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Description

FIELD OF THE INVENTION

[0001] This invention relates to systems and methods
for use in wellbore completion. In particular, but not ex-
clusively, embodiments of the invention relate to a meth-
od and system for operating a downhole tool, such as a
downhole tool associated with well fracturing.

BACKGROUND TO THE INVENTION

[0002] In the oil and gas exploration and production
industry, well boreholes are drilled from surface in order
to access subsurface hydrocarbon-bearing formations.
A tubular string, such as a completion string, may be run
into the borehole and operable to perform a number of
different operations in the borehole. One operation which
may be carried out in the borehole is hydraulic fracturing,
which involves the injection of fluid into the formation to
propagate fractures in the formation rock and increase
flow of hydrocarbons into the borehole for extraction. In
use, one or more fracturing tools may be run into the
borehole with the completion string and located adjacent
to the formation. Fluid may then be directed through ports
in a sidewall of the fracturing tool and injected into the
formation. In some instances, a number of fracturing tools
may be located at different axially spaced positions in
the completion string and configured to facilitate fractur-
ing of multiple and/or selected formation zones.
[0003] Completion strings are becoming ever more
complex, with the various completion string tools utilising
a variety of activation mechanisms, forces and pres-
sures. At the same time, there is a significant drive to
improve the effectiveness and reliability of tools which
are deployed and operated in a downhole environment,
for example to ensure that the tools operate at maximum
efficiency, have minimum risk of failure or imprecise op-
eration, can be flexible according to operator require-
ments, and minimise any necessary remedial action, as-
sociated time delays and costs.
[0004] In some applications, shifting tools can be used
for mechanical actuation of downhole tools. Typically,
shifting tools are attached to a work string and can be
used during completion of a well to open, close or other-
wise shift the position of downhole flow control or circu-
lation devices, such as sliding sleeves. In order to perform
a mechanical actuation, the shifting tool is manipulated
(via the work string) from surface. Typically, actuation is
achieved by locking the shifting tool onto profiles provid-
ed on the downhole tools and performing a combination
of the following operations: pulling (work string in tension)
pushing (work string in compression), jarring or rotating
to deliver the necessary force or impact to the tool with
which it is engaged.
[0005] As will be appreciated, however, it can be diffi-
cult to accurately control the operations of the shifting
tool especially when it is situated at the end of several

kilometres of work string and/or the shifting tool is located
in a horizontal or highly deviated wellbore. In these situ-
ations it is usually not possible to accurately predict at
surface whether the intended actuation has been suc-
cessful. An additional disadvantage of these convention-
al shifting tools is the difficulty of use. For example, jarring
down or slacking off to cause compression of the work
string risks that the work string will ’catch’ on other down-
hole tools or land on an unintended component with sig-
nificant force thereby causing damage.

SUMMARY OF THE INVENTION

[0006] According to a first aspect of the present inven-
tion, there is provided a method for operating a downhole
tool, the method comprising the steps of:

(a) locating an actuator downhole from a downhole
tool;
(b) pulling the actuator uphole;
(c) engaging the downhole tool with the actuator;
(d) pulling the actuator uphole to perform a first op-
eration of the downhole tool;
(e) changing the configuration of at least one of the
downhole tool and the actuator; and
(f) pulling the actuator to perform a second operation
of the downhole tool.

[0007] Embodiments of the present invention may per-
mit operations to be carried out on a downhole tool or a
plurality of downhole tools which require only the appli-
cation of a pulling force or tensile force to the actuator.
Since embodiments of the invention do not require push
forces to be applied from surface, the operations can be
accurately controlled, even where the downhole tool and
the actuator is located in a horizontal or highly deviated
wellbore many kilometres from surface. Moreover, the
likelihood of buckling or of the actuator becoming ’hung-
up’ or caught on the downhole tool may be reduced or
eliminated.
[0008] The actuator may be disposed on, or operatively
associated with a string, such as a tubular string. In par-
ticular embodiments, the string may comprise a wash-
pipe string or the like. Providing a washpipe string permits
fluid to be directed through the string. However, it will be
understood that other suitable conveyance arrange-
ments may be provided where required.
[0009] The method may comprise locating the down-
hole tool downhole.
[0010] The downhole tool may be configured to be se-
lectively engagable with the actuator.
[0011] Any suitable means for changing the configu-
ration of the downhole tool may be used.
[0012] In some embodiments, the method may com-
prise circulating fluid downhole to change the configura-
tion of at least one of the downhole tool and the actuator.
[0013] Alternatively or additionally, the method may
comprise changing the configuration of at least one of
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the downhole tool and the actuator mechanically.
[0014] The method can include the additional step of:
(g) maintaining a body of the actuator in tension through-
out steps (b) - (f).
[0015] Maintaining a body of the actuator in tension
can be defined as not pushing the body of the actuator
in the downhole direction.
[0016] The method can include the additional step of:
(g) maintaining the string in tension throughout steps (b)
- (f).
[0017] Maintaining the string in tension can be defined
as not applying a pushing force to the string. Maintaining
the string in tension can include maintaining a force at
surface greater than or equal to 0lbs (0kN).
[0018] Step (g) can include maintaining a force at sur-
face of between 0lbs (0kN) and 20,000lbs
(90kN)throughout steps (b) - (f).Step (g) can include
maintaining a force of between 20lbs (89N) and
10,000lbs (44kN)throughout steps (b) - (f). Step (g) can
include maintaining a force of between 50lbs (222N) and
10,000lbs (44.5kN)throughout steps (b) - (f).
[0019] A minimum force of at least 20lbs (89N) can be
maintained throughout the method steps. Alternatively a
minimum force of at least 50lbs (222N) can be maintained
throughout all the method steps.
[0020] The method may comprise operating another
downhole tool.
[0021] The method can include the further step of: (h)
disengaging the actuator and the downhole tool.
[0022] The method can include: locating another
downhole tool uphole relative to the first downhole tool;
and repeating the steps (b) to (g) downhole and thereby
operating another downhole tool.
[0023] The method can include the steps of providing
a plurality of downhole tools arranged in series and suc-
cessively operating the downhole tools by repeating
steps (b)-(g).
[0024] The string can be continuously maintained in
tension throughout operation of the plurality of downhole
tools. Thus the string can be continuously maintained in
tension throughout the method of the invention. This en-
sures that an operator at surface always has a positive
indication of the location of the actuator and an accurate
log of the operation of the tool since every action requires
a positive step (i.e. pulling or circulation) in order to per-
form a subsequent operation.
[0025] The method can include allowing an actuator to
pass within the throughbore of the downhole tool without
engaging the tool in a first direction and engaging the
actuator with the downhole tool in a second direction.
The first direction can be a downhole direction and the
second direction can be an uphole direction.
[0026] The method can include providing co-operable
engagers on each of the at least one of the downhole
tools and the actuator such that pulling the actuator in an
uphole direction within the throughbore of the downhole
tool engages the downhole tool and the actuator.
[0027] Thus, step (c) can be achieved by pulling the

actuator in an uphole direction.
[0028] The method can include running the string and
attached actuator within the throughbore of the, or each,
downhole tool to a location downhole from the lowermost
downhole tool such that the actuator passes through the
or each tool without engaging the tool. Co-operable en-
gagers provided on the downhole tool and the actuator
can be engagable in the uphole direction and non enga-
gable in the downhole direction.
[0029] Alternatively, the method can include making
up downhole tubing containing the downhole tool and
simultaneously inserting the string and attached actuator
within the throughbore defined by the downhole tool and
running the a downhole tool and actuator downhole si-
multaneously. In this case, the engager provided on the
actuator is located downhole from the engager on the
lowermost downhole tool.
[0030] The method can include pulling the string with
a predetermined minimum force to perform a first oper-
ation of the downhole tool.
[0031] The pulling force applied to the string can be
transferred to the tool via the co-operable engagers en-
gaging the actuator and the downhole tool.
[0032] The predetermined minimum force can be be-
tween 8,000lbs (36kN) and 20,000lbs (89kN). The pre-
determined force can be around 10,000lbs (44kN). The
predetermined minimum force can be in the range be-
tween 9,000lbs (40kN) and 15,000lbs (67kN).
[0033] The string can be pulled with a predetermined
minimum force calculated to exceed the force required
to displace a retainer retaining a first portion of the down-
hole tool relative to a second portion of a downhole tool.
The retainer can be a shear pin or shear ring and the
minimum predetermined force can be greater than the
rating of the shear pin or ring.
[0034] The first operation of step (d) can include mov-
ing a first portion of the downhole tool relative to a second
portion of the downhole tool.
[0035] The first portion of the downhole tool can be an
opening sleeve and the second portion of the downhole
tool can be the housing.
[0036] The first operation of step (d) can include open-
ing a circulation path downhole.
[0037] The circulation path opened by the first opera-
tion can allow fluid communication between the through-
bore and the exterior of the downhole tool. The operation
of step (d) can include opening a port in the downhole tool.
[0038] The method can further include pumping frac-
turing fluid downhole and directing fracturing fluid out
through at least one port of the downhole tool. The down-
hole tool can be a fracture tool.
[0039] The method can include pumping fracturing flu-
id within the throughbore and out through the ports and
thereby fracturing a geological formation surrounding the
tool.
[0040] Prior to step (e), the method can include locking
the actuator and the downhole tool in a configuration in
which performance of the second operation is restricted.
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[0041] The method can include locking the actuator
and the downhole tool before, during or throughout step
(c) and/or step (d).
[0042] The method can include locking the actuator to
the downhole tool and retaining the tool in the configu-
ration following performance of the first operation thereby
restricting performance of the second operation.
[0043] The method can include circulating fluid down-
hole and thereby unlocking the actuator and the down-
hole tool.
[0044] The method can include circulating fluid down-
hole in step (e) to cause a pressure differential across a
portion of at least one of the downhole tool or the actuator
to thereby change the configuration of the downhole tool
or actuator.
[0045] According to one embodiment, the pressure dif-
ferential across a portion of at least one of the downhole
tool or the actuator can act on an exposed piston area
to thereby move the piston and unlock the actuator and
the downhole tool.
[0046] Step (d) can include circulating fluid in an an-
nulus between an inner diameter of the downhole tool
and an outer portion of the string.
[0047] The method can include pulling the string with
a predetermined minimum force to perform a second op-
eration of the downhole tool.
[0048] Step (f) can be achieved by pulling the actuator
in an uphole direction. The predetermined minimum force
can be between 8,000lbs (36kN) and 20,000lbs (89kN).
[0049] The predetermined force can be around
10,000lbs (44kN). The predetermined minimum force
can be in the range between 9,000lbs (40kN) and
15,000lbs (67kN).
[0050] The string can be pulled with a predetermined
minimum force calculated to exceed the force required
to displace a retainer retaining a third portion of the down-
hole tool relative to a fourth portion of the downhole tool.
The retainer can be a shear pin or a shear ring and the
minimum predetermined force can be greater than the
rating of the shear pin or ring.
[0051] The operation of step (f) can include moving a
third portion of the downhole tool relative to a fourth por-
tion of the downhole tool.
[0052] The third portion of the downhole tool can be a
closing sleeve and the fourth portion of the downhole tool
can be the housing.
[0053] The operation of step (f) can include closing a
fluid flow path in the downhole tool.
[0054] The fluid flow path between the throughbore
and the exterior of the tool can be closed by the second
operation. A port within the downhole tool can be obtu-
rated by the second operation and this can be the same
port that was opened by the first operation of the down-
hole tool.
[0055] Step (h) can include pulling on the string and
thereby disengaging the actuator from the downhole tool.
[0056] The method can include pulling the string up-
hole and thereby decoupling the co-operable engagers

on the downhole tool and the actuator.
[0057] The method can further include providing an en-
gager on the actuator and biasing the engager radially
outwardly such that step (b) causes step (c). The method
can include disengaging the actuator from the downhole
tool by moving the engager radially inwardly.
[0058] According to a second aspect of the present
invention, there is provided a system for operating a
downhole tool comprising:

an actuator for coupling to a string, the actuator con-
figured to pass through a downhole tool, wherein the
actuator is selectively engagable with the downhole
tool, such that in an engaged position a predeter-
mined minimum tensile force applied to the actuator
is transferred to the downhole tool to perform a first
operation and a second operation, and
a lock provided on at least one of the downhole tool
and the actuator, wherein the lock is operable be-
tween an activated configuration in which perform-
ance of the second operation of the downhole tool
is restricted and a deactivated configuration, wherein
the lock is activated on performance of the first op-
eration of the tool and deactivated by changing the
configuration of at least one of the actuator and the
downhole tool.

[0059] Changing the configuration of at least one of
the actuator and the downhole tool may be performed by
any suitable means.
[0060] In some embodiments, changing the configura-
tion of at least one of the actuator and the downhole tool
may be performed by circulation of fluid downhole.
[0061] In other embodiments, changing the configura-
tion of at least one of the actuator and the downhole tool
may be performed mechanically.
[0062] The system may comprise the downhole tool.
The downhole tool may comprise a throughbore.
[0063] A body of the actuator can be arranged to be
maintained in tension throughout the operation of the
downhole tool.
[0064] The actuator can be configured to operate a plu-
rality of downhole tools.
[0065] The lock can be activated before, during or fol-
lowing performance of the first operation.
[0066] The lock can be activated on initial engagement
of the actuator and the downhole tool.
[0067] The lock can be deactivated by a pressure dif-
ferential controllable by circulation of fluid downhole.
[0068] The downhole tool and actuator can be provided
with co-operable engagers for selective engagement.
[0069] The co-operable engagers can be arranged to
engage the downhole tool and the actuator in a first up-
hole direction. The co-operable engagers can allow the
actuator to pass within the throughbore of the downhole
tool without engaging the two components in a downhole
direction.
[0070] The first and second operations of the downhole
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tool can be performed in response to a tensile force above
a predetermined force.
[0071] The first operation of the tool can cause a first
portion of the tool to move relative to a second portion of
the tool. The first portion of the tool can be an opening
sleeve and the second portion of the tool can be a hous-
ing.
[0072] The first operation of the tool can cause a cir-
culation path to open in the downhole tool. The first op-
eration can cause a port to open a circulation path be-
tween the throughbore of the downhole tool and the ex-
terior of the tool.
[0073] The second operation of the tool can cause a
third portion the tool to move relative to a fourth portion
of the tool. The third portion of the tool can be a closing
sleeve and the fourth portion of the tool can be a housing.
[0074] The second operation of the tool can cause a
flow path between the throughbore and the exterior of
the downhole tool to close. The second operation can
close at least one port in the downhole tool. The port can
be configured for pumping fracture fluid therethrough.
The port can be surrounded by hard material such as a
ceramic so that fracture fluid passing therethrough will
not erode material defining the port opening.
[0075] Embodiments of the first aspect of the invention
are also applicable to the second aspect of the invention
and vice versa where appropriate.
[0076] According to a third aspect of the invention there
is provided an actuator for operating a downhole tool
comprising,
a coupling means for coupling the actuator to a string,
an engager co-operable with an engager on the down-
hole tool such that a tensile force applied to the actuator
in use is translated to the downhole tool to perform a first
operation and a second operation of the downhole tool,
the actuator further comprising an actuator lock portion
that is operable between an activated configuration fol-
lowing performance of the first operation to resist per-
formance of the second operation of the downhole tool,
and a deactivated configuration in which performance of
the second operation is no longer restricted, and wherein
a body of the actuator is arranged to be maintained in
tension in use.
[0077] The lock portion may be operable in response
between the activated configuration following perform-
ance of the first operation to resist performance of the
second operation of the downhole tool, and the deacti-
vated configuration to downhole fluid circulation in re-
sponse to downhole fluid circulation.
[0078] The actuator can be a mechanical actuator such
as a shifting tool. The actuator can cause performance
of the first and/or second operations of the downhole tool
by axial displacement of the actuator in response to an
applied minimum tensile force to the actuator.
[0079] Forces can be transferred to the actuator via
the string.
[0080] The actuator can be a fracture system actuator.
The downhole tool can be a fracture sleeve.

