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The invention concerns a method for manipulating
equipment in a well comprising the following steps;

providing a pump subsea proximate the
well and providing a fluid source supplying
fluid to the pump,

establishing a fluid connection for fluid flow
between the subsea pump and the well
interior which is provided as a closed
system suitable for pressure and flow
regulation,

operating the pump to regulate the flow
and/or pressure in the pumped fluid flowing
from the pump into the well interior through
the fluid connection,

thereby regulating the flow and/or pressure
of the fluid in the well interior for controlling
the operation of down hole equipment
arranged in the well,

-closing the fluid connection between the
pump and the well interior.

The invention also comprises a system for
manipulating equipment in a well.
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Field of the invention

The invention concerns a method for manipulating of equipment in a well, for
instance removing a barrier assembly in a well and a system arranged for temporary
fluid connection to a manipulate equipment such as a barrier assembly in a well.

Prior to the start up of production from or into a well, it is necessary to carry out
function and barrier testing to check the correct installment of various well
equipment such as valves, actuators and down hole instrument. After completing the
testing the equipment such as a barrier assembly needs to be removed before
starting production in the well or starting injection in a well.

The barrier assembly may be provided by valves or by a destroyable tubing plug
arrangement or by other means which is pressure responsive for instance to a
specific sequence of pressures. In accordance with one method for opening a barrier
assembly a sequence of pressure working on the barrier assembly causes the
opening of the barrier assembly so that fluid flow is allowed through the well
interior area.

The inventive method and system may be employed for both opening and closing of
equipment installed in the well.

Background of the invention

For manipulating of equipment such as removal or opening of the barrier assembly
various methods are known. A retrieval tool such as a pulling tool may be used for
removing barrier assembly. The retrieval tool needs to be inserted through the X-
mas tree.

Other methods for opening or removing the barrier assembly include providing
means capable of destroying the barrier assembly such as explosives and procedures
for opening the barrier assembly by providing a series of pressures to open or
destroy the barrier assembly.

When employing a retrieval tool for removing a barrier assembly such as a plug, the
retrieval tool is lowered through the X-mas tree on a wireline and installed in
retrieval position. The removal of the barrier arrangement by allowing access of a
retrieval tool through the X-mas tree requires that a cutting tool is provided in case
of an emergency shut down of the well, thereby increasing the installation time and
the complexity of the operation.

The publication SPE 77712“Riseless Subsea Completion with Disappearing Plug
Technology” by Spair, Shell International, Stuckey et al Oct 2002 discusses the
possibility of providing cyclic pressure for sequential opening of the barrier
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assembly. The pressure pulses are provided by the use of fluid from a fluid line
extending from a top side facility for instance a vessel to the sea floor or from a
service line such as a chemical injection line. The fluid of fluid line is pressurized
to produce a number of pressure cycles which are applied to a multi cycle tool for
opening an isolation valve.

The removal of the barrier arrangement in accordance with the prior art solutions,
and especially the procedures requiring access of a tool through the X-mas tree, is
considered time consuming and as it is important to reduce installation time and
also to simplify and reduce the operation procedure to prepare the well for
production.

It is an object of the invention to provide an alternative solution to the above
mentioned prior art procedure for manipulating of equipment in a well. It is a
further object that solution is time efficient, reliable and simple to operate. The
method and the system in accordance with the invention reduces the total
installation time compared to prior art solution and aims to provide a solution
avoiding the disadvantage of prior art such as having to access a tool through the
X-mas tree. Further the invention aims to reduce the number of operational steps
necessary for completion of the well.

The inventive method and system may be used with a running tool gathering the
equipment necessary for preparing the well for production and thereby making the
overall procedure for preparing the well for production more efficient.

Such a running tool may be arranged for the installation of subsea equipment such
as a X-mas tree, or may be prepared for carrying out other operations on a X-mas
tree already installed.

Several attempts have been made to provide solutions where several operational
tasks in preparing the well for production, have been combined by the use of a
single installation tool. WO2011128355 shows an example of an installation tool
capable of both installation and testing of a X-mas tree. In accordance with this

system a ROV is provided arranged for connecting with the tool for installation and

testing of the X-mas tree. The ROV supplies electrical and optical control signals
from a top side location to the well head assembly for testing connections, valves
and communication with sensors. An umbilical extending from a top side location
feeds electrical and optical control signals to the ROV

The inventive solution as such concerns further preparation of the well after
installation and testing of the X-mas tree and provides a solution for opening and
closing of equipment in the well, such as for instance the opening or removal of
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barrier arrangement in the well.

WO 2010032019 describes installation and testing of a X-mas tree similar to that of
WO02011128355. WO 2010032019 discloses a tree running tool which may be
controlled by a ROV. The tree running tool also includes a tool for retrieval of a
plug from a well. The plug is retrieved by lowering the tool by a wire through the
tree production bore onto the plug upper surface. The retrieval tool is actuated into
retrieval position for removing the plug by applying hydraulic pressure onto an
upper mandrel of the retrieval tool. The procedures of WO 2010032019 include that
of removing a barrier arrangement embodied as the plug by employing a specialized
retrieval tool to be brought into engagement with the plug for the plug to be
removed. Further, the retrieval tool as described in WO 2010032019 is lowered
through the X-mas tree and this procedure premediates the presence of a cutting tool
and the additional equipment for operation of the cutting tool.

WO 2010/020956 A2 discloses a subsea well service system. The system includes at
least one pump placed at a subsea location in proximity to a well intervention
lubricator, and at least one fluid reservoir connected to the pump.

US 2008/0264646 A1 discloses a modular actuator for subsea valves and
equipment. In one embodiment, the actuator includes a hydraulic actuator, at least
one housing and a self-contained hydraulic supply system positioned within the at
least one housing.

Summary of the invention

The independent claims define a method and system for manipulating equipment in
a well. The dependent claims define advantageous embodiments of the invention as
defined in the independent claims.

In accordance with the invention a method applicable for manipulation of various
equipment arranged in a well is provided. This may be a barrier arrangement, and
the manipulation may include controlling the opening and or closing of the
equipment. i.e. barriers. The barrier arrangement may be arranged to provide at least
two separate barrier between the reservoir and the surroundings, such as for
instance destroyable plugs or valves suitable for opening by pressure or flow
control. These plugs may be provided as an upper tubing hanger plug and a lower
tubing hanger plug or a tubing hanger plug and a lower set plug or valve in the well.
The inventive method is also applicable for manipulation of other down hole well
equipment such as sliding sleeves receptive to pressure or flow control.

Whereas systems in accordance with prior art have suggested the use of pressurized
fluid supplied from a fluid line into the well interior in order to remove a barrier
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arrangement, the invention provides a subsea pump for the regulating the flow
and/or pressure of the fluid in the well interior via a main bore and/or an annulus
bore of a X-mass tree and thereby operate the down hole equipment. Such a solution
would give a much more efficient solution for operating the downhole equipment,

as pressurizing a smaller amount of fluids/liquid is favorable to pressurizing a larger
amount of fluids/liquid, both in relation to consumed time and also accuracy.

