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Riser installation method from an offshore production unit

The invention relates to a riser installation method wherein a riser is lowered
from a first vessel, and is towed with its termination end by a tug over the sea bed to a
termination point.

Such an installation method is known from WO 2004/035375 in the name of the
applicant. This publication describes a Floating Production Unit (FPU) that is anchored
to the seabed and that comprises one or more risers extending from the vessel to the
seabed. The FPU comprises lifting means for assembling and lowering risers vertically
towards the seabed. The lowered risers can be pulled out from the FPU by a tug boat
towards a pre-drilled wellhead and be connected to it so that hydrocarbons can flow
from the wellhead to the FPU were the hydrocarbons can be processed and/or stored
temporarily.

Another installation method connects different segments of a pipeline on shore
and tows the pipeline to the place where it is installed on the seabed. From Offshore
Technology Conference OTC 11875, Houston, Texas, 1-4 May 2000 with the title
"Hybrid Riser for Deepwater Offshore Africa", a riser pipe for deep waters is described
comprising a steel outer casing with a number of production risers, gas and water
injection lines. The riser pipe is assembled on shore and towed to location where it is
up righted and connected to the foundation on the seabed. The upper part of the riser is
connected to a submerged buoy. After installation of the hybrid riser pipe, the
submerged buoy is connected via flexible jumpers to the surface facility such as an
FPSO, which may be located at a distance between 70 m - 200 m from the submerged
buoy. The known method has the disadvantage that during installation of the risers all
at once, no hydrocarbon production and/or processing can take place. Furthermore,
installation requires special and dedicated installation equipment. Specialised
installation vessels are designed to work in as large as possible sea states and are hence,
sizeable and costly equipment.

From US-4,182,584 it is known to attach a freestanding marine production riser
for use in deepwater between a base portion and a submerged buoy. With a derrick-
equipped vessel, such as a semi-sub, the riser casing is lowered through the central part
of the buoy and coupled to the bottom until the rigid riser part is completed. Next, a

flexible hose is attached to a surface facility for hydrocarbon production and
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processing. Again, the use of separate, purpose build vessels for riser installation and
for hydrocarbon production/processing requires scheduling and mobilising the
installation vessel to site at large day rates and the demobilisation of the installation
vessel after installation of the riser.

A deepwater field development may consist of several sub sea wells separated by
long distances from a centralized FPU. These wells are tied back to the FPU via steel
pipelines, and the risers may terminate on the production unit as SCRs. A large field
scenario may take years to fully develop. Depending on drilling and completion
schedules, construction vessels may be mobilized multiple times in order to connect the
wells to the FPU. These vessels can cost millions of dollars to mobilize, and their
working rates may exceed one or two hundred thousand dollars per day. It is therefore
advantageous to minimize or eliminate the need for these vessels by self-installing the
pipelines and risers from the drilling rig vessel.

The method of WO 2004/035375 describes a pipeline installation method without
the use of a special pipe lay vessel, the termination part of the pipeline being installed
on the sea bed or on a submerged buoy. When attaching the pipeline to a surface vessel,
such as a FSU, the departure angle relative to the vertical should be accurately
determined to prevent fatigue weakening during use, and should be for instance
between 10° and 20°.

It is an object of the present invention to provide an installation method, which
avoids the use of dedicated pipe-lay vessels and with which the departure angle of the
risers attached to a surface vessel or to a submerged buoy can be accurately controlled.