[0081] The body of the actuator can be arranged to be
in tension throughout the operation.
[0082] According to a fourth aspect of the invention,
there is provided a downhole tool arranged for operation
by an actuator, the downhole tool comprising,
an engager co-operable with an engager on the actuator
such that application of a predetermined minimum tensile
force to the actuator in use is translated to the downhole
tool to perform a first operation and a second operation
of the downhole tool,
the downhole tool further comprising a downhole tool lock
portion that is operable between an activated configura-
tion following performance of the first operation to resist
performance of the second operation of the downhole
tool, and a deactivated configuration in which perform-
ance of the second operation is no longer restricted.
[0083] The lock portion may be operable in response
between the activated configuration following perform-
ance of the first operation to resist performance of the
second operation of the downhole tool, and the deacti-
vated configuration to downhole fluid circulation in re-
sponse to downhole fluid circulation.
[0084] The engagers on each of the downhole tool and
actuator can be arranged to cooperate such that appli-
cation of a tensile force to the actuator translates tensile
force to the downhole tool. The application of a prede-
termined tensile force to the actuator can cause relative
movement of the first part of the downhole tool relative
to a second part of the downhole tool. The second part
of the downhole tool can remain stationary and can be
an outer housing. The relative movement of first and sec-
ond parts of the tool can be relative axial movement. The
relative axial movement can be in an uphole direction.
[0085] The engager on the actuator can be radially dis-
placed to selectively disengage a downhole tool. The en-
gager on the actuator can be movable between a radially
outward position and a radially inward position. The en-
gager provided on the actuator can be biased into the
radially outward position. The engager can be biased by
a biasing means such as a spring.
[0086] The co-operable engager on the downhole tool
can be a profiled section. The co-operable engager pro-
vided on the actuator can be a keyway.
[0087] The first and second operations of the downhole
tools can be the opening and closing of a circulation
sleeve to create a selective flow path between the
throughbore and the exterior of the downhole tool.
[0088] The engager on the downhole tool can be cou-
pled to a sleeve assembly. The sleeve assembly can
comprise an opening sleeve and a closing sleeve. The
opening sleeve can be movable to uncover a port in the
downhole tool in the first operation.
[0089] The closing sleeve can be movable to cover the
port in the downhole tool in performance of the second
operation. Performance of the second operation is re-
stricted by the presence of the activated lock and there-
fore performance of the second operation is dependent
upon circulation of fluid from surface to deactivate the
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lock.
[0090] The string can be any line or pipe that is capable
of being run downhole within a conduit. The string can
be at least partially hollow or solid in cross section. Ex-
amples of such a string include washpipe, workstring or
coiled tubing.
[0091] Circulation of fluid within an annulus between
the actuator and the downhole tool can cause a pressure
differential between the throughbore of the string and the
annulus. One lock portion can include a piston having
one piston area exposed to annulus pressure and an
opposing piston area exposed to throughbore pressure.
Thus, deactivation of the lock can include movement of
a locking portion located on at least one of the actuator
and the downhole tool by moving a piston in response to
a throughbore/annulus pressure differential. Another
lock portion provided on at least one of the actuator and
the downhole tool can be a protrusion located in a recess.
In an activated configuration, the protrusion can be held
by the piston against movement out of the recess. In the
deactivated configuration, the protrusion can be movable
outwith the recess thereby to deactivate the lock and al-
low the second operation to proceed.
[0092] Embodiments of the first and second aspects
of the invention are also applicable to the third and fourth
aspects of the invention where appropriate and vice ver-
sa.
[0093] One advantage of the tool is that all port opening
and closing is achieved by mechanical means i.e.
through pull operations to apply a tensile force to the tool
and fluid circulation from surface.
[0094] According to a fifth aspect of the invention, there
is provided a method for fracturing a formation including
the steps of:

(a) coupling a mechanical shifting tool to a string and
locating the shifting tool downhole;
(b) applying a tensile force to the string and shifting
tool to open at least one fracturing fluid flow path;
(c) pumping fracturing fluid downhole along the frac-
turing fluid flow path to thereby fracture a formation;
and
(d) applying a tensile force to the string and the shift-
ing tool to close the fluid flow path.

[0095] The method may comprise locating tubing
downhole comprising at least one selective fracturing flu-
id flow path downhole.
[0096] The method can include maintaining a body of
the mechanical shifting tool in tension throughout steps
(b) - (d).
[0097] The method can include maintaining the string
in tension throughout steps (b) - (d).
[0098] The method can include fracturing a formation
in a plurality of zones by repeating steps (b) - (d) for suc-
cessive zones.
[0099] The method can include the steps of:

locating an alternative selective circulation path
downhole along the tubing;
coupling a second shifting tool to the string and lo-
cating the second shifting tool downhole from the
first shifting tool;
applying a tensile force to the string and shifting tools
to open the circulation path with the first shifting tool;
flowing fluid along the alternative circulation path;
and

applying a tensile force to the string and shifting tools to
close the alternative circulation path with the second
shifting tool.
[0100] The alternative circulation path can be a reverse
circulation path and the step of flowing fluid along the
alternative circulation path includes returning at least
some fracturing fluid to surface. Particulates that have
fallen out from suspension in the fracturing fluid, such as
proppant or sand can be recovered to surface to clear
the throughbore of the string.
[0101] The method can include restricting perform-
ance of step (d) until fluid is circulated within the annulus
between the string and the tubing.
[0102] According to a sixth aspect of the present in-
vention there is provided a downhole completion method,
comprising:

deploying a downhole system into a wellbore, where-
in the downhole system includes a completion sys-
tem and an activator tool mounted within the com-
pletion system; and
withdrawing the activator tool from the completion
system to operate at least a portion of the completion
system.

[0103] According to a seventh aspect of the present
invention there is provided a downhole completion sys-
tem, comprising:
a downhole system deployable into a wellbore, wherein
the downhole system includes a completion system and
an activator tool mounted within the completion system,
wherein the activator tool is configured to be withdrawn
from the completion system to operate at least a portion
of the completion system .
[0104] The activator tool may comprise an actuator ac-
cording to any preceding aspect.
[0105] The activator tool may comprise a mechanical
actuator. The activator tool may comprise a shifting tool.
The actuator can cause performance of the first and/or
second operations of the downhole tool by axial displace-
ment of the actuator in response to an applied minimum
tensile force to the actuator.
[0106] The activator tool may be disposed on a tubular
string.
[0107] The tubular string may comprise a washpipe
string or the like.
[0108] However, it will be understood that other con-
veyance means may be used where appropriate.
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[0109] The activator tool may comprise a mandrel. A
flow path may be defined through the shifting tool.
[0110] The activator tool may comprise a lateral flow
passage or flow port.
[0111] The activator tool may comprise an upper shifter
assembly. The upper shifter assembly may comprise a
keyway.
[0112] The activator tool may comprise a lock assem-
bly. The lock assembly may be operatively associated
with the upper keyway assembly.
[0113] The activator tool may comprise a lower shifter
assembly. The lower shifter assembly may comprise a
keyway.
[0114] The lower keyway assembly may be axially
spaced from the upper keyway assembly.
[0115] The upper keyway assembly may be located in
a recess in the mandrel.
[0116] The upper keyway assembly may comprise a
shifting key.
[0117] In use, the key may be moveable between a
radially retracted position and a radially extended posi-
tion. The key may be biased radially outwards, for exam-
ple by one or more spring. The key may be disposed in
a seat. A downhole seat surface may define a wedge
profile.
[0118] An outer surface of the key may be profiled. In
use, the key profile may be configured to engage a cor-
responding profile in a downhole tool.
[0119] An annular collar may be disposed around and
may be axially moveable relative to the mandrel. The
collar may be arranged to partially extend over a down-
hole end of the key. An uphole end of the collar may
extend over the key. For example, the key may comprise
one or more ledge, the ledge being engageable with the
collar to retain the key in the radially retracted position.
[0120] The collar may be biased towards a first axial
position relative to the mandrel. The collar may be biased
towards the first axial position by a spring.
[0121] The collar may be moved from the first axial
position to a second axial position. The collar may be
moved from the first axial position to the second axial by
directing fluid into a chamber. The chamber may be de-
fined between the collar and the mandrel. The chamber
may receive fluid via a passage.
[0122] In use, fluid may be directed to the chamber to
urge the collar axially away from the key and so permits
the key to move from its radially retracted position to its
radially extended position.
[0123] The system may comprise a control system.
The control system may comprise a control unit opera-
tively associated with the actuator.
[0124] The control system may be configured to control
fluid passage to the chamber.
[0125] The system may comprise an indicator. The in-
dicator may be operatively associated with or form part
of the control system.
[0126] The indicator may be of any suitable form. The
indicator may comprise an electromagnetic element. The

indicator may comprise an electromagnetic inductance
coil.
[0127] The indicator may be configured for electro-
magnetic coupling to an indicator of the downhole tool.
[0128] In use, the control system may receives an in-
dication in the form of an induced signal from the indicator
to indicate that the actuator has passed the indicator of
the downhole tool, the control system initiating the flow
of fluid into the chamber to shift the collar and permit the
key to move from its radially retracted position to its ra-
dially extended position.
[0129] The system may comprise a lock assembly.
[0130] The lock assembly may comprise a first lock.
The first lock may comprise one or more dog, snap ring
or the like.
[0131] The lock assembly may comprise a second
lock. The second lock may comprise one or more dog,
snap ring or the like.
[0132] At least one of the first lock and the second lock
may initially be configured in a radially extended config-
uration.
[0133] At least one of the first lock and the second lock
may be configured to move from the radially extended
configuration to a radially retracted configuration. Any
suitable means for moving at least one of the first lock
and the second lock may be employed. For example, at
least one of the first lock and the second lock may be
moved by at least one of a mechanical arrangement, a
hydraulic arrangement or the like. In particular embodi-
ments, a piston assembly may be provided to move at
least one of the first lock and the second lock from the
radially extended configuration to the radially retracted
configuration.
[0134] In use, the first lock and the second lock may
be configured to move from the extended configuration
to the retracted configuration sequentially. For example,
movement of the piston assembly may first de-supports
the first lock and then the second lock.
[0135] The system may receive power from surface.
In particular embodiments, the system may comprise a
downhole power source. The power source may com-
prise a battery or the like.
[0136] The system may comprise a pump for directing
fluid into the chamber.
[0137] The downhole system may comprise at least
one packer.
[0138] The system may comprise a plurality of packers.
For example, the system may comprise a first packer.
The first packer may be of any suitable form and con-
struction. In particular embodiments, the first packer may
comprise a sump packer. The system may comprise a
second packer. The first packer may be of any suitable
form and construction. In particular embodiments, the
second packer may comprise a CZI Packer from Petrow-
ell Limited.
[0139] The completion system may comprise a down-
hole tool. Operating at least a portion of the completion
system may comprise operating the downhole tool. Op-

11 12 



EP 3 505 721 A2

8

5

10

15

20

25

30

35

40

45

50

55

erating at least a portion of the completion system may
comprise performing a plurality of operations on the
downhole tool.
[0140] The completion system may comprise a plural-
ity of downhole tools.
[0141] A first downhole tool may comprise a flow con-
trol device.
[0142] The first downhole tool may comprise a sliding
sleeve device.
[0143] The first downhole tool may comprise one or
more lateral flow passage or flow port.
[0144] The first downhole tool may a sleeve.
[0145] In use, the first downhole tool may be actuable
between a closed configuration in which fluid flow through
the flow port or passage is permitted or restricted and an
open configuration in which fluid flow through the flow
port or passage is permitted.
[0146] The first downhole tool may comprise at least
one centraliser blade. In particular embodiments, first
downhole tool may comprise a plurality circumferentially
spaced and radially extending centraliser blades. In use,
the or each centraliser blade may offset the first downhole
tool from a surrounding casing or bore wall.
[0147] The first downhole tool may comprise a collet.
The collet may be formed or otherwise provided in the
sleeve of the first downhole tool.
[0148] The first downhole tool may comprise an iden-
tifier. The identifier may comprise an electromagnetic el-
ement. In particular embodiments, the identifier may an
electromagnetic coil, such as an inductor coil or element.
[0149] The first downhole tool may comprise a profile
for engaging the activator tool. The profile may comprise
a keyway profile.
[0150] In use, engagement between the profile and the
activator tool may move the first downhole tool from a
closed configuration to an open configuration.
[0151] The first downhole tool may comprise a retainer.
The retainer may comprise one or more shear pin or the
like. In use, the retainer may be used to initially axially
secure the sleeve.
[0152] A second downhole tool may comprise a frac-
ture tool.
[0153] The second downhole tool may comprise a slid-
ing sleeve device.
[0154] The second downhole tool may comprise one
or more lateral flow passage or flow port. In particular
embodiments, the second downhole tool may comprise
a plurality of lateral flow passages or flow ports.
[0155] In use, the second downhole tool may be actu-
able between a closed configuration in which fluid flow
through the passage or port is prevented or restricted
and an open configuration in which fluid flow through the
passage or port is permitted.
[0156] The second downhole tool may comprise a col-
let. The collet may be formed or otherwise provided in
the sleeve of the second downhole tool.
[0157] The second downhole tool may comprise an
identifier. The identifier may comprise an electromagnet-

ic element. In particular embodiments, the identifier may
an electromagnetic coil, such as an inductor coil or ele-
ment.
[0158] The second downhole tool may comprise a pro-
file for engaging the activator tool. The profile may com-
prise a keyway profile.
[0159] In use, engagement between the profile and the
activator tool may move the second downhole tool from
a closed configuration to an open configuration.
[0160] The second downhole tool may comprise a re-
tainer. The retainer may comprise one or more shear pin
or the like. In use, the retainer may be used to initially
axially secure the sleeve.
[0161] According to an eighth aspect of the present
invention, there is provided a method for operating a
downhole tool, the method comprising the steps of:

(a) locating an actuator downhole;
(b) moving the actuator relative to the downhole tool;
(c) engaging the actuator with the downhole tool;
(d) moving the actuator to perform a first operation
of the downhole tool;
(e) changing the configuration of at least one of the
downhole tool and the actuator; and
(f) moving the actuator to perform a second operation
of the downhole tool.

[0162] According to a further aspect of the present in-
vention there is provided a method for operating at least
one downhole tool, the method comprising the steps of:

(i) locating a tool downhole, the tool defining a
throughbore, wherein the tool is adapted to be se-
lectively engagable with an actuator;
(ii) locating a string comprising an actuator downhole
from the tool;
(iii) pulling the string uphole;
(iv) engaging the downhole tool with the actuator;
(v) pulling the string to perform a first operation of
the downhole tool;
(vi) circulating fluid downhole to change the config-
uration of at least one of the downhole tool and the
actuator; and
(vii) pulling the string and attached actuator to per-
form a second operation of the downhole tool.

[0163] According to a further aspect of the present in-
vention there is provided a system for operating a down-
hole tool, the system comprising,
at least one downhole tool having a throughbore,
an actuator for coupling to a string, the actuator dimen-
sioned to pass within the throughbore of the at least one
of the downhole tool,
wherein the actuator and the at least one downhole tool
are selectively engagable, such that in an engaged po-
sition a predetermined minimum tensile force applied to
the actuator is transferred to the downhole tool to perform
a first operation and a second operation,
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the system further comprising a lock provided on at least
one of the downhole tool and the actuator, wherein the
lock is operable between an activated configuration in
which performance of the second operation of the down-
hole tool is restricted and a deactivated configuration,
wherein the lock is activated on performance of the first
operation of the tool and deactivated by circulation of
fluid downhole.
[0164] According to a further aspect of the invention
there is provided an actuator for operating a downhole
tool comprising,
a coupling means for coupling the actuator to a string,
an engager co-operable with an engager on the down-
hole tool such that a tensile force applied to the actuator
in use is translated to the downhole tool to perform a first
operation and a second operation of the downhole tool,
the actuator further comprising an actuator lock portion
that is operable between an activated configuration fol-
lowing performance of the first operation to resist per-
formance of the second operation of the downhole tool,
and a deactivated configuration in response to downhole
fluid circulation in which performance of the second op-
eration is no longer restricted, and
wherein a body of the actuator is arranged to be main-
tained in tension in use.
[0165] According to a further aspect of the invention,
there is provided a downhole tool arranged for operation
by an actuator, the downhole tool comprising,
an engager co-operable with an engager on the actuator
such that application of a predetermined minimum tensile
force to the actuator in use is translated to the downhole
tool to perform a first operation and a second operation
of the downhole tool,
the downhole tool further comprising a downhole tool lock
portion that is operable between an activated configura-
tion following performance of the first operation to resist
performance of the second operation of the downhole
tool, and a deactivated configuration in response to
downhole fluid circulation in which performance of the
second operation is no longer restricted.
[0166] According to a further aspect of the invention,
there is provided a method of fracturing a formation in-
cluding the steps of:

(i) locating tubing downhole comprising at least one
selective fracturing fluid flow path downhole;
(ii) coupling a mechanical shifting tool to a string and
locating the shifting tool downhole;
(iii) applying a tensile force to the string and shifting
tool to open the fracturing fluid flow path;
(iv) pumping fracturing fluid downhole along the frac-
turing fluid flow path to thereby fracture a formation;
and
(v) applying a tensile force to the string and shifting
tool to close the fluid flow path.