The inventive method is provided for carrying out the specific task of operating the

down hole equipment arranged in the well such as for instance removing or opening
a barrier element. The method comprises the following steps:

-providing a pump subsea proximate the well and providing a fluid source supplying
fluid to the pump,

- establishing a fluid connection for fluid flow between the subsea pump and the
well interior via a main bore and/or an annulus bore of the X-mas tree to provide a
closed system suitable for pressure and flow regulation,

-operating the pump to regulate the flow and/or pressure in the pumped fluid
flowing from the pump into the well interior through the fluid connection,
-thereby regulating the flow and/or pressure of the fluid in the well interior for
controlling the operation of down hole equipment arranged in the well,
-closing the fluid connection between the pump and the well interior.

The method may further include the step of operating a valve assembly by a control
unit into a valve configuration arranging a barrier system between a reservoir in
fluid communication with the well interior and the surroundings during or after
manipulating down hole equipment. The barrier system is provided by closing of at
least one valve of the valve assembly, and in most circumstances closing at least
two of the valves of the valve assembly.

The invention also provides a system for operation of down hole equipment
arranged in the well such as for instance removing or opening a barrier assembly.
The system comprises a subsea pump, a fluid source supplying fluid to the subsea
pump. The subsea pump 1is to be arranged in fluid connection with the well interior
via a main bore and/or an annulus bore of the X-mas tree to provide to establish a
temporary fluid flow between the subsea pump and the well interior. This, subsea
pump, fluid source, fluid connection and well interior, is then provided as a closed
system suitable for pressure and flow regulation. The subsea pump has a mode of
operation for regulation of the flow and/or pressure of the pumping fluid at the
outlet of the pump and to forward this regulation of the flow and/or pressure to the
fluid of the well interior through the fluid connection to operate the down hole
equipment in the well interior.

Accordingly the operation of the subsea pump controls the operation of the
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down hole equipment in the well interior.

Compared to carrying out such operations by for instance fluid from a

fluid line extending to a top a location, the use of a subsea pump to operate down
hole equipment is a versatile solution which provides the possibility of installing the
subsea pump at various location and at the same time obtaining improved control of
the operation.

The system may comprise a valve arrangement operated by a control unit into a
valve configuration arranging a barrier system between a reservoir in fluid
communication with the well interior and the surroundings during or after
manipulating down hole equipment. Barrier system comprises at the closing of at
least one valve of the valve assembly, and in other circumstances closing at least
two of the valves of the valve assembly.

The subsea pump may for instance be installed on a running tool to be installed
proximate to the well, thereby positioning the subsea pump in a operation position
close to the well, another alternative is providing the pump on a separate skid
landing on the seabed close to the pump, or provide the pump on a X-mas tree
running tool or provide the pump on an ROV which is connecting up to a tool on the
subsea installation. An ROV may be provided for operation of the running tool. In
one embodiment where attaching a ROV to the running tool and connecting a
signal line between the ROV and the running tool, an ROV umbilical is used for
sending signals to operate the running tool. By this arrangement there is no need for
an additional umbilical for operation of the running tool. The ROV umbilical
transmits the power, communication and possible video images to a remote control
station for instance at a topside location or principle also on shore. The control
station may be provided by a hand carried operator control station or integrated in
an existing ROV control station.

The ROV may be arranged to the control the valve arrangement and the working of
the subsea pump.

Other options include as mentioned above arranging the pump temporary or
permanently at the seabed or at the manifold. When positioning the pump at a
subsea manifold, the valve arrangement of the subsea manifold may be used for
controlling the fluid flow between the pump and the well interior and may also be
used to establish a barrier control between the reservoir and the surroundings.

The pump may also be located on a ROV or at other suitable subsea locations.
When arranging the pump on the ROV this includes connecting the ROV to the
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running tool thereby providing fluid connection between the ROV and the running
tool and through this the well interior.

While the pump is located subsea for controlling the operation of down hole
equipment arranged in the well, the fluid source supplying fluid to the pump may
be located subsea or at a topside location such as on a vessel. When located subsea,
the fluid source may be arranged at various sites such as on a subsea manifold or at
the seabed supplying fluid to the pump. The fluid source arranged subsea is usually
contained in a vessel which will need to be filled and/or refilled, and may for this
purpose be arranged with a fluid line extending to a top side location for supplying
fluid to the fluid source or at least have means for connecting such a fluid line.
Other locations for the fluid source include locating the fluid source on the running
tool or on the ROV. The fluid source may also be provided by fluid from a subsea
service fluid line, thereby supplying fluid to the pump when needed.

When the down hole equipment is a barrier arrangement and the operation of the
down hole equipment involves removing or opening barrier arrangement, it is
necessary to provide an alternative barrier system to replace the barriers removed in
order to fulfill safety regulations requiring that a single or double barriers should
be provided between the reservoir and the surroundings. These alternative barriers
may be provided by the valve assembly such as closing barrier valves of the Xmas
tree or by closing barrier valves otherwise controlling the fluid flow through the
fluid connection with the well interior, hence arranged on the running tool, or a
combination of valves on the X-mas tree and the running tool. For instance by
establishing a double barrier system by operating the valve arrangement on a
running tool_installed in fluid connection with the well interior.

During the operation of the pump for controlling the operation of down hole
equipment, the system and the method may be arranged so that the pumped fluid
flows into the well interior and flows back out from the well interior in a repeating
or alternating manner. By this the down hole equipment is operated with a
sequence of pressure build ups in the well interior. Preferably the volume of the
pumped fluid and the fluid returning from the well interior will have the same or
similar volume, otherwise there is provided control systems for shutting down the
well.

In one embodiment the pump may be arranged on a running tool and the barrier
system for instance double barriers may be provided by the valve assembly which is
arranged on the running tool or by another valve assembly such as the valve
assembly of the Xmas tree or a combination of both valve assemblies. When
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arranging the pump on the running tool and positioning the pump proximate the
well by installing the running tool at a subsea installment position, the fluid flow
through the fluid connection will be controlled by operating the pump and the valve
arrangement (on the running tool or by the valve arrangement of the Xmas tree or
the combined operation of valve arrangement on the running tool and the valve
arrangement of the Xmas tree).

Arranging the pump on the running tool at the proximity of the well, provides an
efficient solution and enabling improved control of the operation as the means for
pressurizing element closer to the equipment thereby reducing time for building the
nessecary pressure at the down hole equipment and reducing the uncertainties in the
procedure. If the pump is to be positioned proximate to the well on a running tool
which may also be used for carrying out other necessary well related procedures, as
setting and testing a X-mas tree this will additionally save installation time and
costs. By adding the possibility of operating the down hole equipment arranged in
the well to a running tool employed for instance for installing and testing Xmas tree
on a subsea wellhead assembly, the total time for completion of the well for
production may be reduced, thereby also saving well preparation installation costs.

As an example of providing the running tool for multiple operations while at the
subsea installment position, the running tool may be arranged with the possibility of
setting a Xmas tree on a subsea wellhead assembly when installing the running tool
at the subsea installment position. Further another possibility includes closing down
hole barrier elements and retrieving the Xmas tree from installed position by the
running tool.

In one embodiment the valve arrangement arranged on the running tool may
comprise at least a pump barrier valve for controlling the flow of pumped fluid to
the well interior and at least a return barrier valve to control the return of fluid from
the well interior. As mentioned above the valve arrangement arranged on the Xmas
tree may as an alternative serve the same purpose. This being the case since the
method and system is operating down hole equipment without deploying tools on
wire or cable or similar through the Xmas tree.