Hereto the installation method according to the present invention comprises by
the steps of:

a.  providing a first vessel situated over a hydrocarbon well ,

b.  supporting a hydrocarbon transfer duct from the first vessel by a first end that is
attached to a lowering device on the first vessel,

c.  attaching a second end of the hydrocarbon duct to a second vessel, at a position
near the first vessel,

d.  lowering the transfer duct via the lowering device,

e.  increasing the distance of the second vessel from the first vessel by sailing the

second vessel in the direction of a third vessel, which is moored in a mooring position
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at a distance from the first vessel, while pulling the transfer duct until the second vessel
1s near the third vessel,
f. contacting a section of the transfer duct with the sea bed at a position between the
first and second ends of the transfer duct,
g.  displacing the second end of the transfer duct over a distance from the first
vessel, seen in the length direction of the transfer duct, which is larger than the distance
between the first vessel and the mooring position of the third vessel,
h.  returning the second end of transfer duct to the mooring position of the third
vessel, and
f bringing the second end of the hydrocarbon transfer duct in fluid communication
with the third vessel.

By pulling the pipe-string, which may be a Steel Catenary Riser (SCRI) via the
second vessel, such as a tug boat, across the sea bed to the third vessel (FSU), a simple
installation method is achieved without the use of an expensive pipe lay vessel. The
method provides increased flexibility in riser installation and hydrocarbon production
and/or processing avoiding complex scheduling of the installation vessel and allowing
riser installation at any suitable moment.

When pulling the pipe-string across the sea bed, the pulling angle relative to the
vertical will be larger, in order to properly transmit the horizontal pulling force, than
the required departure angle of the pipe-string form the third vessel or mooring buoy to
which it is attached during use. By pulling the pipe-string further than the mooring
point of the surface vessel or (submerged) buoy to which the termination end of the
pipe-string is attached, the contact position of the pipe string with the sea bed is shifted
towards the mooring position and the departure angle of the pipe-string is increased to
the optimal value. As the pipe is not inspectable in this area the rules require the fatigue
calculations to show a life of 10x the expected life of the pipe; i.e. for a 25 year field
life the analysis must show a 250-year life. The designer will therefore take into
account the vessel motions for 25 years and different angles of the pipe with soil
parameters in the touchdown zone to determine what an acceptable angle is for the
expected pipe motion. Generally a less vertical angle was found to increase the fatigue
life. As less vertical angles result in larger loads on the vessel it is preferred to keep the
angle as vertical as possible. 15 to 20 degrees from vertical are preferred angles,

however in deeper water the angles may be smaller.
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The pipe string can be handed over from the second vessel to the FSU, at the side
nearest the first vessel, so that the vessel can sail around the FUSU to pick up the pipe
string at the side away from the first vessel. In that position the pipe-string can be
pulled underneath the FSU past its mooring point, so that the pipe departure point from
the sea bed is shifted sufficiently close to the FSU in order to obtain the desired
departure angle. Next, the second vessel can return to the FSU to connect the
termination end of the pipe-string. In this step the second vessel does not exert a very
large pulling force, and can hence approach the FSU at a relatively close distance
without the risk of collision in view of varying soil resistance as occurs during pulling
of the pipe-string across the sea bed.

In an alternative method, the pipe-string is pulled past its mooring position by
temporarily changing the mooring position of the third vessel. A first set of anchor lines
facing the first vessel is slackened while a second set of anchor lines situated at a side
facing away from the first vessel is tensioned, whereafter the firs set is tensioned and
the second set is slackened.

In one embodiment, the first vessel comprises a drilling and/or work over vessel
that is situated over an offshore hydrocarbon well. After or during drilling or work over
activities on a hydrocarbon well, the pipe string can be towed to the third vessel and be
connected at its termination end, whereafter its initiation end can be connected to the
newly drilled well. In this manner multiple pipe strings or risers can be connected
during the drilling of several wells, wherein the pipe-string installation process can
occur simultaneously with the drilling operations.

In an embodiment of a riser installation method, according to the present
invention, the pulling force exerted by the second vessel is intermittently increased and
lowered to tow the transfer duct across the sea bed by a predetermined distance,
followed by resting the transfer duct in a stationary state by repeating steps d and e. In
case the pipe-string is made up of segments, which may be welded together or
connected by threaded connectors, the intermittent pulling force can be synchronised
with the pipe-assembly rate of the segments, and with the lowering cycle of the pipe-
string. The distance by which the pipe-string is pulled in each cycle can correspond to
the length of one or more segments, a segment having a length of for instance between

10 and 50 m. As the pipe length resting on the sea bed increases, the required pulling
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force will increase, which can be more effectively transferred in short spans of high
power than as a continuous force.