[0167] It should be understood that the features de-
fined above in accordance with any aspect of the present

invention or below in relation to any specific embodiment
of the invention may be utilised, either alone or in com-
bination with any other defined feature, in any other as-
pect or embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0168] These and other aspects of the present inven-
tion will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Figure 1a is diagrammatic view of a wellbore system
according to an embodiment of the present inven-
tion;
Figure 1b is a diagrammatic view of a tool assembly
of the wellbore system shown in Figure 1a;
Figure 2a is a partial sectional schematic view of a
fracture tool having a sleeve assembly to obturate
ports;
Figure 2b is a partial sectional schematic view of the
fracture tool of Figure 2a engaged with an upper shift-
ing tool;
Figure 2c is a partial sectional schematic view of the
fracture tool of Figure 2a with the ports opened;
Figure 2d is a partial sectional schematic view of the
fracture tool of Figure 1a with the shifting tool in a
lock release position;
Figure 2e is a partial sectional schematic view of the
fracture tool of Figure 1a with the ports closed;
Figure 2f is a partial sectional schematic view of the
fracture tool of Figure 1a with the ports closed and
the upper shifting tool released;
Figure 3a is a partial sectional schematic view of a
production tool having a sleeve to obturate ports;
Figure 3b is a partial sectional schematic view of the
production tool of Figure 2a engaged with a lower
shifting tool;
Figure 3c is a partial sectional schematic view of the
production tool of Figure 2a with the ports opened;
Figure 3d is a partial sectional schematic view of the
production tool of Figure 2a with the ports closed and
the lower shifting tool released;
Figures 4a to 4e are schematic views of three zones
within a well, each zone having a fracture tool and a
production tool, showing successive opening and
closing of ports within the tool;
Figure 5 is a sectional schematic view of a toe tool;
Figure 6 is a sectional schematic view of a circulation
tool;
Figure 7 is a sectional schematic view of a production
tool;
Figure 8 is a sectional schematic view of a fracture
tool; and
Figures 9 to 19 are schematic views of a wash pipe
fracture system according to another embodiment
of the invention;
Figure 20 shows a tool assembly according to an-
other embodiment of the invention;
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Figure 21a is a longitudinal cut away view of a first
downhole of the tool assembly shown in Figure 20;
Figure 21b is an enlarged view of an uphole end
region of the first downhole tool shown in Figure 21a;
Figure 21c is an enlarged view of a downhole end
region of the first downhole tool shown in Figure 21a;
Figure 21d is a further enlarged view of the upper
end region of the first downhole tool shown in Figure
21a;
Figure 21e is a further enlarged view of the downhole
end region of the first downhole tool shown in Figure
21a;
Figure 22a is a longitudinal cut away view of a second
downhole tool of the tool assembly shown in Figure
20;
Figure 22b is an enlarged view of an uphole end
region of the second downhole tool shown in Figure
22a;
Figure 22c is an enlarged view of a downhole end
region of the first downhole tool shown in Figure 22a;
Figure 23a is a longitudinal cut away view of a pro-
duction tool of the tool assembly shown in Figure 20;
Figure 23b is an enlarged view of an uphole end
region of the production tool shown in Figure 23a;
Figure 23c is an enlarged view of a downhole end
region of the production tool shown in Figure 23a;
Figure 23d is a further enlarged view of the upper
end region of the production tool shown in Figure
23a;
Figure 23e is a further enlarged view of the downhole
end region of the production tool shown in Figure
23a;
Figure 24a is a longitudinal cut away view of a shifting
tool of the tool assembly shown in Figure 20;
Figure 24b is an enlarged view of part of the shifting
tool of Figure 24a, showing an upper keyway assem-
bly;
Figure 24c is an enlarged view of part of the shifting
tool of Figure 24a, showing a lock assembly;
Figure 25a to 25o show operation of the fracture tool
by the shifting tool; and
Figure 26a to 26f show the first downhole tool during
at stages of operation of the assembly 1000.

DETAILED DESCRIPTION OF THE DRAWINGS

[0169] Figure 1a shows a diagrammatic view of a well-
bore system 1 according to an embodiment of the present
invention. The wellbore system 1 includes a drilled bore-
hole 2 which intercepts a subterranean reservoir or for-
mation 3. The formation 3 may contain hydrocarbons to
be produced to surface via the well system 1. Alterna-
tively, or additionally, the subterranean formation 3 may
define a target for receiving a fluid injected from surface
via the wellbore system 1, for example for increasing for-
mation pressure to improve production of hydrocarbons
from the formation 3 or a neighbouring formation, for se-
questration purposes, or the like.

[0170] Following drilling of the borehole 2, or following
a period of production/ injection, the formation 3 may re-
quire stimulation or treatment to permit improved produc-
tion or injection rates to be achieved or restored. Known
stimulation techniques include hydraulic fracturing which
involves injecting a fracturing fluid into the formation at
high pressure and/or flow rates to create mechanical frac-
tures within the geology. These fractures may increase
the effective near-wellbore permeability and fluid con-
nectivity between the formation 3 and wellbore. The frac-
turing fluid may carry proppant material, which functions
to prop open the fractures when the hydraulic fracturing
pressure has been removed. Matrix stimulation provides
a similar effect as hydraulic fracturing. This typically in-
volves injecting a chemical such as an acid, for example
hydrochloric acid, into the formation to chemically create
fractures or wormholes in the geology. Such matrix stim-
ulation may have application in particular geology types,
such as in carbonate reservoirs.
[0171] In most stimulation or treatment regimes it is
necessary to provide the ability to inject a treatment fluid
into the formation 3 via wellbore tools and infrastructure
and embodiments of the present invention permit such
injection to be achieved. In this respect, a tubular string
4 extends through the borehole 2, wherein the tubular
string 4 comprises a plurality of tools or tool assemblies
5 distributed along its length at desired interval spacing.
[0172] An exemplary tool assembly 5 is shown in Fig-
ure 1b. In the illustrated embodiment, the tool assembly
5 includes a lower packer 6, an upper packer 7, a first
downhole tool 8 in the form of a flow control device, a
second downhole tool 9 in the form of a fracture tool, a
plurality of production tools 10 and a plurality of screens
11, such as sandscreens. Further, each tool assembly 5
includes or is associated with a downhole actuator 12
which is operable to actuate one or more of the first down-
hole tool 8, second downhole tool 9 or production tools
10 in use. The tool assemblies 5 are capable of being
actuated in a desired sequence, thus allowing the forma-
tion 3 to be treated in stages.
[0173] Such ability to actuate the tool assemblies 5 se-
quentially may in some embodiments be achieved via
the associated downhole actuator, as will be described
in further detail below.
[0174] A fracture tool 33 according to an embodiment
of the present invention is shown in Figure 2a. The frac-
ture tool 33 may, for example, but not exclusively, be
used in a wellbore system such as the wellbore system
1 described above.
[0175] As shown in Figure 2a, the fracture tool 33 has
standard end connections enabling the tool 33 to be con-
nected to tubing. The fracture tool 33 has an outer hous-
ing 20 having a plurality of radially spaced ports 21 ex-
tending through the sidewall of the housing 20. An inner
surface of the housing 20 has a recess 27 sized to ac-
commodate a sleeve assembly 30, with the uphole end
of the recess 27 defining a shoulder stop 28.
[0176] The sleeve assembly 30 comprises a releasa-
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bly connected first outer opening sleeve 40 and second
coaxial inner closing sleeve 50. The opening sleeve 40
has a plurality of radially spaced ports 41 extending
through the sidewall of the sleeve 40. The opening sleeve
40 is coupled to the housing 20 by means of a splined
connection (not shown) to ensure that the ports 41 are
radially aligned with the ports 21 in the housing 20. The
opening sleeve 40 has an upper end 43, a lower end 44
and two axially spaced annular recesses 46a, 46b on its
inner surface. Annular seals 42a, 42b, 42c are located
in annular grooves provided on an outer surface of the
sleeve 40 in the region of the port 41. The opening sleeve
40 is also connected to the housing 20 with a shear pin
45 towards its lower end 44.
[0177] The closing sleeve 50 is arranged within the
opening sleeve 40. The closing sleeve 50 has an upper
end 53 and a lower end 54. The closing sleeve 50 has a
plurality of radially spaced ports 51 and a three annular
seals 52a, 52b, 52c located in grooves provided in the
outer surface of the closing sleeve 50. Towards its lower
end 54 the closing sleeve 50 is releasably pinned to the
opening sleeve 40 by a shear pin 55 and is provided with
a lock portion in the form of a plurality of dogs 56 capable
of radial displacement. Towards its upper end 53 an inner
circumference of the closing sleeve 50 is provided with
a profile 57 having a stepped shoulder 57s.
[0178] Figure 2b shows an actuator according to an
embodiment of the present invention. The actuator may,
for example, but not exclusively, be used in a wellbore
system such as the wellbore system 1 described above.
As shown in Figure 2b, the actuator takes the form of an
upper shifting tool 70 attached to a length of wash pipe
(not shown). The actuator has an engager in the form of
a keyway 72 having a unique profile for keying onto the
profile 57 of the closing sleeve 50 of the fracture tool 33
in a first direction. The keyway 72 is biased radially out-
wardly by means of springs 73.
[0179] The shifting tool 70 has a plurality of radially
spaced ports 71 extending through a sidewall and pro-
viding fluid communication between a throughbore of the
wash pipe and the exterior of the shifting tool 70. Annular
grooves 76a, 76b on each side of the ports 71 house a
stack of chevron seals 77a, 77b respectively.
[0180] A recess 75 formed in the exterior of the upper
shifting tool 70 houses a lock portion in the form of a
piston 80. The piston 80 is biased towards an upper
shoulder 74 of the recess 75 by a biasing means in the
form of a spring 81. The piston 80 is sealed against an
exterior of the housing. An area of the piston 80 between
annular seals 82 and 83 is exposed to pressure within
the throughbore 19 by a channel 84 that communicates
throughbore 19 pressure to the piston 80. The remainder
of the piston 80 is exposed to fluid pressure within the
annulus 16 between the shifting tool 70 and the interior
of the fracture tool 33.
[0181] A production tool 34 according to an embodi-
ment of the present invention is shown in Figure 3a. The
production tool 34 may, for example, but not exclusively,

be used in a wellbore system such as the wellbore system
1 described above. As shown in Figure 3a, the production
tool 34 has a housing 120 and a plurality of radially
spaced ports 121 extending through a sidewall of the
housing 120. An external portion of the tool 34 in the
region of the ports 121 is covered by a cylindrical portion
of sandscreen 36. The sandscreen 36 provides a gauze
surrounding the ports 121 through which particles above
the predetermined gauze size cannot pass. An inner sur-
face of the production tool 34 has a recess 127, an uphole
end of which defines a shoulder stop 124. An area of
inclined inner bore adjacent the shoulder stop 124 rep-
resents a kick down shoulder 122. The recess 127 hous-
es a production sleeve 60.
[0182] The production sleeve 60 is releasably attached
to the housing 120 by a shear pin 65. The production
sleeve 60 has a plurality of radially spaced ports 61 ex-
tending through the sidewall and a series of annular seals
62a, 62b, 62c located in annular grooves surrounding
the ports 61. A profile 67 is provided on the inner surface
of the production sleeve 60 at its uphole end.
[0183] A lower shifting tool 171 is shown in Figure 3b.
The lower shifting tool 171 has a keyway 172 biased by
springs 173 in a radially outward direction. An annular
seal 178 is located uphole from the keyway 172. The
profile 67 of the production tool 34 is shaped such that it
engages with the keyway 172 of the lower shifting tool
171, but does not engage the keyway 72 of the upper
shifting tool 70.
[0184] The system shown in Figures 2a to 2f can be
used in a method of fracturing a formation. The system
shown in Figures 3a to 3d can be used to produce hy-
drocarbons from a fractured formation. The fracturing
and production operation is described below with refer-
ence to Figures 4a to 4g.
[0185] Prior to the fracturing operation, a well is drilled
to access a subterranean formation containing hydrocar-
bons. According to the present embodiment the well may
extend approximately 3 kilometres (10000 feet) in a ver-
tical direction and 6 kilometres (20000 feet) in a horizontal
direction parallel to the surface of the earth. The intention
is then to fracture the surrounding geological formations
of interest to penetrate the hydrocarbon reserves zone
by zone and produce hydrocarbons from all zones.
[0186] Successive lengths of conjoined tubing of
around 3© to 5© inch (approximately 0.09 - 0.14 metre)
outer diameter is made up at surface and run into down-
hole. Simultaneously within the tubing, lengths of wash
pipe (having a diameter sized to fit within the inner diam-
eter of the tubing)are screwed together. Additional tools
such as packers and blank pipe are interconnected with
the tubing as required. The extent of each production
zone is defined by packers15 at each end. Packers 15
used in connection with the present invention are Petrow-
ell’s open hole hydraulically set packers (product refer-
ence CSI Open Hole Permanent Packer 52-CS10).
[0187] Figure 4a shows three zones. Each zone con-
tains a production tool 34, 234, 334and a fracture tool
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33, 233, 333. All ports 21, 121 of the fracture tools33,
233, 333 and the production tools 34, 234, 334 are closed
while the tubing and the wash pipe is run downhole (Fig-
ure 2a, Figure 3a, Figure 4a). During run-in the toe end
of the tubing and wash pipe is open to allow circulation
of fluids through the wash pipe and out of the end of the
tubing to discharge debris ahead of the assembly and
lubricate the assembly during run-in.
[0188] Once the assembly has reached the required
depth and the tools 33, 233, 333, 34, 234, 334 are aligned
alongside the respective zones of interest, a ball is
dropped that is sized to land on a seat of restricted di-
ameter at the end of the tubing to close off the tubing.
The ball seat is attached to a shifting sleeve. Pressure
build up behind the ball causes movement of the ball and
drives the shifting sleeve to close off the toe end of the
wash pipe. Pressure is increased in the tubing to actuate
the hydraulically set open hole packers 15. The packers
15 are set to isolate the outer annulus 18 to separate the
zones.
[0189] Once the packers 15 are set the fracture tools
33134, 234 must be set up for the fracturing operation of
each zone. Pulling force is then applied to the washpipe
and shifting tool 70 at around 1000lbs (approximately
4.5kN). The keyway 72 on the upper shifting tool 70 en-
gages the profile 57 on the closing sleeve 50 (Figure 2b).
At this point a resistance is measured by an operator at
surface since the sleeve assembly 30 is shear pinned to
the housing 20 of the fracture tool 33. The amount of
force pulling the washpipe uphole is increased to around
10,000lbs (approximately 44.5kN). The increased pulling
force is sufficient to shear the shear pin 45 pinning the
sleeve assembly 30 to the housing 20. The sleeve as-
sembly 30 moves relative to the housing 20. Since the
closing sleeve 50 and the opening sleeve 40 are locked
together by the locking portions in the form of piston 80
and dogs 56 as well as the shear pin 55, the sleeve as-
sembly 30 moves as one uphole to the first shoulder stop
28 (Figure 2c). Movement of the sleeve assembly 30 up-
hole aligns the sleeve assembly ports 41, 51 with the
ports 21 extending through the sidewall of the fracture
tool 33.
[0190] Once the sleeve assembly 30 reaches the
shoulder stop 28, the washpipe is prevented from moving
further uphole as it is locked to the sleeve assembly 30
by the keyway 72 and the sleeve assembly 30 is prevent-
ed from further movement by the stop 28. Thus a resist-
ance is encountered at surface as applied pulling force
ceases to have an effect. This gives a positive indication
at surface that the ports 21 of the fracturing tool are open
and a fracture fluid flow path has been created. The wash
pipe retains the sleeve assembly 30 once the shear pin
45 has sheared so that the sleeve assembly 30 remains
engaged to the shifting tool 70, with the wash pipe under
tension enabling operations engineers managing the well
to know the exact location of the shifting tool 70 and the
sleeve assembly 30. The fracturing operation can then
commence.