To fulfill the requirement for a double barrier system between the reservoir and the
surroundings an additional pump barrier valve may be provided for controlling the
flow of pumped fluid to the well interior and an additional return barrier valve may
be provided to control the return of fluid from the well interior the valve
arrangement. The additional pump barrier valve may be located on the running tool
or on the X-mas tree. The additional return barrier valve may be located on the
running tool or on the X-mas tree.
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In one embodiment the fluid connection between the pump and the well interior is
provided through a flow passage system in a Xmas tree installed on a subsea
wellhead. The controlling of the fluid flow through the flow passage system may be
carried out by the valve arrangement of the running tool or the Xmas tree, or the
combination of both valve arrangements.

When the pump is arranged on the running tool or on an ROV connected to the
running tool or on a separate skid with a fluid connection to the running tool, a
flow passage allows the pumped fluid to flow from the pump through the running
tool in direction of the well interior and a return passage in the tool directs the
fluid flow returning from the well interior to the fluid source/subsea pump. A
number of fluid lines arranged on the running tool and the opening and closing of a
number of valves of the valve arrangement in predetermined configuration provides
the fluid flow passage and the return passage of the running tool respectively. The
pumped fluid may be then directed through the running tool following the flow
passage provided by the fluid lines and the valve arrangement in a flow passage
configuration of the valve arrangement. And the return fluid may returned to the
fluid source/subsea pump following the return flow passage as by the fluid lines and
the valve arrangement in a return passage configuration of the valve arrangement.
Normally there will be sequences of pumping fluid/liquid into the well interior for
building pressure/flow followed by release of the pressure in the interior of the well,
by allowing fluid/liquid to return to the fluid source. The fluid entering and exiting
the well interior will normally do this through the same flow passage, but then be
directed through different flow passages in the tool.

When the fluid connection between the pump and the well interior is provided
through the flow passage system in the X-mas tree, the flow of the pumped fluid
may follow a flow path flowing from the pump through the flow passage of the
running tool and into a main bore of the flow passage system in the Xmas tree and
into the well interior. The return of fluid from the well interior may flow through
the same main bore of the flow passage system in the X-mas tree as it entered the
well interior and into a return passage in the running tool. Following an alternative
flow path the flow of the pumped fluid may be allowed through the pumped fluid
passage of running tool and into an annulus bore of the X-mas tree through a cross
over passage and into the well interior and allowing the return of fluid from the well
interior back the same passage through the X-mas tree and into the return passage in
the running tool. It is also possible to allow the pumped fluid to pass through the
main bore and return in the annulus bore of the X-mas tree, or to allow the pumped
fluid to pass through the annulus bore and return in the main bore of the X-mas tree.
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The choice of flow path through the X-mas tree may be carried out by controlling
the fluid flow through the valve arrangement of the running tool and the X-mas tree.
And the control system of the tool may control both systems.

The fluid connection between the pump and the well interior may also be provided
at the master /wing valve or downstream to Xmas tree.

In one embodiment the valve arrangement of a X-mas tree installed on a subsea
wellhead assembly is operated by the running tool to control the fluid flow between
the pump and the well interior through the flow passage system in the Xmas tree .

As mentioned above the down hole equipment may comprise a barrier assembly,
and in one embodiment the inventive system and method is applicable for opening
or removing the barrier assembly, but may in principle also be employable for
closing the barrier assembly. The barrier assembly may comprise various elements
such as at least one destroyable plug and/or at least one pressure responsive valve
unit.

To avoid the unintentional removal or release of at least one destroyable plug and/or
at least one pressure responsive valve unit due to pressure variations in the well
interior, the barrier assembly, plug and or valves are normally arranged with an
activation mechanism which may be arranged as a multistep activation mechanism.
Alternatively a system may be provided for release where there is a pressure build
up threshold /flow kept for a given time to release or open the barrier/plug/valve.
The activation mechanism, such as for instance a multistep activation mechanism,
is arranged for releasing or removing/opening the responsive valve unit or
destroyable plug after a predetermined pressure pattern is carried out by the pump
and forwarded to the fluid of the well interior for the release of the activation
mechanism to open or remove the barrier assembly. The predetermined pressure
pattern as provided by the pump and forwarded to the fluid of the well interior may
be arranged for the stepwise release of the multistep activation mechanism to open
or remove the barrier assembly.

If the barrier assembly comprises a least one pressure responsive valve unit, the
regulation of the pump may be used for closing the least one pressure responsive
valve unit.

The predetermined pressure pattern as provided by the pump and forwarded to the
fluid of the well interior may also be used to trigger a signal activation pattern for
instance electric or magnetic signal for removing or opening of the barrier
assembly. As such the multi step activation mechanism may be carried out as a

345673



10

15

20

25

30

35

40

10

signal controlled multi step activation mechanism controlling the release of the
activation mechanism to open/close or remove the barrier assembly.

The subsea pump has a mode of operation generating pressure built up through the
fluid connection into the well interior for pressurization of the fluid of the well
interior. During this mode of operation the fluid of the well interior may achieve a
stepwise pressurization for operation of the barrier assembly in the well interior.

The subsea pump may be operated at intervals generating pressure build up in fluid
in the well interior or flow in the well interior, thereby repeatedly activating a
activation mechanism of the barrier assembly until opening the barrier assembly.
Given that the barrier assembly is at least one pressure responsive valve unit or
other equipment to be opened or closed, the barrier assembly may both be opened
and closed in this manner.

When the barrier assembly comprises at least one destroyable plug; repeatedly
activating the activation mechanism causes a final destroying of the at least one
destroyable plug.

The running tool may also have a safety control system for controlling a shut down
of the well by closing the valve arrangement to provide a barrier system, preferably
a double barrier system, between the reservoir and the surroundings. The safety
control system may be provided for closing the valve arrangement of the running
tool or of the X-mas tree to conduct the shut down.

The safety control system comprises the control unit, for instance a well shutdown
unit, and an actuation unit for instance a quick dump unit, and a plurality of sensors
arranged for measuring fluid parameters of the fluid flowing and returning between
the pump and well interior. The measured fluid parameters or other parameters
essential to the working of the system are transmitted as signals to the control unit
which is configured such that when one transmitted signal deviates from allowable
signal value or signal value range the control unit activates the actuation unit for the
closing of the valve arrangement, thereby providing barriers between the reservoir
and the surroundings. The actuation unit may be provided to close the valve
arrangement of the running tool and or of the X-mas tree.

The valves of the valve arrangement, which may act as barrier valves, each have a
spring unit and a control fluid system is provided for operating of the valves. The
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control fluid flowing in the control fluid system exerts pressure on the valves to
exceed the spring force of spring unit for opening the valves, during a normal flow
mode, when the measured parameters do not deviate from the allowable value.

The control fluid system may be provided with a control valve (quick dump valve)
arranged at the actuation unit and arranged to control the opening of a dumping
outlet of the control fluid system. The control valve has a closed position where the
dumping outlet is closed thereby maintaining normal operation of the valves or the
valve arrangement. The control valve has an open position wherein the dumping
outlet is open draining the control fluid from the valves of the valve arrangement.
The valves of the valve arrangement are then closed by the spring unit of each of
the valve, thereby obtaining a shut down mode.

The control valve, quick dump valve, is brought into an open position initiating shut
down mode if the measured parameters as pressure, flow, connection to ROV or
other signals deviates from a predetermined value or value range, in which case
there is no signal transmitted to the control valve of the actuation unit. The control
valve, quick dump valve, needs an active signal from the well shut down unit to be
kept closed, if signal is lost or disconnected by the well shut down unit, the valve
will open and the well will be closed.