In case of supplying the pipe-string from a spool or in case of using a dual
drilling vessel which can lower two drill strings at one time and on which a continuous
assemblage of pipe-segments can take place, a slow and continuous pulling force may
be utilised to tow out the pipeline. A “dual drilling” vessel can perform drilling and
separately a work-over activity at two wells at the same time or have two drill strings
with different diameters for efficient drilling of one well. Such drilling vessels can have
two drilling towers or a simple drilling tower were at the same time two drill strings
can be assembled for efficiency purposes and to reduce the offshore drilling time
(single or double derrick MODU). These dual drilling vessels are well known and used
in the industry and for example described in patents US6047781and US6068069, with
title “Multi-activity offshore exploration and/or development drilling method and
apparatus”, which are both in the name of Transocean.

In order to accommodate for the bending of the transfer duct during installation,
which assumes a catenary configuration, a guide member may be provided on the first
vessel via which the transfer duct is guided along a curved path at an angle to the
vertical from the first vessel in the direction of the sea bed. The guide member may for
instance comprise a “stinger” that is placed near or below keel level of the first vessel,
and comprising a number of bumpers of increasing diameter with distance below the
rig. The series of bumpers forms a trumpet-like surface that has a radius (in the vertical
plane) which limits the bend radius of the pipe-string and that keeps it from yielding
when being pulled sideways to the angle required to deploy the pipe-string.

Adjustment of the take-off angle of the pipe-string or riser from the first vessel
can also be effected by ballasting the first vessel to that its vertical centre line is tilted
in the direction of the pipe-string. In this manner, no special provisions need to be taken
for guiding the pipe string along a curved trajectory at the take-off point from the first
vessel.

Some embodiments of a method according to the present invention will be
explained in detail with reference to the accompanying drawings. In the drawings:

Fig. 1 shows a schematic representation of a drilling/work-over rig connected to a

FPU via a steel pipe line supported on the sea bed,
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Fig. 2 shows a schematic representation of a FPU connected to a floating
structure, such as an export terminal, via a pipe line supported on the sea bed,

Fig. 3 schematically shows the departure angle of the pipe line at the tug during
towing,

Fig. 4 schematically shows a layout of a dual drilling/work-over rig and a turret-
moored FPU,

Figs. 5. and 6. show a side view and top view respectively of a pipe line being
towed from the drilling/work over rig of fig. 4 to the FPU via a tug,

Figs. 7-11 schematically show the pipe line being towed beyond the mooring
position of the FPU, and then connect to the FPU,

Figs. 12-14 schematically show the pipe line being towed beyond the mooring
position of the FPU via selective tightening and slackening of the FPU anchor lines,

Figs. 15 and 16 show attachment of the termination end of the pipe string to a
submerged buoy,

Fig. 17 shows controlled tilting of the drilling/work-over rig to adapt the angle of
departure of the rig to that of the catenary pipe string, and

Fig. 18 shows the use of a guide member for controlled bending of the pipe line.

Fig. 1 shows a drilling/work over rig 1 which is connected to a sub sea well 2 on
the sea bed 3 via a drill string 4. A pipe line 5 is with an initiation end 6 connected to a
lowering and lifting device 7 of the rig 1 extends at an angle of departure B to the
vertical of between 3° and 10% The pipe line 5 is supported on the sea bed and extends
towards a FPU 8, which is moored to the sea bed via mooring lines 9 at a distance D of
for instance between 500 m and 10 km. The pipe line 5 extends from a point of
departure 10 on the sea bed, upwards to the FPU. The termination part 11 of the pipe
line extends at an angle of departure o of between for instance 10° and 20°. The upper
part 12 of the pipe line 5 may comprise a Steel Catenary Riser (SCR). The water depth
may be between 500m and 3000m.

