfatter trinnene:
(A) anvendelse et fluidomledningsvaerktgj (16) ifglge et hvilket som
helst af kravene 1-9 og som operativt forbinder naevnte anden ende
(54) af dornen (48) af omledningsvaerktgjet (16) med et
behandlingsvaerktaj (22, 42), som er indrettet og kan betjenes til at
tillade udledning af naevnte behandlingsfluid (26, 46);
(B) positionering af omledningsvaerktgjet (16) og
behandlingsvaerktagjet (22, 42) i det inderste rgrlegeme (4) ved
naevnte langsgdende afsnit (L) af brgnden (2);
(C) danne teetnende indgreb af naevnte pakningselement (30) af
omledningsveerktgjet (16) med en inderside af det inderste
r@rlegeme (4) for at definere et fgrste rgromrade (32) over naevnte
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fgrste side (34) af pakningselementet (30) og et andet rgromrade
(36) under naevnte anden side (38) af pakningselementet (30);

(D) forskydning af behandlingsfluidet (26, 46) gennem
omledningsveaerktgjet (16) og behandlingsveerktgjet (22, 42) for at
udledes i det andet rgromrade (36) af det inderste rgrlegeme (4) og,
hvis det er muligt at tillade naevnte pakningselement (30) af
omledningsveerktgjet (16) at omlede et flow af behandlingsfluidet
(26, 46) udad i den mindst ene ring via et eller flere af naevnte
huller (10) i det mindst ene rgriegeme langs det langsgdende afsnit
(L); og

(E) at tillade naevnte trykaflastningsindretning (40) af
omledningsvaerktgjet (16) at 3bne og aflaste tryk fra det andet
réromrade (36) til det farste rgromrade (32) af det inderste
rérlegeme (4) ved udsaettelse for et fluidtryk i det andet rgromrade
(36), som er tilstreekkeligt til at generere naevnte fogrste trykforskel
hen over trykaflastningsindretningen (40).

15. Fremgangsméaden ifglge krav 14, omfattende at forbinde naevnte fgrste ende
(52) af dornen (48) til en nedre ende af en rgrformet arbejdsstreng (20) til
betjening af omledningsveaerktgjet (16) og behandlingsveerktgjet (22, 42) i det
inderste rgrlegeme (4) og til at tilfgre behandlingsfluidet (26, 46) dertil.

16. Fremgangsmaden ifglge krav 14 eller 15, yderligere omfattende at beveaege
omledningsveerktgjet (16) og behandlingsvaerktgjet (22, 42) langs det
langsgaende afsnit (L), mens behandlingsfluidet (26, 46) forskydes i trin (D).

17. Fremgangsmaden ifglge krav 14, 15 eller 16, yderligere omfattende at rotere
behandlingsvaerktgjet (22, 42), mens behandlingsfluidet (26, 46) forskydes i trin
(D).

18. Fremgangsmaden ifglge et hvilket som helst af kravene 14-17, hvor
forskydningen af behandlingsfluid (26, 46) i trin (D) virker til at gge fluidtrykket i
det andet rgromrade (36) tilstreekkeligt til at generere den fgrste trykforskel og
saledes abne trykaflastningsindretningen (40) i trin (E).
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19. Fremgangsméden ifglge et hvilket som helst af kravene 14-18, hvor trin (D)
omfatter forskydning af behandlingsfluidet (26, 46) ind i det andet rgromrade (36)
pd et sted, hvor i det mindste den inderste ring (6) inkluderer en flow-
forhindrende blokeringszone (14) inden for det langsgaende afsnit (L) af brgnden
(2), idet naevnte blokeringszone (14) forhindrer omledning af flowet af
behandlingsfluid (26, 46) udad i ringen via et eller flere af naevnte huller (10) i det
mindst ene rgrlegeme; og
- hvor forskydningen af behandlingsfluid (26, 46) ved blokeringszonen (14)
virker til at gge fluidtrykket i det andet rgromrade (36) tilstraekkeligt til at
generere den fgrste trykforskel og sdledes 3bne trykaflastningsindretningen
(40) i trin (E).

20. Fremgangsmaden ifglge et hvilket som helst af kravene 14-19, omfattende at
indstille den farste trykforskel lavere end et fluidtryk, der kraeves i det andet
réromrade (36) for at nedbryde mindst et af pakningselementet (30) og den
omgivende borehulsvaeg (8) af brgnden (2).

21. Fremgangsmaden ifglge et hvilket som helst af kravene 14-20, hvor
behandlingsvaerktgjet omfatter et straleveerktgj (22, 42), der er indrettet og kan
betjenes til at udlede straler af behandlingsfluid (26, 46) fra stralevaerktgjet (22,
42); og
- hvor trin (D) omfatter at rette naevnte straler af behandlingsfluid (26, 46)
udad i den mindst ene ring via et eller flere af naevnte huller (10) i det

mindst ene rgrlegeme.

22. Fremgangsmaden ifglge et hvilket som helst af kravene 14-21, hvor
behandlingsfluidet er et fluid valgt fra en gruppe omfattende:
- et vaskefluid (26) til rensning i den mindst ene ring;
- en afstandsfluid til konditionering af overflader, der definerer den mindst
ene ring; og
- et fluidiseret tilstopningsmateriale (46) til dannelse af en prop (46') i den
mindst ene ring og det mindst ene rgrlegeme (4) langs mindst det
langsgaende afsnit (L) af brenden (2).
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23. Fremgangsmaden ifglge et hvilket som helst af kravene 14-20, omfattende at
anvende fremgangsmaden i en operation til dannelse af en prop (46') i den mindst
ene ring og det mindst ene rgrlegeme langs mindst det langsgaende afsnit (L) af
brenden (2);
- hvor behandlingsfluidet er et fluidiseret tilstopningsmateriale (46);
- hvor behandlingsveerktgjet omfatter et stralevaerktgj (42), der er
indrettet og kan betjenes til at udlede straler af fluidiseret
tilstopningsmateriale (46) fra straleveerktgjet (42); og
- hvor trin (D) omfatter at rette naevnte straler af fluidiseret
tilstopningsmateriale (46) udad ind i den mindst ene ring via et eller flere
af naevnte huller (10) i det mindst ene rgrlegeme for at lette naevnte
tilstopning af brgnden (2).
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