As the skilled person will realize also other parameters than the ones exemplified
here, may be used for indicating the status of the system, in which case the absence
of signals from the control unit to the actuation unit causes the shut down mode and
the presence of signals from the control unit to the actuation unit indicates normal
flow mode.

Detailed description
In the following, embodiments of the invention will be described in detail with
reference to the enclosed drawings, where:

Fig. 1 shows an example of an overall view of one embodiment of the invention.
Fig. 2 shows an example of a running tool and a X-mas Tree installed on a well
head.

Fig. 3 shows a schematic layout of a running tool.

Fig 4 shows an example of a well control unit to be included in a running tool.
Fig 5 shows an example of a well control unit connected to a X-mas tree installed
on a well head, no pumping of fluid shown.

Fig 6 illustrates the pumping of fluid into the well interior.

Fig 7 illustrates the return of fluid from the well interior.
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Fig. 8 shows an overall view of the running tool connected to the X-mas tree
installed on the well head and communication between the running tool and top site
facility and running tool and well interior .

Fig 1 shows a vessel 1 lowering a running tool 2 arranged with a X-mas tree 3 to be
positioned at a subsea installation location for installing the X-mas tree 3 on a
subsea wellhead assembly. The running tool 2 is lowered from the vessel 1 by a
deployment line 4 such as a wire line. A remotely operated vehicle (ROV) 5 is
provided for supplying power and control lines for the operation of the running tool
during use. An umbilical 6 transmitting power, electrical and or optical signals are
connected to the vessel 1 and the ROV 5 and transfers power, communication and
or video images between the ROV and the vessel and thereby to the tool . An
overall operation module 7 such as hand carried operator console controls the entire
operation from a remote location, possibly from a top side location on the vessel 1,
but it could also be at a remote location at land or in a ROV control cabin at the
vessel. The ROV is therefore a carrier, carrying signal and or power between the
operator and the running tool.

Down hole equipment such as a barrier assembly, here shown as an upper tubing
hanger plug 8 and a lower set plug 9, is arranged in a well 10 and forms the barriers
in the well before the installation of the X-mas tree or when the X-mas tree is
removed to be maintained or replaced. The plugs 8 and 9 may be provided as
disappearing plugs or alternatively one may have valves as barrier elements that are
arranged to open and close for fluid flow in response to an activation mechanism
operated by a pressure or flow sequence or levels in the fluid in well.

When the down hole equipment is a barrier assembly, the removal or opening of the
barrier assembly is typically carried out by pressure build up or pressure variation
generated by a pump arranged in fluid connection with the interior of the well 10.
The pump is to be provided subsea preferably proximate to the well or at least at a
set distance compatible with providing an efficient fluid connection between the
pump and well interior. The pump may favorably be positioned on the running tool
arranged to be connected to a X-mas tree or on the ROV. A fluid source supplies
fluid to the pump.

The pump 30 and the fluid source 31 may be arranged on the running tool 2 as
illustrated on fig 3-5. Alternatively the pump may be arranged at a subsea location
for instance at a manifold 16, see fig 2, or on the ROV. Further, the fluid source
may be located at a subsea location and may be contained in a vessel and positioned
on the manifold or the ROV. The fluid source may also be provided by a subsea
service line, whereto the running tool may be connected for instance by a fluid line.
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Another possibility is to use a fluid source positioned at a topside location with a
fluid line down to the tool.

The running tool 2 according to the invention as shown in the figures is also capable
of carrying the X-mas tree from the vessel during installation and have the
provisions for setting, installing and testing the X-mas tree on the wellhead. Such
provisions for setting, installing and testing the X-mas tree may be found in prior
art and there are several publications describing different manners of doing such a
procedure. The tool according to the invention may comprise one such system.

When the X-mas tree is installed on the wellhead, which may be done by the
running tool according to the invention or the X-mas tree may be already installed
and the running tool according to the invention is provided in the vicinity or at the
X-mas tree, the next step is to open the well for production, by removing or opening
the barrier assembly in the well, below the X-mas tree. When this can be done in
one procedure this gives additional time and cost savings. However having the tool
provide for opening of the barrier as such, provides cost savings and a more
controlled operation.

When later retrieving the X-mas tree installed on the wellhead, down hole
equipment such as a barrier assembly must be closed before removing the X-mas
tree from the wellhead. The retrieval of the running tool requires that the valve
assembly such as barrier valves for the well, as for instance in the X-mas tree are
closed before the retrieval is carried out. These precautionary measures for well
safety ensure that a double barrier is established between the reservoir and the
surroundings, before well related equipment such as a X-mas tree and a running tool
is removed from the installation site.

When manipulating equipment in a well such as removing or opening the barrier
assembly, the first step is to establish a temporary fluid connection for fluid flow
between the subsea pump and the well interior providing a closed system suitable
for pressure and or flow regulation. The subsea pump has a mode of operation for
regulation of the flow and/or pressure of the pumping fluid at the outlet of the pump
and to forward this flow and/or pressure regulation to the fluid of well interior
through the fluid connection to operate the down hole equipment in the well interior
during the temporary fluid connection between the pump and the well interior.
When the down hole equipment is a barrier assembly the pump may be operated at
intervals generating pressure build up in the pumped fluid flowing into the well
interior through the fluid connection to produce pressure build up in the fluid of the
well interior until opening the barrier assembly. The operation of the barrier
assembly could be activated by an activation mechanism requiring a sequence of
pressure build up, a number of pressure build up, a given threshold pressure for a
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given time period or pressure variations for activation. This arrangement is to
prevent accidental activation of the equipment. After carrying out the activation or
opening or closing of the down hole equipment the fluid connection between the
pump and the well interior is then closed, establishing a barrier system around the
reservoir upstream of the fluid connection between the pump and the well interior
for a production well, terminating the temporary fluid flow between the pump and
the well interior.

Fig 2 illustrates the running tool 2 and the X-mas tree 3 installed on the well head
assembly 8'. A simplified concept of the main functions and the technical features
of the X-mas tree 3 are illustrated in the fig 2 as concept modules. A main module
19 illustrates the actual X-mas tree, module 18 illustrates the subsea control of the
X-mas tree 3. Module 14 is a flow module 14 arranged with a fluid line assembly 15
to a manifold 16. The manifold 16 is connected to a set of pipelines 17 for
distribution of fluid to production facilities as illustrated by arrow A. A module 20’
illustrates a permanent guide base comprising a conductor housing for receiving the
well head. A further module 8' illustrates well head, tubing hanger and downhole
equipment. Module 21' describes functions and technical features of the running
tool 2.

The running tool 2 as shown in fig 1 and 2 is provided for the installation of the X-
mas tree 3, and as mentioned above the pump and possibly also the fluid source may
be provided on the running tool 2. However, it is also possible in accordance with
the invention to install the x-mas tree using a running tool 2 as shown in the figures
and then to lower the pump along for instance arranged on a ROV which attached
and connects to the running tool or without the fluid source as this may be taken
from a service line subsea, or from an fluid line to the topside either attached to the
running tool or to the ROV.

A schematic outlay 20 of a running tool is shown schematic in fig 3. The schematic
outlay 20 is suitable for the running tool 2 used for the installation of a X-mas tree

as illustrated in fig 1, but is also applicable for a running tool to be connected to an
installed X-mas tree and for carrying out operations in the well interior in addition

to the function and barrier testing of the X-mas tree.

