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(57) Abstract: An offshore riser sys-
tem comprising a tubular from a sea
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tion, adapted to maintain a shape of
the curved portion and enable a con-
nection of a vessel to the second por-
tion.
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FREE STANDING STEEL CATENARY RISERS

Field of the Invention

The invention generally relates to a free standing steel catenary riser that can
be preinstalled before host arrival.

Background of the Invention

PCT Publication number W02008042943, having attorney docket number
TH2849 discloses a floating system positioned in a body of water having a water
bottom, the system comprising a host member floating on a surface of the water; a
flotation module floating under the surface of the water; a flexible hose connecting the
host member to the flotation module; and an elongated underwater line structure,
comprising a top portion connected to the flotation module; a bottom portion
extending to the water bottom and adapted to connect to a flowline lying on the water
bottom; and at least one of the top portion and the bottom portion comprising a
catenary configuration. PCT Publication number WQ02008042943 is herein
incorporated by reference in its entirety.

PCT Publication number W0O2008036728, having attorney docket number
TH2982 discloses a floating system positioned in a body of water having a water
bottom, the system comprising a host member floating in the water; an elongated
underwater line structure, comprising a top connected to the host; a bottom extending
to the seabed and adapted to connect to a flowline lying on the seabed; a first portion
of the line structure being shaped concave upward; a second portion of the line
structure being shaped concave upward; and a transition segment between being
shaped concave downward, the transition segment located between the first portion
and the second portion. PCT Publication number WQ2008036728 is herein
incorporated by reference in its entirety.
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Summary of the Invention

One aspect of the invention provides an offshore riser system comprising a
tubular from a sea floor to a sea surface comprising a first horizontal portion at the
sea floor; a second vertical portion near the sea surface; and a third curved portion
located between the first and second portions; and a buoyancy module connected to
the second portion, adapted to maintain a shape of the curved portion and enable a
connection of a vessel to the second portion.

Another aspect of the invention provides a method of installing an offshore
riser system comprising laying a first horizontal portion of a tubular on a sea floor;
connecting a second vertical portion of the tubular to a flotation module at or near a
sea surface; forming a third curved portion between the first horizontal portion and the
second vertical portion; connecting the second portion to a floating host vessel; and
disconnecting the flotation module from the second portion.

Brief Description of the Drawings

Figure 1 shows an example of a steel catenary riser during installation
according to one or more embodiments of the present disclosure.

Figure 2 shows an example of a steel catenary riser after installation according
to one or more embodiments of the present disclosure.

Figure 3 shows an example of a steel catenary riser during installation
according to one or more embodiments of the present disclosure.

Figure 4 shows an example of a steel catenary riser during installation
according to one or more embodiments of the present disclosure.

Figure 5 shows a free-standing mode of a free standing steel catenary riser
according to one or more embodiments of the present disclosure.

Figure 6 shows a connection mode of a free standing steel catenary riser
according to one or more embodiments of the present disclosure.

Detailed Description of the Drawings
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Exemplary embodiments of the invention will be described with reference to
the accompanying figures. Like items in the figures are shown with the same

reference numbers.

In embodiments disclosed herein, numerous specific details are set forth in
order to provide a more thorough understanding of the invention. However, it will be
apparent to one of ordinary skill in the art that the invention may be practiced without
these specific details. In other instances, well-known features have not been
described in detail to avoid obscuring the invention.

Offshore drilling and production may use a pipeline extending from the offshore
production site on the seafloor, where the fluid product is extracted, to a product
storage area. In one example of offshore drilling and production, the product storage
area is disposed on a host vessel to which the pipeline is connected to allow for the
fluid product to flow into the product storage area. An example of such a pipeline is a
steel catenary riser.

One or more embodiments of the disclosure relates to a buoyancy device for a
steel catenary riser that allows the steel catenary riser to be pre-installed prior to
arrival of a host vessel, while maintaining a catenary profile such that the steel
catenary riser can be immediately attached to the host vessel upon its arrival, and
fluid product can be extracted from the offshore drilling site without waiting for
installation of the steel catenary riser after arrival of the host vessel.

Figures 1-2:

A pipeline 17 may be formed into a steel catenary riser 20 using any of various
different installation methods, several examples of which are detailed below.
However, the installation methods are given below only as examples, and
embodiments of the present disclosure are not limited thereto.

Figs. 1-2 show one example of a steel catenary riser installation. A host vessel
10, which floats on a body of water 100, and which may be, for example, a large
tanker, initially contains the pipeline 17 that will form the steel catenary riser 20. A
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distal end 23 of the pipeline 17 is attached to a secondary vessel 15, e.g., a tugboat,
that is generally smaller and more mobile than the host vessel 10.

