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(57) Abrége/Abstract:

An Improved product transfer system Is disclosed for a turret moored FPSO (10). A swivel stack torque tube (105) Is provided
such that the swivel stack (100) can be recessed below the manifold decks (103), but still allow swivel torgue reactions to be
transferred to the ship structure. Recessing of the swivel stack downwardly with respect to the manifold decks reduces the
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(57) Abréege(suite)/Abstract(continued):
height of the access structure and locates the swivel stack center of gravity closer to the center of gravity of the vessel. This
arrangement results in reduced loads to the turret structure (20) which supports the swivel stack and reduced height and size of
the access structure for the swivel stack.
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(57) Abstract

An improved product transfer system 1s
disclosed for a turret moored FPSO (10). A
swivel stack torque tube (105) is provided such IR "I“
that the swivel stack (100) can be recessed . , _,,-_-,-; fell \‘- \
below the manifold decks (103), but still allow T = 5 m—'_:____i "]\Id‘
swivel torque reactions to be transferred to ]2 3 -.-'-_-é“_%‘g& AT LIS
the ship structure. Recessing of the swivel lila = e ||_""_'J "
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stack downwardly with respect to the manifold
decks reduces the height of the access structure
and locates the swivel stack center of gravity
closer to the center of gravity of the vessel.
| This arrangement results in reduced ioads to
the turret structure (20) which supports the
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SWIVEL TORQUE TUBE ARRANGEMENT

BACKGROUND OF THE INVENTION

Field of the Invention
This invention relates generally to mooring systems for floating production,
storage and offloading vessels (FPSO). In particular the invention pertains to a swivel

arrangement by which risers from subsea wells are rotatively coupled to outlet pipes
which run to storage holds on the vessel. Still more particularly, the invention relates

to a mechanical arrangement by which outer housings of a swivel stack are coupled

together to allow them to rotate with the vessel about a non-rotatable inner housing.

Description of the Prior Art

Swivel stacks are known for rotative coupling of risers to outlet pipes on the
vessel. A typical swivel stack includes multiple swivels stacked on top of one another

with the inner core of each swivel each secured together to form a swivel core stack

which is stationarily carried by a non-rotatable turret structure. The turret structure 1s
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maintained in a substantially non-rotatable (or “geo-stationary™) state by anchor legs
which extend to the sea floor. The anchor legs may be connected directly to the turret,

as in the case of a permanently moored system, or to a disconnectable sptder buoy as

in the case of a disconnectable system.
5 The vessel is rotatatively coupled to the turret by a bearing arrangement and is

~designed and arranged to weathervane about the turret due to environmental forces on

the vessel which create an effective torque on the vessel about the center line of the

turret.

Hydrocarbon risers extend from subsea wells or manifolds, run via the interior

10 of the turret, and are terminated on a manifold deck carried by the turret. Prior art
arrangements have placed the swivel stack above the manifold deck so that manifold
pipes may easily enter the stationary core of the swivel stack and so that a torque arm
from the vessel may be easily connected to each outer housing of each swivel in the

stack. Such prior art arrangements have created stack heights which extend a great

15 distance above the top of the turret.

Accordingly, the invention seeks to provide a manifold deck and swivel arrangement

which reduces the total height of the swivel stack above the top of the turret.
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SUMMARY OF THE INVENITON

The invention in one broad aspect provides a product transfer system for a vessel
floating on the sea comprising a turret rotatably supported with respect to the vessel, and an
anchoring system connected between the turret and a seabed by which the turret is maintained
substantially stationarily with respect to the seabed. A plurality of product swivels form a
product swivel stack where each product swivel of the product swivel stack includes a
stationary housing including an inlet and a rotatable housing including a swivel outlet which
is in fluid communication with a transport pipe which runs to a storage hold of the vessel,
with the stationary housings of the product swivels of the product swivel stack fixed together
to form a swivel core and with the stationafy housings being fixedly mounted and carried by
the top end of the turret. Hydrocarbon transport lines run from a source ot hydrocarbon
product on the seabed to respective inlets of the product swivel of the product swivel stack.
A torque tube is mounted for rotation about the turret and is coaxially placed about the
product swivel stack. A swivel torque arm is connected between the torque tube and each one
of the rotatable housings, and a main torque arm is coupled between the torque tube and the
vessel.