The running tool has a ROV connector interface 21 for power and communication
transmittal with or through the ROV and a shaft receptacle 22 for driving of a valve
controlling pump provided for controlling flow and pressure of a control fluid for
operating a valve arrangement such as barrier valves positioned on the running tool.
The shaft receptacle 22 may alternatively be fluid connections or power connections
depending on the type of valve controlling pump on the running tool. This valve
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controlling pump and the other pump as described in the following for regulating
the flow and/or pressure of the fluid in the well interior may be a hydraulically and
or electrically driven pumps. In the case where the valve controlling pump is
positioned on the running tool there may be a power transmission to this pump but
the fluid pump for the well interior fluid may receive a power transmission or fluid
transmission if it is positioned on the running tool depending on how this is driven.
If this pump for the fluid for the well interior is arranged in the ROV, there may be
fluid line connections from the ROV to the tool

Further an X-mas tree connector face 23" is provided for testing of the X-mas tree
functionality and correct installment and a potentially replaceable adapter 24 for the
X-mas tree comprising a valve pack 25 for the X-mas tree and a fluid reservoir 26
for operation or the installment and testing of the X-mas tree. The running tool
according to the invention has a reservoir 27 for hydraulic fluids, a valve tool pack
28 for operating for instance barriers valve arranged on the tool and or at the X-mas
tree, a well shut down unit 60 and a quick dump unit 70 for controlling the barrier
valve arrangements such as illustrated in fig 4, the barrier valves being arranged at
the running tool or the X-mas tree. This form part of a well control unit 23 for
operating barrier valves in a manner for manipulating equipment in a well with the
running tool and still keep full control of the well when opening downhole barrier
assembly. The further details of the well control unit 23 is shown schematically in
fig 4.

Fig 4 shows an example of the running tool in fluid connection with the well
interior through fluid connection between flow passages of the X-mas tree and the
well control unit 23. The well control unit 23 of the running tool comprises a
system comprising a number of fluid lines arranged and a number of valves of the
valve arrangement arranged in these fluid lines which may be in an open or closed
position to provide a flow passage and a return passage directing the fluid flow to
and from the well interior.

The well control unit 23 comprises a pump 30 which extracts fluid from a fluid
source 31 such as a MEG reservoir through a fluid source line 32 including a
suction filter 33. The fluid source 31 has a fluid filling point 34. The pump 30 may
also be arranged to draw fluid from different fluid sources with different parts of the
pump, as indicated in the figure. The pump is operated to deliver pumped fluid to
the well interior to regulate the flow and/or pressure of the fluid in the well interior
for controlling the opening and closing of down hole equipment of the well.

The pumped fluid is discharged from the pump 30 and passed through a pump outlet
fluid line 35 arranged with an isolation valve 36 and a pump barrier valve 37. A
flow meter 52 is included in the pump outlet fluid line 35 for measuring of the
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characteristic of the pumped fluid flow. The pump barrier valve 37 is arranged in an
open position to direct the pumped fluid flow to the well interior. The pumped fluid
may enter the well interior following at least two different flow paths. The different
flow paths are provided by opening and closing of the valve arrangement as shown
in the well control unit 23.

In accordance with a first flow path for pumping fluid to the well interior and
thereafter returning the fluid, the pumped fluid is allowed into a X-mas tree main
bore fluid line 38 and the fluid returns through the same X-mas tree main bore fluid
line 38. The fluid may be routed in a different manner in the return path in the tool.
The X-mas tree main bore fluid line 38 leads the fluid to the main bore 138 of the
X-mas tree 3, as illustrated by the connection of X-mas tree main bore fluid line 38
and the main bore 138 of the X-mas tree 3 as shown in fig 5, and from there into
the interior of the well 10.

In accordance with a second flow path the pumped fluid is allowed into the X-mas
tree annulus bore fluid line 39, see illustration in fig 4 and 6, and returns the fluid
through the same X-mas tree annulus bore fluid line 39, see illustration in fig 4 and
7. The X-mas tree annulus bore fluid line 39 leads the fluid to the annulus bore 139
of the X-mas tree 3, as shown in fig 6, where the pumped fluid is directed to the X-
mas tree main bore 138 by the arrangement of a X-mas tree cross over valve
arrangement 170, and further into the interior of the well 10.

When following the first flow path the pumped fluid flows though the X-mas tree
main bore fluid line 38 to the well interior. A X-mas tree main bore barrier valve 40
arranged in the pump outlet fluid line 35 is then arranged in an open position. This
configuration allows for fluid flow from the pump 30 to the X-mas tree main bore
138 and into the interior of well 10. The pressure and flow of pumped fluid is
thereby forwarded to the fluid of the well interior for controlling the opening and
closing of down hole equipment such as a barrier arrangement arranged in the well.

A fluid branch 41 diverts from the pump outlet fluid line 35 and is divided into a
fluid return line 42 and into a cross over fluid line 43. The fluid return line 42 is
arranged with a return barrier valve 44 which is in a closed position as the pumped
fluid passes from the pump outlet fluid line 35 through the X-mas tree main bore
barrier valve 40 and into the X-mas tree main bore fluid line 38.

The cross over fluid line 43 is arranged with a cross over barrier valve 45 which
also is in a closed position as the pumped fluid passes from the pump outlet fluid
line 35 to the X-mas tree main bore fluid line 38.
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When returning the fluid from the well bore interior after opening or closing the
down hole equipment arranged in the well, the X-mas tree main bore barrier valve
40 is in open position. The pump barrier valve 37 and the cross over barrier valve
45 are each in a closed position whereas the return barrier valve 44 is in an open
position, thereby allowing the return fluid into the fluid return line 42 .

The fluid return line 42 is divided into a fluid source return line 48 and an
additional fluid return 46 in fluid connection with a hydrocarbon collector 49' for
collection of potential excess hydrocarbon from the well. The additional fluid return
line 46 is arranged with flush valve 47 controlling the flushing of the system after
completing operations in the well.

The fluid source return line 48 is arranged with a choke valve 49 for controlled
reduction of pressure in the return fluid passing in the return line 48 before
directing the return fluid to the fluid source 31. An isolation valve 50 is arranged in
the fluid source return line 48 providing a possibility for isolation of the fluid
source 31. A flow meter 52 is included in the pump outlet fluid line 35 for
measuring the characteristic of the pumped fluid.

An excess pressure fluid line 102 arranged with a safety valve 53 connects the
pump outlet fluid line 35 and the fluid source return line 48. If the pressure of the
pumped fluid exceeds a predetermined value the overpressure is vented to the fluid
source through the excess pressure fluid line 102.

When following the second flow path as illustrated in fig 6, the pumped fluid is
allowed into the X-mas tree annulus bore fluid line 39 by directing the pumped fluid
through the fluid branch 41. The pump barrier valve 37 is then in an open position
and the X-mas tree main bore barrier valve 40 is in a closed position. From the fluid
branch 41 the pumped fluid is diverted into the cross over fluid line 43 by opening
the cross over barrier valve 45 and closing the return barrier valve 44. The fluid line
43 splits into a X-mas tree annulus bore connecting line 150 and second connecting
line 151 arranged with a second annulus bore barrier valve 74 for fluid connection
with a fluid source filling line 55. The X-mas tree annulus bore connecting line 150
is arranged with a first annulus bore barrier valve 54 which is in an open position to
let the pumped fluid enter the X-mas tree annulus bore fluid line 39 and into the
annulus bore 139 of the X-mas tree 3 (fig 6). The second annulus bore barrier valve
74 is closed when the pumped fluid enters the X-mas tree annulus bore fluid line 39.