The host vessel 10, which stays substantially stationary, incrementally lowers
the pipeline 17 for a first period while the secondary vessel 15 travels away from the
host vessel 10. Although here, the pipeline is shown being lowered through a
receptacle 11 to which a near end 21 of the pipeline 17 is attached, the pipe may also
be lowered from other sections of the host vessel 10. The host vessel 10 then ceases
lowering the pipeline 17 while the secondary vessel 15 moves back toward the host
vessel 10 for a second period. The host vessel 10 then again incrementally lowers
the pipeline 17 for a third period while the secondary vessel 15 travels away from the
host vessel 10. This process is repeated until the pipeline 17 contacts the seabed
101. Each period may be a predetermined time interval or may be determined based
on the length of pipeline lowered.

When the pipeline 17 contacts the seabed 101, the secondary vessel 15
moves proximate to the host vessel 10 to ensure a desired catenary profile of the
pipeline 17, which is a smooth curve between the horizontal portion of the pipeline 17
on the seabed 101 to the substantially vertical portion of the pipeline 17 which
attaches to the receptacle 11. The secondary vessel 15 then moves to a location
above the offshore production site and releases the distal end 23 of the pipeline 17.
This process of lowering the pipeline 17 creates the desired catenary profile with the
pipeline 17, while avoiding unnecessary bending stresses on the pipeline 17.

The installed steel catenary riser is shown in Fig. 2. The pipeline 17 forms a
steel catenary riser 20, a near end 21 of which is attached to the host vessel 10, and
the distal end 23 of which is connected to the offshore production site (not shown).
The pipeline 17 that makes up the steel catenary riser 20 comes off the host vessel
10 at a small angle from perpendicular to the seabed 101. As the pipeline 17 extends
deeper into the body of water 100, the angle grows larger, until the pipeline 17 is
substantially perpendicular to the seabed 101. Proximate to the seabed 101, the
pipeline 17 makes a curve that becomes substantially parallel as the pipeline 17
contacts the seabed 101. A large portion of the steel catenary riser 20 rests on the
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seabed 101, extending to the offshore production site (not shown). The steel
catenary riser 20 efficiently and cost-effectively delivers fluid product to the host
vessel 10.

Figures 3-4:

Figs. 3-4 show another example of steel catenary riser installation. As shown
in Fig. 3, the section of the pipeline 37 that rests on the seabed 101 may be laid down
before host arrival and abandoned on the seafloor 37. That is, the pipeline 37 may be
partially installed, and abandoned on the seafloor so that the remainder of the pipeline
17 can be installed at a later date.

As shown in Fig. 4, at the later date, the host vessel 10 arrives, and the
partially installed pipeline 37 is retrieved from the site and attached to additional
pipeline 17. The near end 21 of the additional pipeline 17 is attached to a smaller,
more mobile secondary vessel 15, which continues the laying process as described
above with reference to Figs. 1 and 2, and the additional pipeline 17 is formed into a
riser portion of the steel catenary riser 20. The near end 21 of the steel catenary riser
20 is then attached to the receptacle 11 of the host vessel 10, at which point the steel
catenary riser 20 will have a similar catenary profile as that shown in Fig. 2.

Alternatively, the riser portion of the steel catenary riser 20 may be included at
the seabed before abandonment, in which case the riser portion is laid out along a
curve on the seafloor 101, and the near end 21 of the pipeline 17 will be at a location
on the seabed 101 apart from a location directly under where the host vessel 10 will
arrive. In this case, the secondary vessel 15 or some other construction vessel
retrieves the near end 21 from the seafloor, and the near end 21 is attached to the
receptacle 11 of the host vessel 10.

Figures 5-6:

Fig. 5 shows a free-standing mode and Fig. 6 shows a host connection mode
of a free-standing steel catenary riser system according to one or more embodiments

of the present disclosure.
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As shown in Fig. 5, the steel catenary riser 20 is pre-installed before host
vessel arrival. The pre-installation may be accomplished by any installation method.
The pipeline 17 is formed into the catenary profile as with the steel catenary riser 20
shown in Fig. 2, except that the near end 21 of the pipeline that normally attaches to
the host vessel 10 is free, and a buoyancy device 40 is attached proximate the near
end 21. The buoyancy device 40 may include one or more of a buoyancy foam, an
air can, a buoy, or other buoyancy devices known in the art. The buoyancy device 40
may be detachably attached around the pipeline 17. The buoyancy device 40 may be
attached to the pipeline 17 by one or more of a clamping mechanism, welding,
bonding, and other attachment methods known in the art. The buoyancy device 40
may be attached to the pipeline 17 after the near end 21 is attached to a vessel at the
surface. The distal end 23 of the pipeline is connected to the offshore production site
(not shown).

The buoyancy device 40 provides an upward buoyancy force to the near end
21 of the pipeline 17 such that the catenary profile of the steel catenary riser 20 is
maintained. A bottom load required to maintain the catenary profile may be provided
by an anchoring cable 30 attached to the steel catenary riser 20, such that the
buoyancy device 40 does not float to the top surface of the body of water 100, and the
curve portion of the steel catenary riser 20 can substantially maintain its pre-installed
shape. One end of the anchor cable 30 is attached to the steel catenary riser 20 at
an anchor point 31, while the other end of the anchor cable 30 is attached to a pile 33
disposed on the seabed 101. In free-standing mode, the anchor cable 30 is taut, as it
provides a downward force on the pipeline 17 that counters the upward buoyancy
force of the buoyancy device 40. The pipeline 17 above the anchor point 31 becomes
perpendicular to the seabed 101, while the pipeline 18 below the anchor point
substantially, though not completely, maintains the normal catenary profile.