[0191] Fracturing fluids are pumped down the through-
bore of the wash pipe at a rate of approximately 20 barrels
per minute. The fluids are directed out of the ports 21 of
the fracturing tool 33 and penetrate the geological for-
mation to open up the rock in surrounding the zone. Sand
suspended in fluid is pumped down the wash pipe. The
sand and fluid mixture exits the ports in the fracturing tool
and is urged into the cracks in the fractured formation.
In this way the sand is packed between the cracks to
restrict the fractured formation from reforming and pre-
vent closure of the cracks. Once the fractured formation
is packed full of sand, a pressure spike is measurable at
surface and sand begins to build in the wash pipe. At this
point an operations engineer at surface can immediately
suspend the sand pumping (Figure 4b).
[0192] In order to clear excess sand from the wash
pipe, a reverse circulation operation is necessary. Before
reverse circulation can occur, the ports of the fracturing
tool must be closed.
[0193] In order to close the ports of the fracturing tool,
fluid is pumped down the inner annulus 16 between the
interior of the tubing and the exterior of the wash pipe to
create an annulus to throughbore pressure differential.
The seals 77a, 77b located in seal bores on either side
of the sleeve assembly ports, effectively seal the annulus
from the open port 71. At around or slightly above 500psi
(3.4MPa) continued pressure build-up leads to a through-
bore to annulus pressure imbalance which acts on the
piston 80 and urges the piston 80 against the bias of the
spring 81 to compress the spring 81 and move the piston
80 in a downhole direction (Figure 2d). This downhole
movement causes the piston 80 to move away from the
dog 56 on the closing sleeve 50. As a result, the dog 56
can move radially inwardly and the closing sleeve 50 is
no longer locked to the opening sleeve 40.
[0194] Application of a pulling force to the wash pipe
of around 10,000lbs (approximately 45kN) is sufficient to
shear the shear pin 55 pinning the closing sleeve 50 to
the opening sleeve 40. As a result, the shifting tool 70
and attached closing sleeve 50 move uphole (Figure 2e).
The second and third seals 52b, 52c of the closing sleeve
50 move over the ports 41 of the opening sleeve 40 still
aligned with the ports 21 in the tubing housing 20. Once
the second and third annular seals 52b, 52c are located
on either side of the opening sleeve port 41, the ports 21
of the fracturing tool are obturated and the fluid flow path
has been closed. Continued uphole movement of the
wash pipe results in the closing sleeve 50 reaching the
shoulder stop 29. Simultaneously, the angled upper
shoulder of the keyway 72 on the shifting tool 70 contacts
the kick down shoulder 22 formed on the tubing housing
20. The complementary angles result in inward move-
ment of the keyway 72 against the bias of the springs 73
to release the shifting tool 70 from the closing sleeve 50.
Thus the shifting tool 70 on the wash pipe is disengaged
from the fracture tool 33 (Figure 2f).
[0195] Continued pulling force applied to the wash pipe
moves the shifting tools 70, 171 uphole until the keyway
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172 on the lower shifting tool 171 engages the profile 67
located on the production sleeve 60 (Figure 3b). Resist-
ance to pulling encountered at surface indicates that the
lower shifting tool 171 is latched to the production sleeve
60. This gives another positive indication of the relative
position of the wash pipe and the tubing. In this known
position the seal 178 is located within the bore to thereby
create a fluid tight seal in the inner annulus 16 between
the tubing and the wash pipe.
[0196] Excess sand lodged in the wash pipe is then
cleared out by the process of reverse circulation. Reverse
circulation involves pumping fluid down the annulus be-
tween the tubing and the wash pipe. Fluid cannot pass
beyond the seals 178 sealing the lower shifting tool 171
against the production sleeve 60. Therefore the only out-
let for the fluid continually pumped down the annulus is
through the ports (not shown) in the sidewall of the wash
pipe. Fluid enters the wash pipe and any sand blockage
encountered causes a fluid pressure to build therebehind
until that pressure is sufficient to dislodge the sand. The
sand is then transported in the fluid suspension back flow
through the tubing to surface where the sand is recov-
ered.
[0197] Once the wash pipe has been cleared of sand,
an operator at surface applies a large pulling force of
10,000lbs (approximately 45kN) to the wash pipe to
shear the pins 65 pinning the production sleeve 60 to the
tubing. The pulling force transmitted to the production
sleeve 60 via the keyway 172 causes axial uphole move-
ment of the production sleeve 60 to align ports 61 in the
production sleeve 60 with ports 121 through the sidewall
of the tubing (Figure 3c). Once the production sleeve 60
has reached the shoulder stop 124 and the production
ports 121 are open, the keyway 172 on the shifting tool
171 contacts the kick down shoulder 122, and the keyway
172 is pushed radially inwardly against the spring bias
173 and releases the lower shifting tool 172 from the
tubing (Figure 3d, Figure 4c).
[0198] Once the production ports have been opened
a pressure imbalance is maintained within the tubing
compared with the formation pressure. By over pressur-
ing the tubing, downhole production fluids are maintained
in the formation. At a later stage when an operator is
ready to bring well production on, the pressure imbalance
is removed. The production tool 34 is surrounded by sand
screen 36. This sand screen 36 mesh covering the open
ports 61 of the production tool 34 enables production of
well fluids through the ports 61 without contamination by
debris above a certain maximum size determined by the
diameter of the holes in the sand screen 36 mesh.
[0199] Zone 1 has been successfully fractured and the
operator repeats the method steps to fracture zone 2 and
subsequently open the production ports 121.
[0200] The wash pipe is then pulled uphole with a force
of approximately 1000lbs (4.5kN) to move the shifting
tools 70, 171 into zone 2. The keyway 72 on the upper
shifting tool 71 skips over the profile 67 on the next pro-
duction tool 234 since the keyway 72 of the upper shifting

tool 70 and the profile 67 on the production sleeve 60 are
non-matching. On reaching the zone 2 fracturing tool
234, the keyway 72 engages the matching profile 57 and
the operation can being again for zone 2.
[0201] The method steps described can be repeated
for each subsequent zone containing a fracturing tool
and a production tool (Figures 4d to 3g). In each case,
the upper shifting tool 70 engages the fracture tool 233,
333. The shifting tool 70 is pulled uphole to open the
fracturing ports 21. Fracturing and sand packing opera-
tions are performed. The arrangement of the sleeve as-
sembly 30 within the housing 20 ensures that the relative
positions of the shifting tool 70 and tubing are known.
Reverse circulation removes the sleeve assembly 30 lock
and allows the closing sleeve 50 to be moved, thereby
closing the fracturing ports 21.
[0202] All operations are performed with the body of
the shifting tool 70 in tension. This means that no pushing
force is ever applied to the shifting tool 70 and as a result
the shifting tool is always in a known location. The wash
pipe is maintained in tension throughout operations. This
is advantageous since it reduces the likelihood of buck-
ling or of the wash pipe becoming ’hung-up’ or caught on
any of the downhole tools.
[0203] A further advantage of this invention is that in
order to perform all operations, a positive indication of
the relative position of the wash pipe and tubing exists.
Hydraulic pressure and temperature can act to extend or
contract the wash pipe (or any other small bore pipe ex-
tending over a large distance). Since the invention re-
quires that an operator registers a continual tensile force
(measured at greater than or equal to zero at surface),
these effects do not alter the functionality of the invention.
Further, maintaining the work string in tension ensures
that it is always possible to measure and know with a
high degree of certainty at what stage in the process the
operations have reached.
[0204] The locking device of the invention (dogs 56,
recess 46a and piston 80) enables the shifting tool 70 to
remain engaged with the closing sleeve 50 until the con-
figuration of the fracture tool 33 is altered (by circulation)
and closure of the ports 21 is required. Thus, throughout
the fracturing operation, the operators know the exact
location of the shifting tool 70 relative to the tubing. This
increased certainty allows greater control to be retained
during the fracturing operation and results in increased
reliability and lower risks of failure associated with the
fracturing operation.
[0205] Another embodiment of the invention is shown
in Figures 5 to 19.
[0206] In this embodiment, an outer tubing string is
made up from a toe tool 38 to be located at the toe end
of the well in use, and repeating sections comprising a
circulation tool 35, a production tool 34, a fracture tool
33 and a packer (not shown) for each zone of the well.
[0207] The toe tool 38 (Figure 5) has an outer cylindri-
cal housing 520 with four radially equispaced ports 521
extending through the sidewall. An inner diameter of the
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housing is provided with an annular recess 527 or en-
larged diameter portion extending between an upper
shoulder stop 524 and a lower shoulder 529. A kick-down
shoulder 522 formed from an inclined decreasing inner
diameter of the housing 520 is located adjacent the upper
shoulder stop 524.
[0208] A cylindrical toe sleeve 110 is positioned within
the inner recess 527 of the housing 520. The toe sleeve
110 has an upper end 113 and a lower end 114 and the
toe tool 38 is located with the lower end 114 closest to
the toe end of the well is use. The lower end 114 of the
toe sleeve 110 is positioned in abutting relationship with
the lower shoulder 529 and the toe sleeve 110 is releas-
ably fixed to the housing 520 by means of shear pins
115. The toe sleeve 110 has four radially equispaced
ports 111 extending through the sidewall of the sleeve
110. The toe sleeve 110 is initially located and pinned
such that the ports 111 of the toe sleeve 110 are axially
and radially aligned with the ports 521 formed in the hous-
ing. Thus the toe tool 38 provides a flow path from the
throughbore to the exterior of the tubing string.
[0209] An exterior of the toe sleeve 110 is provided
with three axially spaced annular grooves in which O-
rings 112a, 112b, 112c are respectively located. Seals
112a, 112b are located proximate each side of the ports
111 when the ports 111 of the toe sleeve 110 are axially
aligned with the ports 521 of the housing 520. Seals 112b,
112c are located proximate each side of the ports 111
when the ports 111 of the toe sleeve 110 cover the ports
521 of the housing 520. A keyway 117 is located on an
inner diameter of the toe sleeve 110 towards its upper
end 113.
[0210] The circulation tool 35 (Figure 6) has an outer
cylindrical housing 420 with four radially equispaced
ports 421 extending through the sidewall. A cylindrical
sandscreen 426 is provided across a portion of the ex-
terior of the housing 420 and extends over the ports 421.
An inner diameter of the housing is provided with an an-
nular recess 427 or enlarged diameter portion extending
between an upper shoulder stop 424 and a lower shoul-
der 429. A kick-down shoulder 422 formed from an in-
clined decreasing inner diameter of the housing 420 is
located adjacent the upper shoulder stop 424.
[0211] A cylindrical circulation sleeve 90 and a stop
sleeve 190 located uphole in use from the circulation
sleeve 90, are positioned within the inner recess 427 of
the housing 420. The circulation sleeve 90 has an upper
end 93 and a lower end 94 and the circulation tool 35 is
located with the lower end 94 closest to the toe end of
the well is use. The lower end 94 of the circulation sleeve
90 initially abuts the lower shoulder 429 and the circula-
tion sleeve 90 is releasably fixed to the housing 420 by
means of shear pins 95. The circulation sleeve 90 has
four radially equispaced ports 91 extending through the
sidewall of the sleeve 90. The circulation sleeve 90 is
initially located and pinned such that the ports 91 of the
circulation sleeve 90 are axially and radially aligned with
the ports 421 formed in the housing 420. Thus the circu-

lation tool 35 provides a flow path from the throughbore
to the exterior of the tubing string.
[0212] An exterior of the circulation sleeve 90 is pro-
vided with three axially spaced annular grooves in which
O-rings 92a, 92b, 92c are respectively located. Seals
92a, 92b are located proximate each side of the ports 91
when the ports 91 of the circulation sleeve 90 are axially
aligned with the ports 421 of the housing 420. Seals 92b,
92c are located proximate each side of the ports 91 when
the ports 91 of the circulation sleeve 90 covers the ports
421 of the housing 420. A keyway 97 is located on an
inner diameter of the circulation sleeve 90 towards its
upper end 93.
[0213] The stop sleeve 190 is also releasably pinned
to the housing 420 by means of shear pins 195. The stop
sleeve 190 is located uphole from the circulation sleeve
90 and spaced therefrom by a similar distance to the
distance between the housing ports 421 and the circula-
tion sleeve ports 91 in the initial pinned position. The stop
sleeve 190 is similarly spaced from the housing upper
stop shoulder 424 by a similar distance. A keyway 197
is located on an inner diameter of the stop sleeve 190
towards its upper end 193.
[0214] The production tool 34 and the fracture tool 33
are the same as those described with reference to the
first embodiment.
[0215] The operation of the fracture system and meth-
od will now be described with reference to the sequential
Figures 9 to 19. In each schematic drawing, the right side
of drawing a) represents the lowermost portion of appa-
ratus in the well, with the right side of figures b) and c)
representing a continuation from the left side of drawing
a) and b) respectively so that the left side of figure c) is
the uppermost part of the apparatus shown in the figures.
[0216] Before operation, the outer tubing and the inner
wash pipe are made up at surface. Components making
up the tubing are connected by conventional threaded
pin and box connections. The lowermost portion of tubing
is blank end pipe 99 that is connected at its upper end
to the toe tool 38. The following outer tubing components
are then interconnected in order for each zone of the
formation that is intended to be fractured: lengths of tub-
ing 37; the circulation tool 35; lengths of tubing 37; the
production tool 34; polished bore receptacle (PBR) 39;
the fracture tool 33; and a packer (not shown). The pol-
ished bore receptacle (PBR) 39 is a portion of tubing
having a reduced inner diameter that is smooth and man-
ufactured to a low tolerance to enable a seal to be effec-
tively formed by a sealing tool placed within the PBR 39.
[0217] While the outer tubing is made up, the inner
wash pipe is simultaneously interconnected within the
outer tubing at surface. Thus the outer tubing and inner
wash pipe are concurrently made up and run downhole.
[0218] The lower end of the inner wash pipe has a shift-
ing tool 470 provided with a lower keyway 372 and an
upper keyway 272 axially spaced from the lower keyway.
Each keyway 372, 272 has a different profile for engaging
a different profile on a downhole tool. Both keyways 372,
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272 are spring biased radially outwardly. Uphole from
the lowermost shifting tool 470, the wash pipe is of solid
cross section up to a seal and bypass portion 600.
[0219] The seal and bypass portion 600 has an inner
bore 637 and an outer enlarged diameter portion 630
provided with an annular seal 631. Four radially equis-
paced lower ports 632 and four radially equispaced upper
ports 635 provide communication with the inner bore 637
of the wash pipe and an inner annulus 16 between the
wash pipe and the interior of the outer tubing. The upper
and lower ports 635, 632 are overlaid with a length of
cylindrical sandscreen 634, 633 respectively. The sand-
screen 633, 634 has mesh gauze arranged to limit the
size of particles that can travel within the inner bore 637
of the wash pipe. Two check valves 636 are located in
the inner bore 637 to allow flow in an uphole direction,
but limit flow in a downhole direction.
[0220] The shifting tool 70 described with reference to
the previous embodiment is located uphole from the seal
and bypass portion 600. The shifting tool 70 shown in
Figure 9b is additionally provided with a bypass flow path
that runs axially between (but not in communication with)
the ports 71 allowing communication with the inner an-
nulus 16 across the seals 77a, 77b. Uphole from the shift-
ing tool 70, the wash pipe has a throughbore 19 that
communicates with surface.
[0221] As the system comprising outer tubing and
washpipe are run downhole (Figure 9), fluid is circulated
within the throughbore of the washpipe. The fluid travels
along the throughbore 19, out through the ports 71 in the
upper shifting tool 70, along the inner annulus 16 between
the washpipe and the interior of the tubing, out through
the open ports 111 of the toe tool 38 and back to surface
along an outer annulus 17 between the exterior of the
tubing and the open hole (not shown). This circulation of
fluid aids travel of the system downhole by lubricating its
passage along the open hole. All other ports 421, 121,
21 of the circulation tool 35, production tool 34 and frac-
ture tool 33 are closed during run in.
[0222] Once the system has reached the desired loca-
tion downhole, tension is applied to the washpipe at sur-
face. The resultant pulling force causes uphole move-
ment of the wash pipe. Keyway 272 is shaped to engage
with the profile 117 of the toe sleeve 110 within the toe
tool 38. At this point an operator at surface registers a
resistance to further movement of the washpipe, which
indicates that the keyway 272 of the lower shifting tool
has engaged with the toe sleeve 110 (Figure 10). The
operator then applies a pulling force to the washpipe suf-
ficient to shear the shear pins 115 retaining the toe sleeve
110 to the housing 520. Shearing of the shear pins 115
and the tensile force applied to the toe sleeve 110 via
the shifting tool 470 causes uphole movement of the toe
sleeve 110 until the upper end 113 of the toe sleeve 110
reaches the shoulder stop 524. Thus, the ports 111 of
the toe sleeve 110 are axially shifted relative to the ports
521 in the housing 520. This misalignment of sealed ports
111, 521 closes the flow path between the interior and

