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SUBSEA ORIENTATION AND CONTROL SYSTEM

Field of the invention

The present invention relates to subsea wellhead stacks. More specifically, the
invention relates to tools and methods for installation of wellhead stacks, such
as wellhead XT (Christmas trees) and associated equipment.

Background of the invention and prior art

Currently, subsea wellhead stacks are typically installed by using a drilling rig
and a string of drillpipe for deployment. A separate umbilical from the rig to the
wellhead equipment provides pressurized fluids for testing and commissioning,
in addition to electric power and control lines. Typically one or more ROV's are
also used in the operation. The time and equipment used is very expensive. In
shallow waters, if the drilling rig is on the field and has commenced drilling and
then is used to install a few production XT (Christmas trees) and other related
equipment, this can be sensible, particularly if the drilling rig still is under
contract. However, in deep water, which can be thousands of meters of depth,
and with a large number of wellheads, the cost can be tremendous. Sometimes
the rig must return for further testing or installation, which adds to the costs. The
operation of joining drill pipes to lengths of up to several thousand meters, and
large drums with umbilicals, installations for hydraulic power units, hydraulic
liquid storage and gas for testing, are all expensive and time consuming. The
heavy weight and size require large space, and may require several containers
on deck on the rig. Therefore, a demand exists for technology useful for
installation and testing of subsea wellhead stacks without using a drilling rig,
and technology that make significant cuts in the required equipment and the
period of time for such operation.

Summary of the invention

The present invention meets the above mentioned demand.
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2
More specifically, the invention provides a tool for subsea installation and
testing of wellhead modules such as Xmas trees and similar equipment, from a
ship using a ship crane, distinctive in that the tool comprises

a subsea unit comprising a connector for releasable connection to
subsea wellhead modules or equipment, means for positioning and means for

testing, and a connector for electric power and electric and/or optical control.

The tool has no supply of hydraulic liquid or gas via umbilical or other pressure
line from the surface, as only electric power and electric and/or optical control
signals are transferred between the surface position and the wellhead area. The
tool is adapted for being handled by a ship crane, as hanging in a wire or rope
connected via lifting lugs, a spreader or similar means. The tool comprises a
topsides control means and connection to electrical power and control means,
in addition to the subsea unit. The subsea unit is connected to the topsides
facilities by an electrical/optical umbilical, optionally via an ROV connected to
the subsea unit, i.e. the umbilical of a work-ROV system can be used for power
and control. Accordingly, there is no riser or hose for pressurized fluid from the
ship down to the tool, neither for installation, commissioning nor testing, which
provides a huge advantage of the invention over conventional technology,
particularly where the depth is large and the wellhead stacks are many.

The tool is useful for installation and testing of all functions, and communication
to all sensors, for subsea equipment, particularly wellhead production X-mas
trees, -modules, pumps compressors and units of different types, particularly
equipment that is too heavy and/or large to be installed and tested using

conventional ROV systems and tools.

Preferably, the tool comprises means for connecting the subsea unit to an ROV
(remotely operated vehicle) for power and control of the subsea unit from a
topside control unit via the ROV and its umbilical. The means for connecting to
an ROV is preferably one or more docking stations with receptacles and
connectors operatively connectable with corresponding means of the ROV.

Connectors are separate or common for hydraulic power, electric power and
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signals, most ROV operators can provide such connectors, for example hot

stabs with inductive or contact connectors for electric power and/or signals.

The means for positioning preferably comprises thrusters integrated in the tool
and thrust force applied from optional docked ROV'’s, in addition to a crane on
the ship. Also the lifting lugs, spreaders, etc, can be considered as means for

positioning, allowing positioning by being hung up in a crane wire or rope.

The subsea unit preferably comprises means for determining the position and
orientation, comprising a gyro in the subsea unit, the positioning system of an
optionally connected ROV, and optional further position sensors in the subsea
unit, wellhead modules and equipment, and wellhead instrumentation, and

optional cameras on the tool and wellhead modules or equipment.

The tool comprises means for testing and commissioning, preferably comprising
fluid banks, such as nitrogen gas accumulators and cylinders for seal and
pressure testing; and means for mechanical connection to the wellhead and
disconnection of the subsea unit after operation testing of mechanical functions,
such as valve functions, and hydraulic liquid filling, such as an MEG bank and a
hydraulic power unit in the subsea unit or/and in an optional ROV system
connected via hot stabs or similar. Preferably the subsea unit has a hydraulic
power unit comprising a hydraulic motor driven by the hydraulics of the ROV,
the hydraulic circuits of the subsea unit conveniently using MEG as hydraulic
fluid.

The invention also provides a method for installation of subsea wellhead
modules or equipment, such as a XT (Christmas tree), from a ship using a ship
crane, using the tool of the invention, distinctive by deploying the wellhead
module or equipment releasably connected to the subsea unit of said tool, using
a mechanical connector and the ship crane but without umbilical or line
providing liquid or gas from the surface, but using the tool as connected to a
fluidless electrical or electrical-optical umbilical or a ROV for positioning and
connecting to a subsea wellhead.
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Preferably the method also comprises steps for pressure and function testing,
and disconnecting the tool from the wellhead module or equipment after said
testing.

Further, the invention provides means for pressure testing of subsea wellhead
modules or equipment, distinctive in that the means comprises a gas filled
accumulator and a gas filled cylinder, having connectors for sealingly
mechanical connection and connectors for power and control, for operatively
connecting to the subsea wellhead module or equipment for testing. The means
is included in the tool of the invention or is included or releasably connected to

other subsea equipment, like pumps, compressors and subsea modules.