As shown in Fig. 6, after the host vessel 10 arrives, the near end 21 of the
steel catenary riser 20 is attached to receptacle 11 of the host vessel 10, and the
buoyancy device 40 is removed therefrom. The catenary riser is attached to the host
vessel 10, and the free-standing steel catenary riser system is in a host connection
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mode. The host vessel 10 provides enough upward force on the near end 21 of the
steel catenary riser 20 to support the pipeline 17. Thus, the anchor cable 30 no
longer needs to provide a counteracting force, and becomes slack. Alternatively, the
anchor cable may be disconnected altogether. At this point, the pipeline functions as
a normal steel catenary riser 20, and delivers fluid product from the offshore
production site (not shown) to the host vessel 10. The pipeline 17 forming the
catenary riser 20 may be disconnected from the host vessel 10, and the buoyancy
device 40 may be reattached to the pipeline 17, if the need arises.

Advantageously, embodiments of the present disclosure provide a steel
catenary riser that can be installed before the arrival of the host vessel. Therfore,
installation cycles may be shortened. Further, if the steel catenary riser installation is
integrated with the pipeline laying process, installation cost may be reduced.

llustrative Embodiments:

In one embodiment, there is disclosed an offshore riser system comprising a
tubular from a sea floor to a sea surface comprising a first horizontal portion at the
sea floor; a second vertical portion near the sea surface; and a third curved portion
located between the first and second portions; and a buoyancy module connected to
the second portion, adapted to maintain a shape of the curved portion and enable a
connection of a vessel to the second portion. In some embodiments, the system also
includes an anchor cable connected to the third portion and to an anchoring
mechanism on the sea floor. In some embodiments, the system also includes a host
vessel connected to the second portion. In some embodiments, the host vessel
comprises a spar, a semisub, an FPSO, or a TLP. In some embodiments, the system
also includes at least one of a subsea well and a subsea manifold connected to the
first portion. In some embodiments, an end of the second portion is at a depth of at
least about 20 meters, for example at least about 50 meters.

In one embodiment, there is disclosed a method of installing an offshore riser
system comprising laying a first horizontal portion of a tubular on a sea floor;
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connecting a second vertical portion of the tubular to a flotation module at or near a
sea surface; forming a third curved portion between the first horizontal portion and the
second vertical portion; connecting the second portion to a floating host vessel; and
disconnecting the flotation module from the second portion. In some embodiments,
the method also includes anchoring the third portion to the sea floor. In some
embodiments, the method also includes keeping the second portion and the flotation
module at a depth of at least 10 meters, for example at least about 25 meters. In
some embodiments, the flotation module comprises at least one of a buoyancy can
and a foam.

While the invention has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will appreciate
that other embodiments can be devised which do not depart from the scope of the
invention as disclosed herein. Accordingly, the scope of the invention should be
limited only by the attached claims.
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CLAIMS
1. An offshore riser system comprising:
a tubular from a sea floor to a sea surface comprising:
a first horizontal portion at the sea floor;
5 a second vertical portion near the sea surface; and
a third curved portion located between the first and second portions; and

a buoyancy module connected to the second portion, adapted to maintain a
shape of the curved portion and enable a connection of a vessel to the
second portion.

10
2. The system of claim 1, further comprising:

an anchor cable connected to the third portion and to an anchoring

mechanism on the sea floor.

15 3. The system of one or more of claims 1-2, further comprising:

a host vessel connected to the second portion.

4. The system of claim 3, wherein the host vessel comprises a spar, a semisub, an
FPSO, or a TLP.

20
5. The system of one or more of claims 1-4, further comprising:

at least one of a subsea well and a subsea manifold connected to the first
portion.
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6. The system of one or more of claims 1-5, wherein an end of the second portion is
at a depth of at least about 20 meters, for example at least about 50 meters.

7. A method of installing an offshore riser system comprising:
5 laying a first horizontal portion of a tubular on a sea floor;

connecting a second vertical portion of the tubular to a flotation module at or

near a sea surface;

forming a third curved portion between the first horizontal portion and the

second vertical portion;
10 connecting the second portion to a floating host vessel; and

disconnecting the flotation module from the second portion.

8. The method of claim 7, further comprising anchoring the third portion to the sea
floor.

15

9. The method of one or more of claims 7-8, further comprising keeping the second
portion and the flotation module at a depth of at least 10 meters, for example
at least about 25 meters.

20 10. The method of one or more of claims 7-9, wherein the flotation module comprises
at least one of a buoyancy can and a foam.

10
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