exterior of the tubing. The shoulder stop 524 resists fur-
ther uphole movement of the toe sleeve 110. An upper
profile of the keyway 272 simultaneously meets the kick-
down shoulder 522 which urges the keyway 272 against
its bias in a radially inward direction, thereby releasing
the shifting tool 470 from the toe tool 38.
[0223] Once the toe sleeve 110 is pulled across the
ports 521, and the fluid path is closed, the interior of the
tubing represents a closed system which can be pressu-
rised. Pressure applied from surface builds within the tub-
ing to hydraulically set the open hole packers (not shown)
thereby defining each zone and anchoring the tubing
within the open hole.
[0224] A pulling force applied to the washpipe results
in continued movement uphole until the keyway 72 of the
upper shifting tool 70 engages the profile 97 of the circu-
lation sleeve 90. The operator at surface recognises the
resistance of the wash pipe to further uphole movement
and therefore has a positive indication that the wash pipe
is engaged with the circulation tool 35 (Figure 11). The
operator then applies sufficient tensile force to the wash-
pipe to shear the shear pins 95 and free the circulation
sleeve for uphole movement urged by the engaged shift-
ing tool 70 on the washpipe. When the upper end 93 of
the circulation sleeve 90 meets the lower end 194 of the
stop sleeve 190, further travel of the circulation sleeve
90 is resisted. At this point the sealed ports 91 of the
circulation sleeve 90 are aligned with the ports 421 in the
circulation tool 35 housing 420, thereby opening a flow
path between the inner annulus 16 and the outer annulus
17. The kick down shoulder 198 provided on the stop
sleeve 190 urges the upper profile of the keyway 72 ra-
dially inwardly against the spring bias to disengage the
upper shifting tool 70 from the circulation tool 35.
[0225] The operator at surface applies a pulling force
to the washpipe, which continues uphole movement in
response. As the washpipe moves uphole, the seal and
bypass portion 600 is pulled within the PBR 39 such that
the annular seal 631 forms a seal against an inner surface
of the PBR 631 to substantially restrict fluid flow therepast
(Figure 12).
[0226] Continued uphole pulling of the washpipe
brings the shifting tool 70 within the throughbore of the
fracture tool 33. The operator at surface feels a resistance
to further movement when the keyway 72 of the upper
shifting tool 70 engages the profile 57 of the closing
sleeve 50 (Figure 12). Sufficient tensile force is applied
via the washpipe to shear the shear pins 45 and allow
movement of the sleeve assembly 30 uphole. Movement
of the sleeve assembly 30 continues to align the ports
41, 51 of the sleeve assembly 30 with the ports 21 in the
housing 20 of the fracture tool 33 thereby opening a flow
path between the inner annulus 16 and the outer annulus
17. When the upper end 43, 53 of the sleeve assembly
30 reaches the shoulder stop 28, the sleeve assembly
30 is restricted from further uphole travel.
[0227] The fracture ports 21 and the circulation ports
421 are both open and the outer annulus 17 of the low-

27 28 



EP 3 505 721 A2

16

5

10

15

20

25

30

35

40

45

50

55

ermost zone isolated. The fracturing operation can now
begin (Figure 13). Proppant fracturing fluid is pumped
within the throughbore 19 of the washpipe and is directed
out through the open ports 21 of the fracture tool 33.
Fracturing fluid exiting the fracture ports 21 penetrates
the geological formation of interest and the proppant par-
ticles suspended in the fracturing fluid fill the fissures in
the formation to restrict resealing and prop open the new-
ly formed cracks. Fracturing fluid travels the length of the
zone and can flow through the screened ports 421 of the
circulation tool 35 and along a return path through the
inner annulus 16. The screens 426 surrounding the ports
421 of the circulation tool 35 prevent proppant and par-
ticles of rock above a predetermined size from entering
the throughbore 18 of the tubing. Fracturing fluid return-
ing via the circulation path travels uphole through the
inner annulus 16 and through the lower ports 632 of the
seal and bypass portion 600. The check valves 636 allow
fluid to flow in an uphole direction and therefore the fluid
flows through the check valves 636 within the inner bore
637 and out through the upper ports 635 into the inner
annulus 16. Fluid flows through the port bypass 79 of the
fracture tool 33 and uphole along the inner annulus 16.
After a calculated volume of fracturing fluid has been
pumped downhole, the fracturing operation of zone 1 is
complete.
[0228] Fluid is then pumped down the inner annulus
16 to create a pressure differential between the annulus
16 and the throughbore 19 of the washpipe. The pressure
differential across the seals 82, 83 of the piston 80 is
increased to overcome the bias of the spring 81 and urge
the piston 80 downhole away from the upper shoulder
74 of the shifting tool 70 (Figure 14). Retraction of the
piston 80 allows the locking dog 56 to move radially in-
wardly thereby unlocking the closing sleeve 50 from the
opening sleeve 40.
[0229] A tensile force is applied to the washpipe by an
operator at surface calculated to overcome the force of
the shear pin 55 holding the closing sleeve 50 to the
opening sleeve 40. Thus the shear pin 55 is sheared and
the keyway 72 engaged with the profile 57 on the closing
sleeve 50 translates the axial pulling force to the sleeve
to move it uphole to the shoulder stop 29 (Figure 15).
The act of moving the closing sleeve 50 over the opening
sleeve 40 covers the ports 21, 41 and closes the fluid
flow path to the exterior of the tubing. The upper profile
of the keyway 72 hits the kick down shoulder 22 and
urges the keyway 72 radially inwardly to release the shift-
ing tool 70 from the fracture tool 33.
[0230] Continued upward pulling on the washpipe
moves the shifting tool 70 uphole so that the seals 77a,
77b are no longer in contact with the fracture tool 33
(Figure 16). Fluid is then circulated down the inner an-
nulus 16 and into the throughbore 19 of the washpipe
through the ports 71 in the shifting tool 70. This fluid wash-
es excess sand or proppant back to surface to clear the
throughbore 19 of the washpipe following the fracturing
operation.

[0231] Further pulling on the washpipe moves the shift-
ing tools uphole until the lowermost shifting tool 470 is
pulled within the circulation tool 35. The upper keyway
272 has a profile that is arranged to skip over the profile
97 of the circulation sleeve 90 but engage the profile 197
of the stop sleeve 190 (Figure 17). When the stop sleeve
197 and the shifting tool 470 are engaged, the operator
encounters a resistance at surface. A tensile force great-
er than the rating of the shear pins 195 is applied to the
washpipe and translated to the stop sleeve 190. Thus
the stop sleeve 197 is no longer pinned to the housing
420 and is pulled uphole to the shoulder stop 424. When
the upper profile of the keyway encounters the kick down
shoulder 422, the keyway 272 moves radially inwardly
and disengages the shifting tool 470 from the stop sleeve
190. The lower keyway 372 of the lower shifting tool 470
is identical to the keyway 72 provided on the upper shift-
ing tool 70 and is arranged to engage the profile 97 of
the circulation sleeve 90 (Figure 18). There is now no
longer a stop sleeve 190 restricting further uphole move-
ment of the circulation sleeve 90 and therefore the circu-
lation sleeve 90 is pulled by the washpipe in the uphole
direction thereby closing the sealed ports 421 and the
fluid flow path in the circulation tool 35. The washpipe is
pulled until the circulation sleeve 90 meets the lower end
194 of the stop sleeve 190, at which point the upper profile
of the keyway 372 encounters the kick down shoulder
198 on the stop sleeve 190 and releases the lower shifting
tool 470 from the circulation sleeve 90.
[0232] The fracturing of zone 1 is complete and all the
ports 421, 21 have been closed so that the fracturing
operation of the next zone uphole from the first zone can
commence. The wash pipe is pulled uphole and the lower
shifting tool 470 if pulled out of the tubing in the first zone,
with the keyways 272, 372 skipping off or out of the re-
maining profiles in the production tool 34 and the fracture
tool 33 (Figure 19).
[0233] The method steps are repeated for each and
every successive zone. This method allows mechanical
control of a fracturing operation from surface with the
advantage that the operator remains in full control of the
operation having a positive indication of the location of
the washpipe shifting tools throughout the operation. This
allows a high level of control to be maintained over the
mechanical fracturing operation from surface.
[0234] Once the fracturing operation of all zones is
complete, the wash pipe can be removed from the hole
and the ports 121 of the production tools 34 can be
opened using another shifting tool with a different key-
way. Hydrocarbons can then be produced from the frac-
tured zones.
[0235] A tool assembly 1000 according to another em-
bodiment of the invention is shown in Figures 20 to 26.
The tool assembly 1000 may, for example, but not ex-
clusively, be used in a wellbore system such as the well-
bore system 1 described above.
[0236] As shown in Figure 20, the tool assembly 1000
comprises a lower packer 1002, an upper packer 1004,
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a first downhole tool 1006, a second downhole tool 1008,
a plurality of production tools 1010 and a plurality of
screens 1012. In the illustrated embodiment, the upper
packer 1004, first downhole tool 1006, second downhole
tool 1008 and production tools 1010 form part of a tubular
string 1014 which is run into a borehole, such as the
borehole 2 represented in Figure 1. An actuator 1016 is
provided within the tool assembly 1000, the actuator
1016 disposed on an inner tubular string 1018 which is
run into the borehole 2 with the tubular string 1014 and
which may be withdrawn through the tubular string 1014,
the actuator 1016 being operable to activate the first
downhole tool 1006 and the second downhole tool 1008.
[0237] In use, the lower packer 1002 may be run into
the borehole 2 ahead of the tubular string 1014, the tu-
bular string 1014 comprising a latch 1020 at its distal end
which permits the tubular string 1014 to latch into the
lower packer 1002. As shown in Figure 20, the latch 1020
is provided with seals 1022 which permit the latch 1020
to sealingly engage the lower packer 1002.
[0238] In the illustrated embodiment, the lower packer
1002 takes the form of a sump packer and the upper
packer 1004 comprises a CZI packer from Petrowell Lim-
ited. However, it will be recognised that both the lower
packer 1002 and the upper packer 1004 may comprise
CZI packers or other packers may be used where appro-
priate. Once set, the lower packer 1002 and the upper
packer 1004 may be used to isolate a formation zone,
the lower packer 1002 defining a base at the toe of the
tubular string 1014 which permits an operator to apply
fluid pressure within the tubular string 1014 above the
lower packer 1002.
[0239] The lower packer 1002 has a generally tubular
body 1024 having a nose 1026 at its distalmost end. A
seal 1028 is disposed in a recess 1030 provided in the
outer surface 1032 of the body 1024. The lower packer
1002 also comprises a profiled portion 1034 having a
number of teeth 1036. In the illustrated embodiment, the
teeth 1036 are provided in two sets separated by an an-
nular band or ring 1038.
[0240] A first downhole tool 1006 according to this em-
bodiment is shown in Figures 21a to 21e and comprises
a flow control tool of the tool assembly 1000. The first
downhole tool 1006 takes the form of a sliding sleeve
device.
[0241] The first downhole tool 1006 has an outer hous-
ing 1040, an inner housing 1042 having a lateral flow port
1044 and a sliding sleeve 1046 which in the illustrated
embodiment also has a lateral flow port 1048. In use, the
first downhole tool 1006 is actuable between a closed
configuration in which fluid flow through the flow ports
1044, 1048 is prevented or restricted and an open con-
figuration in which fluid flow through the flow ports 1044,
1048 is permitted.
[0242] The outer housing 1040 of the first downhole
tool 1006 is generally tubular and comprises a body 1050,
an upper end ring 1052 and a lower end ring 1054.
[0243] The body 1050 of the outer housing 1040 has

an inner surface 1056, an outer surface 1058, an upper
end 1060 defining upper end face 1062 and a tapered
lower end 1064 defining lower end face 1066. The outer
surface 1058 defines, or is provided with, a number of
circumferentially spaced and radially extending central-
iser blades 1068 and, in use, the centraliser blades 1068
offset the first downhole tool 1006 from the surrounding
casing or bore wall C. A bore 1070 is provided in the body
1050 towards the lower end 1064, the bore 1068 receiv-
ing a grub screw 1072 which secures the body 1050 to
the lower end ring 1054.
[0244] The upper end ring 1052 of the outer housing
1040 is generally tubular and forms the uphole end of
the first downhole tool 1006 in use (left end as shown in
the figures). The upper end ring 1052 has an inner sur-
face 1074, a stepped outer surface 1076, an upper end
1078 defining upper end face 1080 and lower end 1082
defining lower end faces 1084, 1086, the lower end face
1086 disposed on a flange portion 1088 of the upper end
ring 1052. A groove 1090 is formed in the outer surface
1064 and a seal 1092 is disposed in the groove 1090.
[0245] On assembly, the upper end 1060 of the body
1050 is disposed on the flange portion 1088 of the upper
end ring 1052 and abuts the end face 1084, the seal 1092
preventing leakage between the body 1050 and the up-
per end ring 1052. The upper end face 1080 abuts a
lower end ring of the adjacent production tool 1010, the
upper end ring 1052 of the first downhole tool 1006 and
the lower end ring of the adjacent production tool 1010
joined by a weld connection (not shown) or other suitable
means.
[0246] The lower end ring 1054 of the outer housing
1040 is generally tubular and forms the downhole end of
the first downhole tool 1006 in use (right end as shown
in the figures). The lower end ring 1054 has a stepped
inner surface 1094, an outer surface 1096, a lower end
1098 defining lower end face 1100 and an upper end
1102 defining upper end faces 1104, 1106, the upper
end face 1104 disposed on a flange portion 1108 of the
lower end ring 1054. A groove 1110 is formed in the outer
surface 1096 and a seal 1112 is disposed in the groove
1110. In addition, a bore 1114 is provided in the lower
end ring 1054, the bore 1114 receiving the grub screw
1072.
[0247] On assembly, the lower end 1064 of the body
1050 is disposed on the outer surface 1096 of the lower
end ring 1054, the grub screw 1072 securing the body
1050 to the lower end ring 1054 and the seal 1112 pre-
venting leakage between the body 1050 and the lower
end ring 1054.
[0248] The inner housing 1042 of the first downhole
tool 1006 is disposed radially inwards of the outer housing
1040 and the inner housing 1042 and the outer housing
1040 are radially spaced so as to provide a tool annulus
1116 therebetween. As shown most clearly in Figure 21c,
the annulus 1116 terminates at the lower end ring 1054.
[0249] In the illustrated embodiment, the inner housing
1042 is modular in construction having a first module
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1118, a second module 1120 having the lateral flow port
1044, a third module 1122, a fourth module 1124 and a
fifth module 1126. On assembly, the modules 1118,
1120, 1122, 1124 and 1126 define an axial throughbore
1117 of the first downhole tool 1006. Providing a number
of separate modules simplifies manufacture of the inner
housing 1042. However, it will be recognised that the
inner housing 1042 may alternatively comprise a unitary
component.
[0250] As shown in Figure 21a, a recess 1128 is pro-
vided in the inner housing 1042, the recess 1128 formed
in the second module 1120 of the inner housing 1042.
The recess 1128 is bounded by an upper shoulder 1130
and a lower shoulder 1132, the recess 1128 accommo-
dating axial movement of the sliding sleeve 1046 in use.
[0251] Collet grooves 1134 are also formed in the inner
housing 1042 for receiving collet fingers of the sliding
sleeve 1046 in use.
[0252] A lower end face 1136 of the third module 1122
of the inner housing 1042 defines an angled shoulder
1138.
[0253] A second recess 1140 is provided in the inner
housing 1042, the second recess 1140 formed between
the third module 1122 and fourth module 1124 of the
inner housing 1042 and receiving an identifier in the form
of an electromagnetic coil 1142.
[0254] The sliding sleeve 1046 is generally tubular in
construction and is disposed in the recess 1128 of the
inner housing 1042. The sliding sleeve 1046 has an inner
surface 1144, an outer surface 1146, an upper end 1148
defining upper end face 1150 and a lower end 1152 de-
fining lower end face 1154. Grooves 1156 are formed in
the outer surface 1146 of the sleeve 1046 on either side
of the flow port 1048, each groove 1156 receiving a seal
1158. In use, the seals 1158 prevent fluid bypass be-
tween the inner housing 1042 and the sleeve 1046.
[0255] A collet 1160 is formed in the sleeve 1046, the
collet 1160 having a plurality of circumferentially ar-
ranged fingers 1162 configured to engage the collet
grooves 1134 in the inner housing 1042.
[0256] A profile in the form of keyway profile 1164 is
formed in the inner surface 1144 of the sleeve 1046, the
keyway 1164 configured for engagement with the actu-
ator 1016 to move the first downhole tool 1006 from a
closed configuration in which fluid passage between the
tool annulus and the axial throughbore is prevented to
an open configuration in which fluid passage between
the tool annulus and the axial throughbore is permitted.
[0257] The sleeve 1046 is initially axially restrained rel-
ative to the inner housing 1042 by a retainer in the form
of one or more shear pin 1166, the shear pin 1166 se-
curing the sleeve 1046 relative to the inner housing 1042
until a sufficient actuation force is applied to shear the
pin 1166, as described further below.
[0258] A second downhole tool 1008 according to this
embodiment is shown in Figures 22a to 22c and com-
prises a fracture tool of the tool assembly 1000. The sec-
ond downhole tool 1008 also takes the form of a sliding