Also, the invention provides a method for installation of subsea wellhead
modules such as Xmas trees and similar equipment, from a ship using a ship
crane, using the tool of the invention, distinctive by:

sealingly connecting a gas filled accumulator and a gas filled cylinder,
and connectors for power and control, to the subsea module or equipment,

evacuating water from the volume to be tested, by opening the
accumulator in order to displace the water with gas,

pressurizing to test pressure, by operating the cylinder, and

monitoring the pressure for a prescribed period of time.

Figures
The invention is illustrated with four figures, of which:

Figure 1 illustrates a tool according to the invention, before connection to a
wellhead,

Figure 2 illustrates the tool of Fig. 1, still before connection to a wellhead, but as
connected to a ROV,

Fig. 3 illustrates the tool of Fig. nos 1 and 2, as connected to a wellhead, and

Fig. 4 is a more detailed illustration of a tool of the invention.

Detailed description

Reference is made to Fig. 1, illustrating a tool according to the invention, more

specifically a subsea unit 1 of the tool, as releasably connected to a subsea x-



10

15

20

25

WO 2011/128355 PCT/EP2011/055765
5

mas tree 2, for connection to a subsea wellhead 3. The assembly is deployed
as hanging from a ship 4. Also, a ROV 5 is illustrated, operated from the ship.
Reference is then made to Fig. 2, illustrating that the ROV has docked to the
subsea unit 1. In the illustrated embodiment, the assembly of the subsea unit 1
and the x-mas tree 2 hangs in a rope from the ship, and electric power and
control signals are provided via the ROV, via the electrical-optical umbilical of
the ROV, using the hydraulic power unit of the ROV for driving a hydraulic
system of the subsea unit via a hydraulic converter pump. Alternatively, the
subsea unit could be directly connected to a fluidless umbilical, the subsea unit
per se including all means for operating and testing mechanical, electrical and
any other devices, or the means could be provided from the ROV system to a
full or larger extent. Also, an observation ROV can be used to facilitate the
operation. The illustrated subsea unit weighs about 24 metric tons, the
releasably connected x-mas tree weights about 40 metric tons. Fig. 3 illustrates
the x-mas tree 2 as connected to the wellhead 3. After testing connection, valve
functions and communication with all sensors in the subsea system, the subsea

unit 1 is disconnected from the x-mas tree.

Fig. 4 is a more detailed illustration of a tool of the invention. Similar items are
designated with the same reference numerical in all figures. Fig 4 clearly shows
inter alia a ROV docking station on the subsea unit, as receptacles 6 and hot

stab ports 7 are illustrated.
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CLAIMS

1.
Tool for subsea installation and testing of wellhead modules such as Xmas
trees and similar equipment, from a ship using a ship crane,
characterised in thatthe tool comprises

a subsea unit comprising a connector for releasable connection to
subsea wellhead modules or equipment, means for positioning and means for

testing, and a connector for electric power and electric and/or optical control.

2.

Tool accordingtoclam1, characterised in thatthe tool has no

supply of hydraulic liquid or gas via umbilical or other pressure line from the
surface, as only electric power and electric and/or optical control signals are
transferred between the surface position and the wellhead area.

3.

Tool accordingtoclam1or2, characterised in thatitcomprises
means for connecting the subsea unit to an ROV (remotely operated vehicle) for
power and control of the subsea unit from a topside control unit via the ROV

and its umbilical.

4,
Tool accordingtoclam1, characterised in thatthe means for
positioning comprises thrusters integrated in the tool and thrust force applied

from optional docked ROV'’s, in addition to a crane on the ship.

5.

Tool accordingtoclam1, characterised in thatthe subsea unit
comprises means for determining the position and orientation, comprising a
gyro in the subsea unit, the positioning system of an optionally connected ROV,
and optional further position sensors in the subsea unit, wellhead modules and
equipment, and wellhead instrumentation, and optional cameras on the tool and

wellhead modules or equipment.
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6.

Tool according to any one of clam 1-5, characterised in thatthe
tool comprises means for testing and commissioning, comprising fluid banks,
such as nitrogen gas accumulators and cylinders for seal and pressure testing;
and means for mechanical connection to the wellhead and disconnection of the
subsea unit after operation testing of mechanical functions, such as valve
functions, and hydraulic liquid filling, such as MEG banks and hydraulic power
unit in the subsea unit or in an optional ROV system connected via hot stabs or

similar.

7.

Method for installation of subsea wellhead modules such as Xmas trees and
similar equipment, from a ship using a ship crane, using the tool of any one of
clams1-6, characterised by deploying the wellnead module or
equipment as releasably connected to the subsea unit of said tool, using the
ship crane but without any umbilical or line providing liquid or gas from the
surface, but using the tool as connected to a fluidless electrical or electrical-
optical umbilical or a ROV for positioning and connecting to a subsea wellhead.

8.

Method accordingtoclaim6, characterised in thatthe method also
comprises steps for pressure and function testing, and disconnecting the tool
from the wellhead module or equipment after said testing.

9.

Means for pressure testing of subsea wellhead modules or equipment,
characterised in thatthe means comprises a gas filled accumulator
and a gas filled cylinder, having connectors for mechanical seal connections
and connectors for power and control, for operatively connecting to the subsea
wellhead module or equipment for testing.
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10.
Method for pressure testing of subsea wellhead modules or equipment, using
the meansofclam9, characterised by
sealingly connecting a gas filled accumulator and a gas filled cylinder,
and connectors for power and control, to the subsea module or equipment,
evacuating water from the volume to be tested, by opening the
accumulator in order to displace the water with gas,
pressurizing to test pressure, by operating the cylinder, and
monitoring the pressure for a prescribed period of time.
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