More particularly, manifold decks and a swivel stack are arranged on top of a turret

which is rotatively supported on a vessel. Hydrocarbon production risers are provided from the

sea bed through the interior of the turret and to the manifold decks. The swivel stack
is mounted on the top of the turret with the core of the swivel stack coupled directly to
the turret at a location beneath the level of the manifold decks. A torque tube is

provided coaxially about the swivel stack with torque arms secured between the

torque tube and an outer housing of each swivel in the stack. The torque tube is
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rotatively supported at its base from the top of the turret and the inner core of the
swivel stack. A main torque arm couples the torque tube to the vessel, so that when
. the vessel weathervanes about the turret, torque 1s applied to the torque tube, thereby

causing each of the torque arms and outer housings of the swivel to rotate about the
inner core of the swivel.

Placing the bottom of the swivel stack at a distance beneath the manifold decks
results in a lower total height of the swivel stack above the turret. A lower stack
height advantageously lowers the cénter-of-gravity of the swivel stack, reduces

torques applied to the turret caused by the swivel stack, and reduces structural

requirements of the bearings between the turret and the vessel.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a plan view of a turret mooring system of a vessel in the open sea;

Figure 2 illustrates a turret moored vessel with hydrocarbon risers connected -

between the sea bed and the turret to a swivel system on the vessel;

Figures 3A and 3B show a first embodiment of the invention which includes a
swivel stack, the central core of which 1s secured to the top of a turret of a moorin g
system and a torque tube or shaft which connects outer housings of the swivel to a
torque arm with the bottom of the swivel stack being below the manifold decks of the
mooring system; and

Figures 4A and 4B 1illustrate an alternative embodiment of the swivel stack

arrangement of Figures 3A and 3B where the bottom of the central core of the swivel

stack is connected substantially at the top of the turret tube of the mooring system.

DESCRIPTION OF THE INVENTION
Figures 1 and 2 illustrate a mooring system for a vessel. Such mooring system,
for the purpose of the invention described below, may alternatively be a permanent
mooring system or a disconnectable mooring system. Referring to the drawings, a
vessel 10 for the storage, production and offloading of hydroc.arboh products 1s shown
as floating on the surface or sea level 12 of a body of water, such as a sea or ocean.

Such a vessel is known as a FPSO (Floating Production, Storage and Offloading).

Vessel 10 has a keel 14 positioned below the sea surface 12. The sea bed or sea floor

is shown at 16. Vessel 10 has moon pool or well at 18 which is positioned centrally of
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the width of vessel 10. A turret, generally indicated at 20 is mounted on bearings
within well 18 for rotation about a vertical axis.

Flexible nisers 22 extend from turret 20 downwardly to sea floor 16 and are
connected to manifolds or production wells such as illustrated at 24 for the transport

of o1l or gas to storage vessel 10 for temporary storage. Risers 22 have a sufficient -

flexible length to permit a predetermined movement of vessel 10 without any damage

to risers 22.

A plurality of anchor legs indicated generally at 26 are spaced about turret 20
(at intervals of about thirty-six [36] degrees). A greater number of anchor legs may be
provided, or a lesser number of anchor legs, depending upon design considerations.
As shown in Figure 2, a submerged buoy 28 may be placed in each anchor leg 26 (as
described 1n U.S. patent 5,678,503) or no submerged buoy at all may be provided
depending upon design considerations. Each anchor leg 26 1s generally 1dentical and
includes a plurality of connected chains and wire rope. Each anchor leg 26 is
anchored by an anchoring device, such as anchor 44, a substantial distance a@ay from

vessel 10.