sleeve device.
[0259] The fracture tool 1008 has a housing 1168 hav-
ing a number of circumferentially arranged flow ports or
fracture ports 1170 extending therethrough, and a sliding
sleeve 1172 which in the illustrated embodiment also has
a lateral flow port 1174. In use, the fracture tool 1008 is
actuable between a closed configuration in which fluid
flow through the ports 1170, 1174 is prevented or restrict-
ed and an open configuration in which fluid flow through
the flow ports 1170, 1174 is permitted.
[0260] The housing 1168 of the fracture tool 1008 is
generally tubular and in the illustrated embodiment is
modular in construction having a first module 1176, a
second module 1178, a third module 1180, a fourth mod-
ule 1182, and a fifth module 1184. On assembly, the mod-
ules 1176, 1178, 1180, 1182 and 1184 define an axial
throughbore 1186 of the fracture tool 1008. Providing a
number of separate modules simplifies manufacture of
the fracturing tool 1008. However, it will be recognised
that the housing 1168 may alternatively comprise a uni-
tary component.
[0261] In the illustrated embodiment, the fracture ports
1170 are provided in the first module 1176 and are angled
relative to the longitudinal axis of the tool 1008 so as to
direct fluid in a downhole direction in use (to the right as
shown in the figures).
[0262] As shown most clearly in Figure 22b, a recess
1188 is provided in an inner surface 1190 of the housing
1244, the recess 1188 formed between the first module
1176 and the second module 1178. The recess 1188 is
bounded by an upper shoulder 1190 and a lower shoulder
1192, the recess 1188 accommodating axial movement
of the sliding sleeve 1172 in use.
[0263] Collet grooves 1194 are also formed in the inner
surface 1190 of the housing 1168 for receiving collet fin-
gers of the sliding sleeve 1172 in use.
[0264] A lower end face 1196 of the third module 1180
of the housing 1168 defines an angled shoulder 1198.
[0265] A second recess 1200 is provided in the housing
1168, the second recess 1200 formed between the sec-
ond module 1178 and the third module 1180 of the hous-
ing 1168 and receiving an identifier in the form of an elec-
tromagnetic coil 1202.
[0266] The sliding sleeve 1172 is generally tubular in
construction and is disposed in the recess 1188 of the
housing 1168. The sliding sleeve 1172 has an inner sur-
face 1204, an outer surface 1206, an upper end 1208
defining upper end face 1210 and a lower end 1212 de-
fining lower end face 1214. The lower end 1212 of the
sleeve 1172 also defines an angled shoulder 1216.
[0267] Grooves 1218 are formed in the outer surface
1206 of the sleeve 1172 on either side of the flow ports
1170, each groove 1218 receiving a seal 1220. In use,
the seals 1220 prevent fluid bypass between the housing
1168 and the sleeve 1172.
[0268] A collet 1222 is formed in the sleeve 1172, the
collet 1222 having a plurality of circumferentially ar-
ranged fingers 1224 configured to engage the collet
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grooves in the housing 1168.
[0269] A profile in the form of keyway profile 1226 is
formed in the inner surface 1204 of the sleeve 1172, the
keyway 1226 configured for engagement with the actu-
ator 1016 to move the fracture tool 1008 from the closed
configuration and the open configuration.
[0270] The sleeve 1172 is initially axially restrained rel-
ative to the housing 1168 by a retainer in the form of one
or more shear pin 1228, the shear pin 1228 securing the
sleeve 1172 relative to the housing 1168 until a sufficient
actuation force is applied to shear the pin 1228, as de-
scribed further below.
[0271] In the illustrated embodiment, a cowell 1230 is
formed or otherwise provided on the housing 1168, the
cowell 1230 assisting in directing fluid in a downhole di-
rection (to the right as shown in the figures).
[0272] A production tool 1010 according to this embod-
iment of the invention is shown in Figures 23a to 23e.
The production tool 1010 takes the form of a sliding
sleeve device. In the illustrated embodiment, three pro-
duction tools 1010 are provided, although it will be rec-
ognised that any number of production tools 1010 may
be provided as required.
[0273] The production tool 1010 has an outer housing
1232, an inner housing 1234 having a lateral flow port
1236 and a sliding sleeve 1238 which in the illustrated
embodiment also has a lateral flow port 1240. In use, the
production tool 1010 is actuable between a closed con-
figuration in which fluid flow through the flow ports 1236,
1240 is prevented or restricted and an open configuration
in which fluid flow through the flow ports 1236, 1240 is
permitted.
[0274] The outer housing 1232 of the production tool
1006 is generally tubular and comprises a body 1242, an
upper end ring 1244 and a lower end ring 1246.
[0275] The body 1242 of the outer housing 1232 has
an inner surface 1248, an outer surface 1250, an upper
end 1252 defining upper end face 1254 and a tapered
lower end 1256 defining lower end face 1258. The outer
surface 1250 defines, or is provided with, a number of
circumferentially spaced and radially extending central-
iser blades 1260 and, in use, the centraliser blades 1260
offset the production tool 1010 from the surrounding cas-
ing or bore wall C. A bore 1262 is provided in the body
1242 towards the lower end 1256, the bore 1262 receiv-
ing a grub screw 1264 which secures the body 1242 to
the lower end ring 1246.
[0276] The upper end ring 1244 is generally tubular
and forms the uphole end of the production tool 1010 in
use (left end as shown in the figures). The upper end ring
1244 has an inner surface 1266, a stepped outer surface
1268, an upper end 1270 defining upper end face 1272
and lower end 1274 defining lower end faces 1276, 1278,
the lower end face 1278 disposed on a flange portion
1280 of the upper end ring 1244. A groove 1282 is formed
in the outer surface 1268 and a seal 1284 is disposed in
the groove 1282.
[0277] On assembly, the upper end 1252 of the body

1242 is disposed on the flange portion 1280 of the upper
end ring 1244 and abuts the end face 1276, the seal 1284
preventing leakage between the body 1242 and the up-
per end ring 1244. The upper end face 1272 abuts a
lower end ring of the adjacent production tool 1010 (or
in the case of the uppermost production tool, the lower
end of the fracture tool 1008), the upper end ring 1244
of the production tool 1010 and the lower end ring of the
adjacent production tool 1010 (or fracture tool 1008)
joined by a weld connection (not shown) or other suitable
means.
[0278] The lower end ring 1246 is generally tubular and
forms the downhole end of the production tool 1010 in
use (right end as shown in the figures). The lower end
ring 1246 has a stepped inner surface 1286, an outer
surface 1288, a lower end 1290 defining lower end face
1292 and an upper end 1294 defining upper end faces
1296, 1298, the upper end face 1296 disposed on a
flange portion 1300 of the lower end ring 1246. A groove
1302 is formed in the outer surface 1288 and a seal 1304
is disposed in the groove 1302. In addition, a bore 1306
is provided in the lower end ring 1246, the bore 1306
receiving the grub screw 1264.
[0279] On assembly, the lower end 1256 of the body
1242 is disposed on the outer surface 1288 of the lower
end ring 1246, the grub screw 1264 securing the body
1242 to the lower end ring 1246 and the seal 1304 pre-
venting leakage between the body 1242 and the lower
end ring 1246.
[0280] The inner housing 1234 of the production tool
1010 is disposed radially inwards of the outer housing
1232 and the inner housing 1234 and the outer housing
1232 are radially spaced so as to provide a tool annulus
1308 therebetween. As shown, the annulus 1308 ex-
tends through the entire production tool 1010.
[0281] In the illustrated embodiment, the inner housing
1234 is modular in construction having a first module
1310, a second module 1312, a third module 1314 having
the lateral flow port 1240, a fourth module 1316 and a
fifth module 1318. On assembly, the modules 1310,
1312, 1314, 1316 and 1318 define an axial throughbore
1320 of the production tool 1010. Providing a number of
separate modules simplifies manufacture of the produc-
tion tool 1010. However, it will be recognised that the
inner housing 1234 may alternatively comprise a unitary
component.
[0282] As shown in Figure 23, a recess 1322 is provid-
ed in the inner housing 1234, the recess 1322 formed
between the second, third and fourth modules 1312,
1314, 1316 of the inner housing 1234. The recess 1322
is bounded by an upper shoulder 1324 and a lower shoul-
der 1326, the recess 1322 accommodating axial move-
ment of the sliding sleeve 1238 in use.
[0283] The sliding sleeve 1238 is generally tubular in
construction and is disposed in the recess 1322 of the
inner housing 1234. The sliding sleeve 1238 has an inner
surface 1328, an outer surface 1330, an upper end 1332
defining upper end face 1334 and a lower end 1336 de-
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fining a lower end face 1338. Grooves 1340 are formed
in the outer surface 1330 of the sleeve 1238, each groove
1340 receiving a seal 1342. In use, the seals 1342 pre-
vent fluid bypass between the inner housing 1234 and
the sleeve 1238.
[0284] A profile in the form of keyway profile 1344 is
formed in the inner surface 1328 of the sleeve 1238, the
keyway 1344 configured for engagement with an actuator
to move the production tool 1010 from a closed configu-
ration in which fluid passage between the tool annulus
and the axial throughbore is prevented to an open con-
figuration in which fluid passage between the tool annu-
lus and the axial throughbore is permitted. In some em-
bodiments, the production tool 1010 may be configured
for activation by the actuator 1016, in which case the
keyway 1344 will correspond to the keyways of the first
and/or second downhole tools 1006, 1008. However, in
the illustrated embodiment, the keyway 1344 defines a
different profile from that of the keyways of the first and/or
second downhole tools 1006, 1008, such that the actu-
ator 1016 can pass over the production tool 1010 without
activating it.
[0285] An actuator 1016 according to this embodiment
is shown in Figures 24a to 24c and comprises a shifting
tool of the tool assembly 1000. As described above, the
shifting tool 1016 is disposed on an inner tubular string
1018 which is run into a borehole, such as the borehole
2, with the tubular string 1014 and which may be with-
drawn through the tubular string 1014. In the illustrated
embodiment, the inner tubular string 1018 comprises a
washpipe string, although other conveyance means may
be used where appropriate.
[0286] The shifting tool 1016 comprises a mandrel
1346 having a fluid flow path 1348 therethrough and hav-
ing a lateral flow port 1350, an upper keyway assembly
1352, a lock assembly 1354 operatively associated with
the upper keyway assembly 1352 and a lower keyway
assembly 1356 axially spaced from the upper assembly
1352.
[0287] The upper keyway assembly 1352 is located in
a recess 1358 in the mandrel 1346 and is positioned
downhole of the lateral flow port 1350. The upper keyway
assembly 1352 comprises a shifting key 1360 and, in
use, the key 1360 is moveable between a radially retract-
ed position and a radially extended position. The key
1360 is biased radially outwards by springs 1362 (two
springs 1362 are shown). Each key 1360 is disposed in
a seat 1364 provided in the recess 1358, the downhole
seat surface 1366 defines a wedge profile. An outer sur-
face 1368 of the key 1360 is profiled and, in use, engages
the corresponding keyway profiles in each of the first
downhole tool 1006 and the fracturing tool 1008, as will
be described further below.
[0288] An annular collar 1370 is disposed around and
is axially moveable relative to the mandrel 1346, the collar
1370 arranged to partially extend over a downhole end
1372 of the key 1360, an uphole end 1374 of the collar
1370 extending over ledges 1376, 1378 provided in an

outer surface 1368 of key 1360 to retain the key 1360 in
the recess 1358. The ledges 1376, 1378 are arranged
so that when the collar 1370 is positioned over the upper
ledge 1376, the key 1360 is retained in the radially re-
tracted position and when the collar 1370 is positioned
over the lower ledge 1378 the key 1360 is retained in the
radially extended position. The mandrel 1346 also de-
fines a flange or lip 1380 which extends in a downhole
direction over a flange 1382 provided on the key 1360,
the lip 1380 and flange 1382 also acting to retain the key
1360 in the recess 1358.
[0289] The collar 1370 is biased towards a first axial
position relative to the mandrel 1346 by a spring 1384,
in which position the collar 1370 extends over the upper
ledge and so retains the key 1360 in the radially retracted
position. The collar 1370 may be moved from the first
axial position to a second axial position against the bias
of the spring 1384 by directing fluid into a chamber 1386
defined between the collar 1370 and the mandrel 1346.
The chamber 1386 is isolated by seals 1388 provided in
grooves 1390 on either side of the chamber 1386 and
receives fluid via a passage 1392. In the illustrated em-
bodiment, one of the seals 1388 is disposed in the man-
drel 1346 and the other seal 1388 is disposed in the collar
1370. However, it will be recognised that the seals 1388
may both be disposed in the collar 1370 or both in the
mandrel 1346, where required. In use, and as will be
described further below, fluid directed in the chamber
1386 urges the collar 1370 axially away from the key
1360 and so permits the key 1360 to move from its radially
retracted position to its radially extended position.
[0290] A control system having a control unit 1394 is
operatively associated with the shifting tool 1016, the
control system acting to control fluid passage to the
chamber 1386 and so control the position of the collar
1370 and thus the shifting key 1360.
[0291] An indicator 1396 is operatively associated with
or forms part of the control system and, in the illustrated
embodiment, the indicator 1396 takes the form of an elec-
tromagnetic element, specifically an electromagnetic in-
ductance coil. The coil is mounted in a recess 1398 in
the mandrel 1346 and is configured for electromagnetic
coupling to the indicators of the first downhole tool 1006
and the fracture tool 1008.
[0292] In use, and as will be described further below,
the control system receives an indication in the form of
an induced signal from the indicator 1396 to indicate that
the shifting tool 1016 has passed the indicator of one of
the downhole tools 1006, 1008, the control system initi-
ating the flow of fluid into the chamber 1386 to shift the
collar 1370 and permit the key 1360 to move from its
radially retracted position to its radially extended position.
[0293] The lock assembly 1354 is located downhole of
the upper keyway assembly 1352 and comprises a first,
upper, set of circumferentially spaced dogs 1400 and a
second, lower, set of circumferentially spaced dogs 1402.
The dogs 1400, 1402 are initially supported in a radially
extended position on a sliding sleeve 1404 which in turn
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is supported on a piston assembly 1406 disposed in a
recess 1408 provided in the mandrel 1346.
[0294] In use, movement of the piston assembly 1406
first de-supports the upper dogs 1400 so that the dogs
1400 move from a radially extended position to a radially
retracted position. Movement of the piston assembly
1406 then de-supports the second set of dogs 1402 so
that these dogs 1402 move from a radially extended po-
sition to a radially retracted position.
[0295] A power source, in the illustrated embodiment,
a battery pack 1408 is also provided, together with a fluid
pump for directing fluid into the chamber 1386.
[0296] In the illustrated embodiment, the shifting tool
mandrel 1016 is modular in construction. Providing a
number of separate modules simplifies manufacture of
the shifting tool. However, it will be recognised that the
shifting tool may alternatively comprise a unitary compo-
nent.
[0297] The lower keyway assembly is of substantially
the same construction as the upper keyway assembly
and operates in the same manner to the upper keyway
assembly. In use, the lower keyway assembly is axially
spaced from the upper keyway assembly to that after the
upper keyway has closed the fracture tool 1008 and is
move uphole, the lower keyway will engage the keyway
profile of the first downhole tool 1006 to move the first
downhole tool from the open configuration to the closed
configuration.
[0298] Operation of this embodiment of the invention
will now be described with reference to Figures 20a to
24c and also to Figures 25a to 25o.
[0299] With reference again to Figure 20, the lower
packer 1002 is run into the borehole on a work string. On
reaching the required depth, the lower packer 1002 is set
to define a base at the toe of the completion which pro-
vides a known depth and permits an operator to apply
fluid presssure above the packer 1002.
[0300] Once the lower packer 1002 has been set, the
work string is withdrawn to surface (not shown) and the
tool assembly 1000 comprising the tubular string 1014
and the inner tubular string 1016 are run into the bore-
hole. During run-in, fluid is circulated through the assem-
bly 1000 to assist in the discharge of any debris and to
lubricate the assembly 1000 as it progresses.
[0301] The assembly 1000 is then stabbed into the low-
er packer 1002, the latch 1020 engaging the lower packer
1002 to secure the assembly 1000 to the lower packer
1002, as shown in Figure 20. Once located in the lower
packer 1002, the operator is able to apply fluid pressure
within the assembly 1000 where required.
[0302] Next, the upper packer 1004 is set, such that
the upper packer 1004 and the lower packer 1002 isolate
a formation zone to be treated.
[0303] As shown in Figure 20, the first downhole tool
1006, the fracture tool 1006 and production tools 1010
are all in their respective closed configuration.
[0304] As described above, the shifting tool 1016 is
provided within the tool assembly 1000, the shifting tool