As explained above the pumped fluid is directed from the X-mas tree annulus bore
fluid line 39 to the X-mas tree main bore 138 by the arrangement of a X-mas tree
cross over 170, and into the well interior. The pressure and flow of the pumped
fluid is thereby forwarded to the fluid of the well interior to open and/ or close the
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down hole equipment for instance a barrier arrangement arranged in the well, the
barrier arrangement is shown as tubing hanger plug 8 and a lower set tubing plug 9
in fig 6.

When returning the fluid from the well bore interior through X-mas tree main bore
138 via the X-mas tree cross over 170 and into the X-mas tree annulus bore fluid
line 39, see fig 7. The first annulus bore barrier valve 54 and the cross over barrier
valve 45 are both in an open position and the second annulus bore barrier valve 74
is closed, thereby allowing the fluid to return to in the cross over fluid line 43.
Further the pump barrier valve 37 and the main bore barrier valve 40 are each in a
closed position whereas the return barrier valve 44 is in an open position thereby
directing the returning fluid through the fluid return line 42 and into the fluid source
return line 48. If excess of hydrocarbon from the well this flows through the
additional fluid return line to the hydrocarbon collector 49'.

It is also possible to direct the pumped fluid into the X-mas tree main bore fluid line
38 and to return the fluid in the X-mas tree annulus bore fluid line 39. Alternatively
to direct the pumped fluid into the X-mas tree annulus bore fluid line 39 and to
return the fluid in the X-mas tree main bore fluid line 38.

The fluid source 31 in the example shown in fig 4 is shown with connection to the
fluid filling point 34, where for instance a fluid line extending from a top side
facility is to be attached for filling the fluid source 31. The filling of the fluid
source may also be carried out by supplying fluid from the sea floor, for instance
from a service line. The first annulus bore barrier valve 54 and the second annulus
bore barrier valve 74 are then in open position, whereas the cross over barrier
valve 45 is closed. Fluid is withdrawn from the service line (not shown) through the
X-mas tree annulus bore fluid line 39 and into the fluid source filling line 55 which
is connected to the fluid source return line 48, thereby directing the fluid from the
service line to fluid source 31.

The well control unit 23 has a safety control system for shutting down the well
including a control unit such as a well shutdown unit 60 and an actuation
unit/pressure relief unit, such as quick dump unit 70 which include a quick dump
manifold 72 and a control valve 71 (Quick Dump Valve). A control fluid for
instance a hydraulic fluid is used to control the opening and closing of the barrier
valve in a normal flow mode, wherein the barrier valves are provided as fail safe
valves and each is operated by a spring unit 65, 66, 67, 68, 69, 69'. The flow of
control fluid between the manifold 72 of the quick dump unit 70 and the barrier
valves is illustrated by fluid lines 1', 2", 3", 4", 5', 6' on the manifold and with fluid
lines 1', 2', 3", 4', 5", 6', 7" which each belong to a specific barrier valve 37, 40, 44,
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45, 50, 54, 74. The barrier valves have an initial mode which also is a fail safe
mode, where the barrier valves are closed. The control fluid is distributed to the
actuation chamber/spring chamber of the barrier valve in order to open the barrier
valves. When the control fluid in the manifold and the spring chamber exerts a
pressure force which exceeds the spring force of the barrier valve, this barrier valve
is brought to an open position. If the force provided by the pressure of the control
fluid does not exceed the spring force, then the barrier valve remains in a closed
position, i.e. when there is no pressure in the control fluids the valve will be closed,
a fail safe closed valve.

Several pressure transducers and or sensors 100 measures the pressure of the fluid
in the various fluid lines as shown in fig 4. The pressure transducers may also be
located elsewhere in the flow path than the shown locations, for examples also in
the X-mas tree. The parameter measured by the transducers, for instance pressure, is
communicated as input signals 101 to a communication unit 110, which may also be
called a safety unit. There are also other sensors in the system providing input
signals to the communication unit 110, as for instance flow measurements, of flow
into and out of the well and comparing these. If the measured parameters are within
a predetermined value or value range, the input signal 101 does not deviate from a
signal threshold or a signal range and an output signal QD is transmitted from the
communication unit 110 to the control valve 71, which remains in a position where
the dumping outlet 75 is closed as illustrated by the no flow symbol 76 on the
control valve 71. The fluid flow in the system then follow normal flow mode as
described above. It is then possible to keep the barrier valves in an open position,
thereby returning fluid to the fluid source 31 following normal flow mode as
described above.

If one of the measured parameters deviates, for instance exceeds, from
predetermined value or value range the signal input 101 representing the measured
parameter deviates from the allowable signal threshold or signal range . No signal
QD is then transmitted from the communication unit 110 to the control valve 71,
and the safety control system enters a shut down mode. In that case the control
valve 71 is brought into a position as shown in fig 4 where flow is allowed through
the dumping outlet 75. The control fluid is then drained from spring chamber of the
spring units belonging to the barrier valves and to the quick dump manifold 72.
Fluid dumping from the barrier valve are indicated by arrows on the lines 1', 2, 3,
4',5', 6" and 7' illustrated on the quick dump manifold 72. The dumping of control
fluid from the control unit of the barrier valves causes the barrier valves to close.
The barrier valves will then go to a fail state close position containing the well with
two barriers in the system both on X-mas tree and the running tool.

As shown the well shut down unit 60 also receives an input signal RC from the
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ROV. If the ROV communication fails such as when the well shut down unit 60
receives no signal from the ROV, this also initiates no output signal QD being
transmitted to the control valve 71, which also initiates the dumping procedure and
the barrier valves to go to a fail shut down mode, closing the well as described
above. As the skilled person will realize also other parameters than the ones
exemplified here, may be used for indicating the status of the system, in which case
the absence of signals causes the shut down mode and the presence of signals
indicates normal flow mode.

Further the well shut down unit 60 includes a flow comparator 111 where the
measurements from the pump flow meter 52 are compared with the measurements
from the return flow meter 51. The deviation of measured pump flow and the
measured return flow may provide the bases for causing the system to shut down or
not. If the measurement of the return flow meter 51 is significantly larger or smaller
than the measurement of the pump flow meter 52, when they are supposed to be
similar, the input signal 102" is outside the signal threshold or allowable value or
value range and no output signal QD is transmitted to the control valve 71. The
control fluid keeping the barrier valves in an open position is dumped through the
quick dump unit 72 and the barrier valves goes to a fail safe closed position closing
the well with a double barrier system.

The operator at the topside facility may also initiate this procedure of dumping the
control fluid from the spring unit of the barrier valve and thereby operate the well
barrier valve to a fail safe close position.

It is within the scope of the invention to have the well shut down unit to
communicate with barrier valve in the X-mas tree, to initiate a well shut down and
provide a two barrier functionality in the system of X-mas tree and running tool.

It is also within the scope of the invention to have the well shut down unit
communicating with barrier valves that are electrically operated or semi-
electrically operated, to be kept in an open position, or in a different manner kept in
an open position, which when such a signal is lost have the functionality of closing
the valve to a fail safe close position to form the barrier for the well on X-mas tree
and running tool.