Installation of the pipe line 5 involves pulling the termination end 11 from the
rig to the FPU 8 by way of a sub sea Pipe Line End Termination (PLET) or a Steel
Catenary Riser (SCR) configuration near or directly to a Floating Production Unit
(FPU) 8 which can be a FPSO, a Spar, a Semi-sub, a TLP, etc. The pipe line 5 is pulled
across the sea bed 3 until the point of departure 10 is in the right position in order to

obtain the desired angle of departure a. After installation, the initiation end 6 of the
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pipe line 5 may remain attached to the rig 1, or may be lowered, under ROV control, to
be connected to hydrocarbon well 2. Once the pipe 5 is laid, the rig 1 can have the
initiation end 6 of the pipeline 5 either attached to it or to the sub sea location 2.

During drilling or work over activities, the pipe line 5 or SCR can be assembled
simultaneously at the drilling vessel 1 and be pulled out from the drilling vessel
towards the FPU 8 with the help of a tugboat during stable weather conditions.

Drilling rig vessels 1 are normally used to drill or work-over wells 2. After the
well 2 is drilled or as explained above even during the drilling of the new well, the
assembling of a new SCR or pipe line 5 can start and the tugboat can drag the pipe line
into the right position. This procedure can be repeated while one pipeline is already
installed and there is a hydrocarbon flow from one wellhead to the FPU. When a
pipeline or SCR is disconnected from the drilling rig 1 and connected to the wellhead 2,
hydrocarbon production and processing can start at the FPU 8. Additional pipelines can
be installed from new wellheads drilled at the same place or the drilling rig vessel 1 can
be moved to a different place and start drilling a new well.

In the embodiment of Fig. 2, the FPU 8 is connected to the initiation end 6 of
the pipe line 5, and a third vessel, such as an export buoy 13, is attached to the
termination end 11 of the pipe line 5. Upon installation, the termination end 11 is
transferred from the FPU 8 to the vessel or buoy 13 via a tug.

In Fig. 3, a tug 20 is shown towing the termination end 11 of pipe line 5 across
the sea bed 3 from drilling/work over rig 1, to the FPU 8. The termination end 11 is
attached to a cable or chain 23 which is attached to a winch 21 on the tug. The angle of
departure y with the vertical during towing is between 20° and 50 degrees in order to
properly transfer a horizontal pulling force on the pipe line 5. The pipe line 5 may be
made up of pipe segments which each may have a length of for instance 10-50 m and
which are attached to the initiation end 6 by welding, but preferably by threaded
connections. The lowering device 7 may be of the type that is described in WO
2004/035375 comprising a fixed and a movable clamp which alternately engage with
the initiation end 6 for attaching pipe-segments of lowering of the pipe line 5.

Figure 4 shows a dual drilling vessel 1 with two drill strings 4,4’, each
extending to a respective sub sea well 2,2°, If there are no drilling activities at the dual
drilling vessel 1, the dual drilling equipment aboard can be used for very efficient and

quick assembling of the pipeline/SCR 5 as simultaneously two pipe segments for 1
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pipeline or even two pipelines can be assembled at the same time. In this configuration
a continuous assemblage of the pipeline 5 aboard the drilling vessel 1 is possible such
that a slow, but continuous pullout of the pipeline 5 by the tugboat 20 could be done
even without any stops.

As can be seen from Fig. 4, the FPU 8 and comprise a turret 25, anchored to the
sea bed 3, around which the vessel can weathervane depending on wind and current
directions. As shown in Fig. 5, the tug 20 pulls out the pipe line 5 while the length
increase by segments being attached to the initiation end 6. The tug 20 sails towards the
FPU 8 such that it approaches the FPU 8 between the mooring lines 9,9°.