1016 disposed on the inner tubular string 1016 and op-
erable to perform operations on the first downhole tool
1006 and the fracture tool 1008.
[0305] Applying a first tensile force from surface shifts
the shifting tool 1016 uphole (to the left as shown on the
figures) until the electromagnetic element 1396 of the
shifting tool 1016 passes the electromagnetic element
1142 disposed within the first downhole tool 1006. On
passing through the electromagnetic element 1142, the
control unit 1394 on the shifting tool 1016 actuates the
upper keyway assembly 1352 from its initial radially re-
tracted configuration to its radially extended position. As
described above, this is achieved by directing hydraulic
fluid into the chamber 1386 defined between the collar
1370 and the mandrel 1346 of the shifting tool 1016,
causing the collar 1370 to shift downhole (to the right as
shown on the figures) and against the action of the spring
1384. The collar 1370 thus uncovers the key 1360 which
extends radially outwards under the action of the springs
1362 from the radially retracted position to the radially
extended position. With the upper keyway assembly
1352 in its radially extended position, the key 1360 will
engage the corresponding keyway profile 1164 in the
sliding sleeve 1046 of the first downhole tool 1006. With
the key 1360 engaged with the corresponding keyway
profile 1164, continued upward movement of the shifting
tool 1016 shears the shear pin 1166 permitting the sliding
sleeve 1046 to move. As the dogs 1400 are in their initial
radially extended position, movement of the sliding
sleeve 1046 is limited since the dogs 1400 will engage
the shoulder 1138, this distance corresponding to the
distance required to shift the lateral flow port of the sliding
sleeve 1046 into alignment with the lateral flow port 1044.
The engagement between the upper lock dog and the
shoulder provides a positive indication to the operator at
surface that the first downhole tool has been moved to
its open configuration.
[0306] Thus, the first downhole tool 1006 is moved
from its initial closed configuration to an open configura-
tion permitting passage of fluid between the tool annulus
1116 and the axial throughbore 1117.
[0307] In order to disengage the dogs 1400, fluid in the
chamber 1386 is bled off causing the collar 1370 to move
in an uphole direction relative to the mandrel 1346 (to
the left as shown in the figures). Under the action of the
spring 1384, the collar 1370 engages the key 1360 mov-
ing the key 1360 from the radially extended position to
the radially retracted position.
[0308] Reference is now made in particular to Figures
25a to 25e which show operation of the fracture tool 1008
by the shifting tool 1016.
[0309] Applying a further tensile force from surface
shifts the shifting tool 1016 uphole (to the left as shown
on the figures) until the electromagnetic element 1396 of
the shifting tool 1016 passes the electromagnetic ele-
ment 1202 disposed within the fracture tool 1008, as
shown in Figures 25a to 25c.
[0310] On passing through the electromagnetic ele-
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ment 1202, the control unit 1394 on the shifting tool 1016
actuates the upper keyway assembly 1352 from its initial
radially retracted configuration to its radially extended
configuration. As above, this is achieved by directing hy-
draulic fluid into the chamber 1386 defined between the
collar 1370 and the mandrel 1346, causing the collar
1370 to shift downhole relative to the mandrel 1346 (to
the right as shown on the figures) and against the action
of the spring 1384. The collar 1370 thus uncovers the
key 1360 which extends radially outwards under the ac-
tion of the springs 1362.
[0311] With the upper keyway assembly 1352 in its ra-
dially extended position, the key 1360 will engage the
corresponding keyway profile 1226 in the sliding sleeve
1172 of the fracture tool 1008 as shown in Figures 25d
to 25f.
[0312] As shown in Figures 25g to 25i, with the key
1360 engaged with the corresponding profile 1226, con-
tinued upward movement of the shifting tool 1016 shears
the shear pin 1228 permitting the sliding sleeve 1172 to
move. As the dogs 1400 are in their radially extended
position, movement of the sliding sleeve 1172 of the frac-
ture tool 1008 is limited since the dogs 1400 will engage
the shoulder 1198, this distance corresponding to the
distance required to shift the lateral flow port 1174 into
alignment with the lateral flow ports 1170 of the fracture
tool 1008. With the fracture tool 1008 in the open config-
uration, fracturing fluid may be directed through the as-
sembly 1000 and into the formation.
[0313] Once the fracturing operation has been com-
pleted and it is desired to close the fracture tool 1008,
fluid is directed to the uphole side of the floating piston
1406 causing the piston 1406 to shift downhole (to the
right as shown in the figures) to de-support the dogs
1400, as shown in Figures 25j to 25l. With the upper
keyway assembly still engaged with the sleeve 1172 and
the dogs 1400 now in their retracted position, uphole
movement of the shifting tool 1016 shifts the sleeve 1172
from its first position to a second position in which the
upper end face of the sleeve abuts the shoulder 1190.
The key 1360 is then retracted permitting uphole move-
ment of the shifting tool 1016 relative to the fracture tool
1008 until the lower locking dogs 1402 - which are in their
radially extended position - engage the shoulder 1198,
again providing a positive indication to an operator at
surface, as shown in Figures 25n to 25o.
[0314] Fluid may then be directed to the downhole side
(left side as shown in the figures) of the floating piston
1406 de-supporting the dogs 1402 and moving the dogs
1402 from their radially extended position to their radially
retracted position. With the upper keyway assembly and
both the upper lock dog and the lower lock dog in their
radially retracted positions, the shifting tool 1016 may be
moved uphole relative to the fracture tool 1008 which is
now in its closed position.
[0315] Reference is now made to Figures 26a to 26f,
which show the first downhole tool 1006 during operation
of the assembly 1000.

[0316] Figure 26a shows the first downhole tool during
location of the assembly 1000 in the borehole. In this
configuration, the first downhole tool defines a closed
configuration preventing or restricting passage of fluid
through the flow ports which are misaligned.
[0317] Figure 26b shows the first downhole 1006 after
the tool 1006 has been move from the closed configura-
tion shown in Figure 26a to the open configuration in
which the ports are aligned.
[0318] Figure 26c shows the first downhole tool 1006
during the fracturing operation. As shown, during the frac-
turing operation any fluid returns will enter through the
lowermost screen 1012 passing into the tool annulus
1116 into the throughbore 1117 where it can be returned
to surface.
[0319] Finally, the first downhole tool 1006 is closed
by the lower keyway assembly 1356 of the shifting tool
1016, which operates in a similar manner as to the upper
keyway assembly, as shown in Figures 26d to 26f.
[0320] With the fracture tool 1008 and the first down-
hole tool 1006 now both closed, the shifting tool 1016
may be withdrawn to surface.
[0321] It will be recognised that the while the terms
upper, lower, uphole and downhole have been used, one
or more of the tools may alternatively be disposed in other
orientations, where required.
[0322] It should be understood that the embodiments
described herein are merely exemplary and that various
modifications may be made thereto without departing
from the scope of the invention.
[0323] For example, rather than using wash pipe to
suspend the mechanical actuator, coiled tubing, wireline
or workstring could be used to transport the shifting tools
downhole and subsequently actuate successive fractur-
ing and production tools.
[0324] The system and mechanical actuator can be
used to actuate other downhole tools and cause other
downhole operations as well as or instead of the fractur-
ing operation.
[0325] The method and apparatus can be used for
cased as well as open hole applications.

CLAUSES

[0326]

1. A method for operating a downhole tool, the meth-
od comprising the steps of:

(a) locating an actuator downhole from a down-
hole tool;
(b) pulling the actuator uphole;
(c) engaging the downhole tool with the actuator;
(d) pulling the actuator uphole to perform a first
operation of the downhole tool;
(e) changing the configuration of at least one of
the downhole tool and the actuator; and
(f) pulling the actuator to perform a second op-
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eration of the downhole tool.

2. The method according to clause 1, comprising the
additional step of:
(g) maintaining a body of the actuator in tension
throughout steps (b) - (f).

3. The method according to clause 1 or clause 2,
including the additional step of:
(g) maintaining the string in tension throughout steps
(b) - (f).

4. The method according to clause 3, wherein step
(g) can include maintaining a minimum force on the
string of between 0lbs (0N) and 20,000lbs (90kN)
throughout steps (b) - (f).

5. The method according to clause 3 or clause 4,
whereby step (g) includes maintaining a minimum
force on the string of at least 20lbs (89N) throughout
steps (b) - (f).

6. The method according to any preceding clause,
including the steps of providing a plurality of down-
hole tools arranged in series and successively op-
erating the downhole tools by repeating steps (b) -
(g).

7. The method according to clause 6, whereby the
string is continuously maintained in tension through-
out operation of the plurality of downhole tools.

8. The method according to any preceding clause,
including providing co-operable engagers on each
of the at least one of the downhole tools and the
actuator such that pulling the actuator in an uphole
direction within the throughbore of the downhole tool
engages the downhole tool and the actuator.

9. The method according to any preceding clause,
including pulling the string with a predetermined min-
imum force to perform a first operation of the down-
hole tool.

10. The method according to clause 9, including ap-
plying a predetermined minimum force to the sting
in the range between 9,000lbs (40kN) and 15,000lbs
(67kN).

11. The method according to any preceding clause,
wherein the first operation of step (d) includes mov-
ing a first portion of the downhole tool relative to a
second portion of the downhole tool.

12. The method according to any preceding clause,
wherein the first operation of step (d) includes open-
ing a circulation path downhole.

13. The method according to clause 12, following
step (d), further including pumping fracturing fluid
downhole and directing fracturing fluid out through
at least one port of the downhole tool.

14. The method according to any preceding clause
prior to step (e), including locking the actuator and
the downhole tool in a configuration in which per-
formance of the second operation is restricted.

15. The method according to clause 14, including
circulating fluid downhole and thereby unlocking the
actuator and the downhole tool.

16. The method according to any preceding clause,
including circulating fluid downhole in step (e) to
cause a pressure differential across a portion of at
least one of the downhole tool or the actuator to
thereby change the configuration of the downhole
tool or actuator.

17. The method according to any preceding clause,
wherein step (d) includes circulating fluid in an an-
nulus between an inner diameter of the downhole
tool and an outer portion of the string.

18. The method according to any preceding clause,
including pulling the string with a predetermined min-
imum force to perform the second operation of the
downhole tool.

19. The method according to clause 18, including
applying a predetermined minimum force to the sting
in the range between 9,000lbs (40kN) and 15,000lbs
(67kN).

20. The method according to any preceding clause,
wherein the operation of step (f) includes moving a
third portion of the downhole tool relative to a fourth
portion of the downhole tool.

21. The method according to any preceding clause,
wherein the operation of step (f) includes closing a
fluid flow path in the downhole tool.

22. The method according to any preceding clause,
wherein step (h) includes pulling on the string and
thereby disengaging the actuator from the downhole
tool.

23. A system for operating a downhole tool, the sys-
tem comprising,
an actuator for coupling to a string, the actuator con-
figured to pass through a downhole tool, wherein the
actuator is selectively engagable with the downhole
tool, such that in an engaged position a predeter-
mined minimum tensile force applied to the actuator
is transferred to the downhole tool to perform a first
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operation and a second operation, and
a lock provided on at least one of the downhole tool
and the actuator, wherein the lock is operable be-
tween an activated configuration in which perform-
ance of the second operation of the downhole tool
is restricted and a deactivated configuration, wherein
the lock is activated on performance of the first op-
eration of the tool and deactivated by changing the
configuration of at least one of the actuator and the
downhole tool.

24. The system according to clause 23, wherein a
body of the actuator is arranged to be maintained in
tension throughout the operation of the downhole
tool.

25. The system according to clause 23 or clause 24,
wherein the actuator is configured to operate a plu-
rality of downhole tools.

26. The system according to any of clauses 23 to
25, wherein the lock is activated on initial engage-
ment of the actuator and the downhole tool.

27. The system according to any of clauses 23 to
26, wherein the lock is deactivated by a pressure
differential controllable by circulation of fluid down-
hole.

28. The system according to any of clauses 23 to
27, wherein the a downhole tool and actuator are
provided with co-operable engagers for selective en-
gagement.

29. The system according to clause 28, wherein the
co-operable engagers are arranged to engage the
downhole tool and the actuator in a first uphole di-
rection.

30. The system according to any of clauses 23 to
29, wherein the first and second operations of the
downhole tool are performed in response to a tensile
force above a predetermined force.

31. The system according to any of clauses 23 to
30, wherein the first operation of the tool causes a
first portion of the tool to move relative to a second
portion of the tool.

32. The system according to any of clauses 23 to
31, wherein the first operation of the tool causes a
circulation path to open in the downhole tool.

33. The system according to any one of clauses 23
to 32, wherein the second operation of the tool caus-
es a third portion the tool to move relative to a fourth
portion of the tool.

34. The system according to any one of clauses 23
to 33, wherein the second operation of the tool caus-
es a flow path between the throughbore and the ex-
terior of the downhole tool to close.

35. An actuator for operating a downhole tool com-
prising,
a coupling means for coupling the actuator to a string,
an engager co-operable with an engager on the
downhole tool such that a tensile force applied to the
actuator in use is translated to the downhole tool to
perform a first operation and a second operation of
the downhole tool,
the actuator further comprising an actuator lock por-
tion that is operable between an activated configu-
ration following performance of the first operation to
resist performance of the second operation of the
downhole tool, and a deactivated configuration in
which performance of the second operation is no
longer restricted, and
wherein a body of the actuator is arranged to be
maintained in tension in use.

36. A downhole tool arranged for operation by an
actuator, the downhole tool comprising,
an engager co-operable with an engager on the ac-
tuator such that application of a predetermined min-
imum tensile force to the actuator in use is translated
to the downhole tool to perform a first operation and
a second operation of the downhole tool,
the downhole tool further comprising a downhole tool
lock portion that is operable between an activated
configuration following performance of the first op-
eration to resist performance of the second operation
of the downhole tool, and a deactivated configuration
in which performance of the second operation is no
longer restricted.