Fig. 8 is a schematic illustration of the interaction between the various components
of the overall system and also shows the line of communication between these
components. The running tool 20 has an outlay similar to the outlay shown in fig 3.
The flow pattern through the X-mas tree 3 is similar to the flow pattern shown in fig
6. Fig 8 shows the running tool 20 connected to the X-mas tree 3 by a tool
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connector 80 and the X-mas tree 3 connected to the well head by a well head
connector 90. Pressure cycles 110" are illustrated provided from the pump on the
running tool, see fig 4, for operation of the to down hole equipment such as plugs 8,
9 and pressure responsive valve 111'. When mentioning components shown in the
fig 8 that have been discussed earlier the same reference numbers are applied. The
X-mas tree 3 has a SCM unit for controlling the valve arrangement of the X-mas
tree 3 based on signals from the signal line 93. Line 94 transmits electric power
from the running tool to the SCM unit of the X-mas tree 3. Fluid line 92 supplies
hydraulic power to the X-mas tree 3. The ROV 5 is illustrated with an electric
power line 95 and a communication line 96. The lines 95, 96 are included in the
ROV umbilical 6 and illustrate the communication between the surface control unit
100" of the vessel 1 and the ROV 5. Additional electric power line 98 and
communication line 99 provides a connection from the ROV 5 to the running tool
20 and thereby provides the communication between the control unit 100" of the
vessel 1 and the running tool 20. A fluid line 101" is connected between the ROV
and the running tool 20. A supply fluid line 102" is also shown illustrating the
possibility of filling the fluid source 31 through the fluid filling point 34, as
described above when discussing fig 4.

In the preceding description, various aspects of the apparatus according to the invention
have been described with reference to the illustrative embodiment. For purposes of
explanation, specific numbers, systems and configurations were set forth in order to
provide a thorough understanding of the apparatus and its workings. However, this
description is not intended to be construed in a limiting sense. Various modifications and
variations of the illustrative embodiment, as well as other embodiments of the apparatus,
which are apparent to persons skilled in the art to which the disclosed subject matter
pertains, are deemed to lie within the scope of the present invention as defined in the
following claims.
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CLAIMS

1. System arranged for manipulating equipment in a subsea well comprising a X-
mas tree (3, 19) and controlling a barrier system, comprising

-a subsea pump (30) arranged in fluid connection with a well interior (10) via a
main bore (138) and/or an annulus bore (139) of the X-mas tree (3) to provide a
closed system suitable for pressure and flow regulation and establishing a
temporary fluid flow between the subsea pump and the well interior,

-a fluid source (31) supplying fluid to the subsea pump,

characterised in that the subsea pump has a mode of operation for regulation of
the flow and/or pressure between the pump and the well interior to operate
equipment (8, 9) arranged in the well ,

- a safety control system (60, 70) for controlling shut down of a valve arrangement
(170) in a subsea position, which safety control system is also arranged in a subsea
position and comprises a control unit (60) and an actuation unit (70) for local
control and operation of the valve arrangement,

- the valve arrangement is operated by the control unit into a valve configuration
providing a barrier system between a subsurface geological reservoir in fluid
communication with the well interior and an environment external to the well,

- a plurality of sensors (100) arranged for measuring fluid parameters transmitted as
signals (101) to the control unit, which also receives other signals from subsea and
or topside locations, where the control unit is configured such that when at least one
transmitted signal deviates from allowable value the control unit activates the
actuation unit for the closing of the valve arrangement.

2. System in accordance with claim 1, wherein the control unit (60) is provided on a
skid positioned on the top of the X-mas tree (3).

3. System in accordance with claim 1, wherein the control unit (60) is provided on a
skid positioned away from the X-mas tree (3) but proximate to the well.

4. System in accordance with claim 1 or 3, wherein the control unit is provided on a
skid positioned at a manifold (50).

5. System in accordance with one of the preceding claims, wherein the actuation
unit (70) of the safety control system is provided by an actuation unit (70, 70a) in
the X-mas configuration as a tree control module, which actuation unit (70, 70a) is
arranged for communicating with the control unit.
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6. System in accordance with one of the preceding claims, wherein the actuation
unit (70) is a quick dump valve unit for dumping a control fluid from a pressure
source unit as for instance a spring unit (66, 67, 68, 69) of at least one valve (37, 40,
44, 45, 50, 54, 74) of the valve arrangement, thereby causing the valve to go to a fail
safe close position.

7. System in accordance with one of the claims 2-4, wherein the skid with the
control unit (60) attached, is a subsea tool (20), possibly a running tool for setting
and or removing the X-mas tree.

8. System in accordance with one of the preceding claims, wherein the valve
arrangement is provided by at least one barrier valve (37, 40, 44, 45, 50, 54, 74) of
the X-mas tree (3), where the control and operation of the at least one of barrier
valve is done by the control unit (60) and the actuation unit (70).

9. System in accordance with one of the preceding claims, wherein at least one of
barrier valves of the valve arrangement is controlled by the control unit and
operated by the actuation unit (70), is provided on a subsea tool, temporarily
connected to the well.

10. System in accordance with one of the preceding claims, wherein the control unit
is arranged for receiving operation signals from a topside location during
operations, through an umbilical (6) or through wireless system.

11. System in accordance with one of the preceding claims 1-9,

wherein the control unit is arranged to receive signals from a topside location
through the communication system of an ROV (5), connected to the control unit
during operation.

12. System in accordance one of the preceding claims,
wherein the pump is located on a ROV (5), and the fluid connection is provided by
fluid lines between the ROV and the interior of the well.

13.System in accordance with claim 1, wherein a ROV (5) is arranged to control the
valve arrangement by the control unit (60) arranged on the ROV.

14. Method for manipulating equipment in a subsea well comprising a X-mas tree
(3, 19) and controlling a barrier system, characterised by the following steps;
-providing a pump (30) subsea proximate to the well and providing a fluid source
(31) supplying fluid to the pump,
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- establishing a fluid connection for fluid flow between the subsea pump and a well
interior (10) via a main bore (138) and/or an annulus bore (139) of the X-mas tree
(3) to provide a closed system suitable for pressure and flow regulation,

-operating the pump to regulate the fluid flow and/or pressure between the pump
and the well interior through the fluid connection, thereby regulating the flow
and/or pressure of the fluid in the well interior for controlling the operation of
equipment (8, 9) arranged in the well,

- providing a temporary safety control system in a subsea position comprising a
control unit (60) and an actuating unit (70) for locally controlling and operating a
valve arrangement which is positioned subsea
-operating the valve arrangement by the control unit into a valve configuration
providing a barrier system between a reservoir in fluid communication with the well
interior and the surroundings,

-arranging the control unit for receiving signals (101) representing measured fluid
parameters and also other signals from subsea and or topside locations, and when at
least one signal deviates from an allowable signal value, operating the actuating
unit to switch from a normal operating mode to a well shut down mode by closing
the valve arrangement thereby forming a barrier between the reservoir and the

surrounding.