A difficulty in the pipe pullout procedure when the pipeline 5 is dragged over
the seabed 3 is the unknown of soil friction on the pipe 5. As the pipe is sometimes
stopped or sliding this pullout is uncertain as there is a static and dynamic soil friction.
The static soil friction being larger than the dynamic friction means once the pipe slides
the amount of sliding is dependent on the ratio of static to dynamic friction and the
catenary configuration of the pipe and cable being used by the pulling tug. It is
necessary to keep a safe distance when the tugboat 20 pulls towards the FPU 8 to
account for the vessel motion toward the FPU when the pipe slides and also in the
event the pulling cable should break. In case sliding of the pipe occurs, the vessel will

move forward as the tension in the pulling cable drops.

As can be seen in Fig. 7, the pipeline 5 is pulled up to the back of the tug and
connected by way of a tri-plate to an installation line 27, extending from the FPU 8.
The termination end 11 of the pipeline 5 is then lowered by the tug 20 until the FPU
line 27 takes the pipe tension. The tug now releases itself from the pipe. The FPU line
27 is brought to the far side 29 of the FPU, as is shown in Fig. 8 where it is reattached
to the tug 20, which has moved around the FPU. The attachment is made by way of the
line 23 from the tug and a tri-plate. Once this line 23 is fixed to the tug 20, the pipe
tension is again transferred to the tug, which can now pull the pipe 5 beyond the
mooring position of the FPU 8§, in order to place the take off point 10 at which the

pipeline 5 leaves the sea bed 3, in the desired location, as shown in figure 9.

The installation line 27 is then transferred back to the FPU 8 and taken up on a winch
30, which then pulls the pipe 5 into its final configuration in which it is connected to
the FPU, as shown in Fig. 11. Should the FPU be spread-moored, the pipe line 5 will be

connected to the side, bottom or moon pool of the vessel. Should the FPU be turret
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moored the pipe will be attached to the turret 25. As shown in Fig. 10 and 11, the
initiation end 6 of the pipeline 5 is lowered from the drilling/work over rig 1 by a cable

31, to be attached to the hydrocarbon well 2.

In the embodiment of Fig. 12, the FPU 8 is of a spread moored type, with
mooring lines 33, 34. The mooring lines 33 are paid out, while the mooring lines 34 are
tightened, such that the FPU is shifted away from its regular mooring position. The
installation line 23 at the termination end 11 of the pipeline 5 is transferred to the FPU,
which is then moved back to its equilibrium mooring position by tightening mooring
lines 33 and slackening mooring lines 34, such as shown in Figure 13. At the same
time, the initiation end 6 of the pipeline 5 is lowered by a cable 31. As can be seen in
Fig. 14, the mooring position of the FPU 8 is brought back to the equilibrium distance
D, such that the point of departure 10 is situated close enough to the FPU and the angle

of departure a of the termination end of the pipeline 5 is within the desired range.

In the embodiment shown in Figs. 15 and 16, the termination end 11 of the
pipeline 5 is attached to a submerged buoy 35, which is anchored to the seabed 3 via a
cable 36. The point of departure 10 is now situated close enough the buoy 35 to ensure

that the angle o is again in the range of between 10° and 20°.

In Fig. 17 it is shown that the drilling/work-over rig 1 comprises ballast tanks
40, 41, which are filled with water to such extent that the vertical centreline 42 is tilted
from the vertical by about 2°-4° in order to ensure that the departure angle B is between
3%and 6°.

In the embodiment of Figure 18, a guide member 43 extends from the bottom of
the rig 1. The guide member 43 may comprise pipe bend limiting rollers (referred to as
a stinger on a pipe lay-vessel) to keep the pipe from over-bending due to this static and
some additional wave induced dynamic angles. The stinger has a series of concentric
circular bumpers that increase in diameter with distance below the rig. This series of
bumpers effectively forms a trumpet like surface that has a radius (in the vertical plane)
which limits the pipeline bend to one that keeps it from yielding when being pulled
sideways to the angle required to deploy the pipeline. The combination of a slight trim

and stinger at the drilling vessel 1 is also possible.
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Claims