37. A method for fracturing a formation including the
steps of:

(a) coupling a mechanical shifting tool to a string
and locating the shifting tool downhole;
(b) applying a tensile force to the string and shift-
ing tool to open at least one fracturing fluid flow
path;
(c) pumping fracturing fluid downhole along the
fracturing fluid flow path to thereby fracture a
formation; and
(d) applying a tensile force to the string and the
shifting tool to close the fluid flow path.

38. The method according to clause 37, including
maintaining a body of the mechanical shifting tool in
tension throughout steps (b) - (d).

39. The method according to clause 37 or clause 38,
including maintaining the string in tension throughout
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steps (b) - (d).

40. The method according to any of clauses 37 to
39, including fracturing a formation in a plurality of
zones by repeating steps (b) - (d) for successive
zones.

41. The method according to any of clauses 37 to
40, including the steps of:

locating an alternative selective circulation path
downhole along the tubing;
coupling a second shifting tool to the string and
locating the second shifting tool downhole from
the first shifting tool;
applying a tensile force to the string and shifting
tools to open the circulation path with the first
shifting tool;
flowing fluid along the alternative circulation
path; and
applying a tensile force to the string and shifting
tools to close the alternative circulation path with
the second shifting tool.

42. The method according to clause 41, wherein the
alternative circulation path is a reverse circulation
path and the step of flowing fluid along the alternative
circulation path includes returning at least some frac-
turing fluid to surface.

43. The method according to any of clauses 37 to
42, including restricting performance of step (d) until
fluid is circulated within the annulus between the
string and the tubing.

44. A downhole completion method, comprising:

deploying a downhole system into a wellbore,
wherein the downhole system includes a com-
pletion system and an activator tool mounted
within the completion system; and
withdrawing the activator tool from the comple-
tion system to operate at least a portion of the
completion system.

45. A downhole completion system, comprising:
a downhole system deployable into a wellbore,
wherein the downhole system includes a completion
system and an activator tool mounted within the com-
pletion system, wherein the activator tool is config-
ured to be withdrawn from the completion system to
operate at least a portion of the completion system .

46. The system of clause 45, wherein the activator
tool comprises an actuator according to any one of
clauses 1 to 43.

47. The system of clause 45 or 46, wherein the ac-

tivator tool comprises a mechanical actuator.

48. The system of clause 45, 46 or 47, wherein the
activator tool comprises a shifting tool.

49. The system of any one of clauses 45 to 48, where-
in the activator tool is disposed on a tubular string.

50. The system of clause 49, wherein the tubular
string comprises a washpipe string.

51. The system of any one of clauses 45 to 50, where-
in the activator tool comprises a mandrel.

52. The system of any one of clauses 45 to 51, where-
in a flow path is defined through the activator tool.

53. The system of any one of clauses 45 to 52, where-
in the activator tool comprises a lateral flow passage
or flow port.

54. The system of any one of clauses 45 to 53, where-
in the activator tool comprises an upper shifter as-
sembly.

55. The system of clause 54, wherein the upper shift-
er assembly comprises a keyway.

56. The system of any one of clauses 45 to 55, where-
in the activator tool comprises a lock assembly.

57. The system of clause 56, when dependent on
clause 54, wherein the lock assembly is operatively
associated with the upper keyway assembly.

58. The system of any one of clauses 45 to 57, where-
in the activator tool comprises a lower shifter assem-
bly.

59. The system of clause 58, wherein the lower shift-
er assembly comprises a keyway.

60. The system of any one of clauses 54 to 59. where-
in the upper keyway assembly comprises a shifting
key.

61. The system of clause 60, wherein an outer sur-
face of the key is profiled.

62. The system of clause 61, wherein the key profile
is configured to engage a corresponding profile in a
downhole tool.

63. The system of any one of clauses 54 to 59, com-
prising an annular collar.

64. The system of clause 63, wherein the collar is
disposed around and is axially moveable relative to
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a mandrel.

65. The system of clause 63 or 64, wherein the collar
is moveable from a first axial position to a second
axial position.

66. The system of clause 65, wherein the collar is
moved from the first axial position to the second axial
by directing fluid into a chamber.

67. The system of any one of clauses 54 to 66, com-
prising a control system.

68. The system of clause 67, wherein the control
system comprises a control unit operatively associ-
ated with the activator tool.

69. The system of any one of clauses 54 to 68, com-
prising an indicator.

70. The system of clause 69, wherein the indicator
comprises an electromagnetic element.

71. The system of clause 69 or 70, wherein the in-
dicator comprises an electromagnetic inductance
coil.

72. The system of clause 69, 70 or 71, wherein the
indicator is configured for electromagnetic coupling
to an indicator of the downhole tool.

73. The system of any one of clauses 54 to 72, com-
prising a lock assembly.

74. The system of clause 73, wherein the lock as-
sembly comprises a first lock.

75. The system of clause 74, wherein the first lock
comprises one or more dog.

76. The system of clause 73, 74 or 75, wherein the
lock assembly comprises a second lock.

77. The system of clause 76, wherein the second
lock comprises one or more dog.

78. The system of any one of clauses 54 to 77, com-
prising a downhole tool.

79. The system of any one of clauses 54 to 78, com-
prising a plurality of downhole tools.

80. The system of clause 78 or 79, wherein a first
downhole tool comprises a flow control device.

81. The system of clause 80, wherein the first down-
hole tool comprises a sliding sleeve device.

82. The system of clause 80 or 81, wherein the first
downhole tool comprises one or more lateral flow
passage or flow port.

83. The system of clause 80, 81 or 82, wherein the
first downhole tool comprises a sleeve.

84. The system of any one of clauses 80 to 82, where-
in the first downhole tool comprises an identifier.

85. The system of clause 84, wherein the identifier
comprises an electromagnetic element.

86. The system of clause 84 or 85, wherein the iden-
tifier comprises an electromagnetic coil or element.

87. The system of any one of clauses 80 to 86, where-
in the first downhole tool comprises a profile for en-
gaging the activator tool.

88. The system of clause 87, wherein the profile com-
prises a keyway profile.

89. The system of any one of clauses 80 to 88, where-
in the first downhole tool comprises a retainer.

90. The system of any one of clauses 78 to 89, com-
prising a second downhole tool.

91. The system of clause 90, wherein the second
downhole tool comprises a fracture tool.

92. The system of clause 90 or 91, wherein the sec-
ond downhole tool comprises a sliding sleeve device.

93. The system of clause 90, 91 or 92, wherein the
second downhole tool comprises one or more lateral
flow passage or flow port.

94. The system of any one of clauses 90 to 93, where-
in the second downhole tool comprises an identifier.

95. The system of clause 94, wherien the identifier
comprises an electromagnetic element.

96. The system of clause 94 or 95, wherein the iden-
tifier comprises an electromagnetic coil or element.

97. The system of any one of clauses 90 to 96, where-
in the second downhole tool comprises a profile for
engaging the activator tool.

98. The system of clause 97, wherein the profile com-
prises a keyway profile.

99. The system of any one of clauses 90 to 98, where-
in the second downhole tool comprises a retainer.
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100. A method for operating a downhole tool, the
method comprising the steps of:

(a) locating an actuator downhole;
(b) moving the actuator relative to the downhole
tool;
(c) engaging the actuator with the downhole tool;
(d) moving the actuator to perform a first oper-
ation of the downhole tool;
(e) changing the configuration of at least one of
the downhole tool and the actuator; and
(f) moving the actuator to perform a second op-
eration of the downhole tool.

101. A method for operating at least one downhole
tool, the method comprising the steps of:

(i) locating a tool downhole, the tool defining a
throughbore, wherein the tool is adapted to be
selectively engagable with an actuator;
(ii) locating a string comprising an actuator
downhole from the tool;
(iii) pulling the string uphole;
(iv) engaging the downhole tool with the actua-
tor;
(v) pulling the string to perform a first operation
of the downhole tool;
(vi) circulating fluid downhole to change the con-
figuration of at least one of the downhole tool
and the actuator; and
(vii) pulling the string and attached actuator to
perform a second operation of the downhole
tool.

102. A system for operating a downhole tool, the
system comprising,
at least one downhole tool having a throughbore,
an actuator for coupling to a string, the actuator di-
mensioned to pass within the throughbore of the at
least one of the downhole tool,
wherein the actuator and the at least one downhole
tool are selectively engagable, such that in an en-
gaged position a predetermined minimum tensile
force applied to the actuator is transferred to the
downhole tool to perform a first operation and a sec-
ond operation,
the system further comprising a lock provided on at
least one of the downhole tool and the actuator,
wherein the lock is operable between an activated
configuration in which performance of the second
operation of the downhole tool is restricted and a
deactivated configuration,
wherein the lock is activated on performance of the
first operation of the tool and deactivated by circula-
tion of fluid downhole.

103. An actuator for operating a downhole tool com-
prising,

a coupling means for coupling the actuator to a string,
an engager co-operable with an engager on the
downhole tool such that a tensile force applied to the
actuator in use is translated to the downhole tool to
perform a first operation and a second operation of
the downhole tool,
the actuator further comprising an actuator lock por-
tion that is operable between an activated configu-
ration following performance of the first operation to
resist performance of the second operation of the
downhole tool, and a deactivated configuration in re-
sponse to downhole fluid circulation in which per-
formance of the second operation is no longer re-
stricted, and
wherein a body of the actuator is arranged to be
maintained in tension in use.

104. A downhole tool arranged for operation by an
actuator, the downhole tool comprising,
an engager co-operable with an engager on the ac-
tuator such that application of a predetermined min-
imum tensile force to the actuator in use is translated
to the downhole tool to perform a first operation and
a second operation of the downhole tool,
the downhole tool further comprising a downhole tool
lock portion that is operable between an activated
configuration following performance of the first op-
eration to resist performance of the second operation
of the downhole tool, and a deactivated configuration
in response to downhole fluid circulation in which
performance of the second operation is no longer
restricted.

105. A method of fracturing a formation including the
steps of:

(i) locating tubing downhole comprising at least
one selective fracturing fluid flow path down-
hole;
(ii) coupling a mechanical shifting tool to a string
and locating the shifting tool downhole;
(iii) applying a tensile force to the string and shift-
ing tool to open the fracturing fluid flow path;
(iv) pumping fracturing fluid downhole along the
fracturing fluid flow path to thereby fracture a
formation; and
(v) applying a tensile force to the string and shift-
ing tool to close the fluid flow path.

Claims

1. A downhole completion method, comprising:

deploying a downhole system into a wellbore
(2), wherein the downhole system includes a
completion system (1000) and an activator tool
(1016) mounted within the completion system
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(1000) such that the completion system (1000)
and the activator tool (1016) are deployed into
the wellbore (2) simultaneously, the completion
system disposed on tubing (1014), the activator
tool (1016) operatively associated with a tubular
string (1018) located in the tubing (1014), the
activator tool (1016) and the completion system
(1000) arranged so that, on deploying the acti-
vator tool (1016) and the completion system
(1000) downhole, the activator tool (1016) is lo-
cated downhole from at least a portion of the
completion system (1000); and
withdrawing the activator tool (1016) from the
completion system (1000) using the tubular
string (1018) operatively associated with the ac-
tivator tool (1016) to operate at least a portion
of the completion system (1000).

2. The method of claim 1, comprising maintaining at
least one of a body of the activator tool (1016) and
the tubular string (1018) operatively associated the
activator tool (1016) in tension.

3. The method of claim 1 or 2, wherein performance of
a first operation of a downhole tool (1006;1008) of
the completion system (1000) by pulling the activator
tool (1016) uphole activates a lock provided on at
least one of the downhole tool (1006,1008) and the
activator tool (1016) to restrict performance of a sec-
ond operation of the downhole tool (1006; 1008), and
wherein changing the configuration of at least one
of the activator tool (1016) and the downhole tool
(1006; 1008) deactivates the lock.

4. A downhole completion system, comprising:

a downhole system deployable into a wellbore
(2), wherein the downhole system includes a
completion system (1000) and an activator tool
(1016) mounted within the completion system
(1000) such that the completion system (1000)
and the activator tool (1016) are deployed into
the wellbore (2) simultaneously, the completion
system (1000) disposed on tubing (1014), the
activator tool (1016) operatively associated with
a tubular string (1018) located in the tubing
(1014), the activator tool (1016) and the com-
pletion system (1000) arranged so that, on de-
ploying the activator tool (1016) and the com-
pletion system (1000) downhole, the activator
tool (1016) is located downhole from at least a
portion of the completion system (1000),
wherein the activator tool (1016) is configured
to be withdrawn from the completion system
(1000) using the tubular string (1018) operative-
ly associated with the activator tool (1016) to
operate at least a portion of the completion sys-
tem (1000).

5. The system of claim 4, wherein at least one of a body
of the activator tool (1016) and the tubular string
(1018) operatively associated with the activator tool
(1018) is arranged to be maintained in tension in use.

6. The system of claim 4 or 5, wherein the activator tool
(1016) comprises an actuator for coupling to the tu-
bular string (1018), the actuator configured to pass
through the completion system (1000), wherein the
actuator is selectively engagable with the completion
system (1000), such that in an engaged position a
predetermined minimum tensile force applied to the
actuator is transferred to the completion system
(1000) to perform a first operation of said completion
system (1000) and a second operation of said com-
pletion system (1000).

7. The system of claim 4, 5 or 6, wherein the activator
tool (1016) is disposed on the tubular string (1018).

8. The system of any one of claims 4 to 7, wherein the
activator tool (1016) comprises at least one of an
upper shifter assembly (1352) comprising a key
(1360) moveable between a radially retracted posi-
tion and a radially extended position and a lower
shifter assembly (1356).

9. The system of any one of claims 4 to 8, comprising
an indicator (1396), the indicator (1396) configured
for electromagnetic coupling to an indicator of the
downhole tool.

10. The system of any one of claims 4 to 9, comprising
a lock assembly.

11. The system of any one of claims 4 to 10, comprising
a downhole tool (1006;1008).

12. The system of any one of claims 4 to 11, comprising
a plurality of downhole tools (1006,1008).

13. The system of claims 11 or 12, wherein the downhole
tool (1006,1008) and the actuator (1016) are provid-
ed with co-operable engagers for providing the se-
lective engagement between the actuator and the
downhole tool (1006,1008).

14. The system of any one of claims 4 to 13, comprising
a lock provided on at least one of the completion
system (1000) and the activator tool (1016), wherein
the lock is operable between an activated configu-
ration in which performance of a second operation
of the completion system (1000) is restricted and a
deactivated configuration, wherein the lock is acti-
vated on performance of a first operation of the com-
pletion system (1000) and deactivated by changing
the configuration of at least one of the activator tool
(1016) and the completion system (1000).
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15. A method for fracturing a formation including the
steps of:

(a) coupling a mechanical shifting tool (70) to an
inner string and locating the shifting tool (70)
downhole simultaneously with a downhole tool
(33), the downhole tool (33) disposed on tubing,
the mechanical shifting tool (70) coupled to the
inner string located in the tubing, the mechanical
shifting tool (70) and the downhole tool (33) ar-
ranged so that, on locating the mechanical shift-
ing tool (70) and the downhole tool (33) down-
hole, the mechanical shifting tool (70) is located
downhole from the downhole tool (33);
(b) applying a tensile force to the inner string
and shifting tool (70) to open at least one frac-
turing fluid flow path;
(c) pumping fracturing fluid downhole along the
fracturing fluid flow path to thereby fracture a
formation; and
(d) applying a tensile force to said inner string
and the shifting tool (70) to close the fluid flow
path.

16. A method for operating a downhole tool (8), the meth-
od comprising the steps of:

(a) locating an actuator (12) downhole from a
downhole tool (8);
(b) pulling the actuator (12) uphole;
(c) engaging the downhole tool (8) with the ac-
tuator (12);
(d) pulling the actuator (12) uphole to perform a
first operation of the downhole tool (8);
(e) changing the configuration of at least one of
the downhole tool (8) and the actuator (12); and
(f) pulling the actuator (12) to perform a second
operation of said downhole tool (8),

wherein performance of the first operation of the
downhole tool (8) by pulling the actuator (12) uphole
activates a lock (56,46a,80) provided on at least one
of the downhole tool (8) and the actuator (12) to re-
strict performance of the second operation of the
downhole tool (8), and wherein changing the config-
uration of at least one of the actuator (12) and the
downhole tool (8) deactivates the lock (56,46a,80).
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