15. Method in accordance with claim 14,

wherein the equipment in the well comprises a barrier assembly

wherein the pump has a mode of operation generating pressure build up through the
fluid connection into the well interior for pressurization of the fluid of the well
interior with pressure necessary to operate the barrier assembly in the well interior
during the temporary fluid flow between the pump and the well interior, thereby
opening barrier equipment in the well, as plug or valves (8, 9).
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PATENTKRAV

1. System som er anbrakt for & manipulere utstyr i en undersjoisk brenn som

omfatter et juletre (3, 19) og styre et barrieresystem, som omfatter

- en undersjeisk pumpe (30) som er anbrakt 1 fluid forbindelse med et brenn-
indre (10) via et hoved-boring (138) og/eller et annulus-boring (139) 1 juletreet (3)
for a tilveiebringe et lukket system som er hensiktsmessig for trykk- og
stromningsregulering og etablering av en midlertidig fluidstrem mellom den

undersjeiske pumpen og det brenn-indre,
- en fluidkilde (31) som leverer fluid til den undersjeiske pumpen,

karakterisert ved at den undersjeiske pumpen har et operasjonsmodus for regulering
av stromningen og/eller trykket mellom pumpen og det brenn-indre for a operere

utstyr (8, 9) som er anbrakt i brennen,

- et sikkerhetsstyringssystem (60, 70) for a styre nedstenging av et
ventiloppsett (170) 1 en undersjoisk posisjon, der dette sikkerhetsstyringssystemet
ogsa er anbrakt i en undersjeisk posisjon og omfatter en styringsenhet (60) og en

aktueringsenhet (70) for lokal styring og operasjon av ventiloppsettet,

- ventiloppsettet blir drevet med styringsenheten inn i en ventilkonfigurasjon
som tilveiebringer et barrieresystem mellom et geologisk underoverflate-reservoar i

fluid kommunikasjon med det brenn-indre og et miljo som er eksternt for brennen,

- et flertall av sensorer (100) som er anbrakt for & male fluidparametere som
sendes som signaler (101) til styringsenheten, som ogsa mottar andre signaler fra
undersjeiske og toppside-lokaliseringer, der styringsenheten er konfigurert slik at
nar minst ett sendt signal avviker fra tillatt verdi sa aktiverer styringsenheten

aktueringsenheten for lukkingen av ventiloppsettet.

2. System ifelge krav 1,

der styringsenheten (60) er tilveiebrakt pa en skliramme som er posisjonert pa

toppen av juletreet (3).

345673



10

15

20

25

26

3. System ifelge krav 1,

der styringsenheten (60) er tilveiebrakt pa en skliramme som er posisjonert vekk fra

juletreet (3) med naert brennen.

4. System ifelge krav 1 eller 3,

der styringsenheten er tilveiebrakt pa en skliramme som er posisjonert pa en

manifold (50).

5. System ifelge ett av de foregaende krav,

der aktueringsenheten (70) for sikkerhetsstyringssystemet er tilveiebrakt med en
aktueringsenhet (70, 70a) 1 juletre-konfigurasjonen som en tre-styringsmodul, der

aktueringsenheten (70, 70a) er anbrakt for kommunikasjon med styringsenheten.

6. System ifelge ett av de foregaende krav,

der aktueringsenheten (70) er en hurtigdumpe-ventilenhet for & dumpe et
styringsfluid fra en trykkildeenhet som for eksempel en fjeerenhet (66, 67, 68, 69)
for minst én ventil (37, 40, 44, 45, 50, 54, 74) i ventiloppsettet, for derved a

forarsake at ventilen gar til en feilsikkerhets-lukkeposisjon.

7. System ifolge ett av kravene 2-4,

der sklirammen med styringsenheten (60) festet er et undersjoisk verktoy (20),

eventuelt et kjoringsverktoy for a sette og fjerne juletreet.

8. System ifelge ett av de foregaende krav,

der ventiloppsettet er tilveiebrakt med minst én barriereventil (37, 40, 44, 45, 50,

54, 74) 1 juletreet (3), der styringen og driften av den minst ene barriereventilen blir

utfort med styringsenheten (60) og aktueringsenheten (70).
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9. System ifelge ett av de foregaende krav,

der minst én av barriereventilene 1 ventiloppsettet er styrt av styringsenheten og
drevet med aktueringsenheten (70), er tilveiebrakt pa et undersjoisk verktoy,

midlertidig koblet til brennen.

10. System ifelge ett av de foregaende krav,

der styringsenheten er anbrakt for & motta operasjonssignaler fra en toppside-
lokalisering under operasjoner, gjennom en umbilikal (6) eller gjennom et tradlgst

system.

1. System ifolge ett av de foregaende kravene 1-9,

der styringsenheten er anbrakt for & motta signaler fra en toppsidelokasjon gjennom
kommunikasjonssystemet til en ROV (5), som er koblet til styringsenheten under

operasjon.

12. System ifelge ett av de foregaende krav,

der pumpen er lokalisert pa en ROV (5), og fluidforbindelsen er tilveiebrakt ved

fluidledninger mellom ROV’en og det indre av brennen.

13. System ifelge krav 1,

der en ROV (5) er anbrakt for a styre ventiloppsettet med styringsenheten (60)
anbrakt pa ROV’en.

14.  Fremgangsmate for a manipulere utstyr i en undersjoisk brenn som omfatter

et juletre (3, 19) og styre et barrieresystem, karakterisert ved de felgende trinn:

- tilveiebringe en pumpe (30) undersjeisk nart brennen og tilveiebringe en

fluidkilde (31) som leverer fluidet til pumpen,
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- etablere en fluidforbindelse for fluidstrem mellom den undersjeiske pumpen
og et brenn-indre (10) via en hoved-boring (138) og/eller en annulus-boring (139)
pa juletreet (3) for a tilveiebringe et lukket systemsom er hensiktsmessig for trykk-

og stremningsregulering,

- operere pumpen for a regulere fluidstremmen og/eller trykket mellom
pumpen og det brenn-indre gjennom fluidforbindelsen, for derved a regulere
stremningen og/eller trykket i fluidet i det brenn-indre for & styre operasjonen av

verktayet (8, 9) som er anbrakt i brennen,

- tilveiebringe et midlertidig sikkerhetsstyringssystem 1 en undersjoisk
posisjon som omfatter en styringsenhet (60) og en aktueringsenhet (70) for lokalt &

styre og drive et ventiloppsett som er posisjonert undersjgisk,

- operere ventiloppsettet med styringsenheten til en ventilkonfigurasjon som
tilveiebringer et barrieresystem mellom et reservoar som er i fluid kommunikasjon

med det brenn-indre og omgivelsene,

- anbringe styringsenheten for mottak av signaler (101) som representerer
malte fluidparametere og ogsa andre signaler fra lokaliseringer undersjeisk og pa
toppsiden, og nar minst ett signal avviker fra en tillatt signalverdi sa opereres
aktueringsenheten for & bytte fra et normalt operasjonsmodus til et brenn-
nedstengningsmodus ved a lukke ventiloppsettet for derved & danne en barriere

mellom reservoaret og omgivelsene.

15.  Fremgangsmate ifolge krav 14,

der utstyret 1 bronnen omfatter et barriereoppsett der pumpen har et
operasjonsmodus som genererer trykkoppbygging gjennom fluidforbindelsen inn i
det brenn-indre for a sett trykk pa fluidet i det brenn-indre med trykk som er
nedvendig for & operere barriereoppsettet i det brenn-indre under den midlertidige
fluidstremmen mellom pumpen og det brenn-indre, for derved a épne barriereutstyr

1 brennen, som plugg eller ventiler (8, 9).
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