1. Riser installation method comprising the steps of:

a.  providing a first vessel situated over a hydrocarbon well ,

b.  supporting a hydrocarbon transfer duct from the first vessel by a first end that is
attached to a lowering device on the first vessel,

c.  attaching a second end of the hydrocarbon duct to a second vessel, at a position
near the first vessel,

d.  lowering the transfer duct via the lowering device,

e.  increasing the distance of the second vessel from the first vessel by sailing the
second vessel in the direction of a third vessel, which is moored in a mooring position
at a distance from the first vessel, while pulling the transfer duct until the second vessel
1s near the third vessel,

f. contacting a section of the transfer duct with the sea bed at a position between the
first and second ends of the transfer duct,

g.  displacing the second end of the transfer duct over a distance from the first
vessel, seen in the length direction of the transfer duct, which is larger than the distance
between the first vessel and the mooring position of the third vessel,

h.  returning the second end of transfer duct to mooring position of the third vessel,
and

f.  bringing the second end of the hydrocarbon transfer duct in fluid communication

with the third vessel.

2. Riser installation method according to claim 1, wherein the second end of the
hydrocarbon transfer duct is transferred from the second vessel to the third vessels
when the second vessel is positioned between the first and the third vessel, whereafter
the second vessels sails to the side of the third vessel that is situated away from the first
vessel, whereafter the second end of the transfer duct is transferred to the second vessel
which sails away from the first vessel by a further predetermined distance and is then
returned to the third vessel, whereafter the second end of the transfer duct is transferred

to the third vessel or to a buoy.
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3. Riser installation method according to claim 1, wherein after attaching the
transfer duct to the third vessel, the third vessel is moved away from the first vessel in
the length direction of the transfer duct, from its mooring position, and back to the

mooring position.

4.  Riser installation method according to claim 3, wherein a first set of anchor lines
facing the first vessel is slackened while a second set of anchor lines situated at a side
facing away from the first vessel is tensioned, whereafter the firs set is tensioned and

the second set is slackened.

5. Riser installation method according to any of the preceding claims, wherein the
first vessel comprises a drilling and/or work over vessel that is situated over an offshore

hydrocarbon well.

6.  Riser installation method according to any of the preceding claims, wherein the
pulling force exerted by the second vessel is intermittently increased and lowered to
tow the transfer duct across the sea bed by a predetermined distance, followed by

resting the transfer duct in a stationary state by repeating steps d and e.

7. Riser installation method according to any of the preceding claims, characterised
that the transfer duct comprises segments, wherein step d is preceded by attaching a

transfer duct segment to the first end of the hydrocarbon transfer duct.

8.  Riser installation method according to claims 6 and 7, wherein the predetermined

distance corresponds to a length of one or more segments.

9. Riser installation method according to claim 7 or 8, wherein the segments are

interconnected using mechanical couplers, preferably threaded couplers.

10. Riser installation method according to claim 7 or 8, wherein the segments are

interconnected by welding.
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11. Riser installation method according to any of the preceding claims, wherein the
first vessel is provided with a guide member via which the transfer duct is guided along

a curved path at an angle to the vertical from the first vessel in the direction of the sea

bed.

12.  Riser installation method according to any of the preceding claims, wherein the
first vessel comprises ballast tanks, which are ballasted on one side of the vessel to
incline a vertical centre line of the vessel in the direction of the hydrocarbon transfer

duct.

13. Riser installation method according to any of the preceding claims, wherein at
least one drilling rig is provided on the first vessel, that is adapted to extend two drill

strings from the vessel to a sub sea hydrocarbon well.

14. Riser installation method according to claim 13, one drill string being connected
to a hydrocarbon well, while a transfer duct is being installed according to the method

of any of claim 1-8.

15. Riser installation method according to any of the preceding claims, wherein the
second end of the riser is attached to a submerged buoy, a flexible hose connecting the

second end to the third vessel.
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