Figures 3A and 3B illustrate a first embodiment of the invention of a swivel

stack 100 which includes a torque shaft 105 coupled to a torque arm 110 which in turn
1s secured via structure 300 to the vessel 10 and to hull 112. The swivel stack 100 is
mounted to the top of turret 20 by means of a frustro-conical shaped structure

arrangement 115 to which deck 117 is mounted. The inner core of the swivel stack is

secured to the deck 117, while the torque shaft (also called torque tube) 105 is
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rotatively mounted by means of torque shaft bearing 119 with respect to deck 117.

The turret 20 is rotatively mounted with respect to vessel 10 by means of upper
bearing assembly 21. Lower radial bearings are also provided. The turret 20 is

substantially non-rotative, because it is anchored to the sea floor by means of anchor

legs 26. In other words, the turret 20 is substantially “geo-stationary”. Figures 3A
and 3B depict a disconnectable system by which mooring buoy 50 may be rapidiy
connected or disconnected to the turret 20. Nevertheless, the invention relates to
permanently moored turret systems as well as to disconnectable systems as illustrated
in Figure 3. Risers 22 and umbilicals 82 extend upwardly through the turret and run
to manifold decks 103.

The entire swivel assembly is provided with a tubular torque shaft 105 to which
swivel torque arms 108 are coupled. The torque shaft 105 is secured to vessel torque
arm 110. In operation, when the vessel 10 rotates or “weathervanes” about
substantially non-rotative turret 20 by means of bearing 21, the vessel torque arm 110
also rotates (because of the securement to deck 112 of vessel 10); and causes torque
shaft 105 to rotate along with each swivel torque arm 108 and the outer housing of
each swivel of swivel stack 100. The inner housing or core of swivel stack 100 is
substantially non-rotative, because it is mounted on deck 117 which is secured to the
turret 20 by means of structure 115. Torque shaft bearing 119 provides rotative

support of the torque shaft 105 with respect to the deck 117 and the inner core of the

swivel stack assembly 100.
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The nisers 22 run to manifold decks 103 for connection to manifolds. The
output manifold lines 112 run downwardly from the manifold decks 103 and turn one
hundred-eighty degrees for entry into the core of the swivel stack assembly. Each of
the several output manifold lines 112 terminates at a respective inlet one of the
swivels of the swivel stack 100. Outlet lines, e.g., lines 156, 157, rotate with the
vessel 10 as it weathervanes about turret 20. Such lines run via torque arm 110 ahd

structure 300 to storage holds in the vessel.

The provision of torque shaft 105 allows each of the outer housings of swivel
stack 105 to be rotated simultaneously by means of a single connection of torque arm

110 to the torque shaft 105. As a result, the bottom of the entire swivel stack
assembly 100 can be placed below the manifold decks 103 and therefore positioned
closer to main deck 112 of the vessel. This results in a lower center of gravity of the

swivel stack 100 and the structures (such as conical structure 115) required to support
it on top of the turret 20. Such lower center of gravity reduces torques which are
applied to the upper bearing assembly 21 due to the swivel stack assembly. In a nut
shell, providing a torque shaft 105, and thereby lowering the swivel stack 100 with
respect to the manifold decks, lowers .the load carrying specifications required of the _

upper bearing assembly 21 and provides a more compact, more economical, more

efficient swivel stack/turret mooring system for a FPSO.

Figures 4A and 4B show an alternative embodiment of the arrangement of
Figures 3A and 3B, where more detail of the preferred swivel stack arrangement is

illustrated, and the swivel stack 100A is lowered even further than in the arrangement
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of Figures 3A and 3B by connecting the base 210 of the swivel stack 100A adjacent
the top of the turret 20A, rather than providing the frustro-conical shaped structural

arrangement 115 of Figures 3A and 3B. Figures 4A and 4B show the manifold decks
103A to which risers run to manifolds and outlet lines (not shown) run downwardly
and upwardly into the interior of core of stack 100A. Torque arms 108A are secured

between torque tube 105A and outer housings 210. A bearing 119A provides rotative

support of torque tube 105A on base 210.
A torque tube extension structure 111, formed of pipe, extends upwardly from

torque tube 105A. Torque arms 109A are provided which extend from torque tube

extension structure 111 to the outer housings of additional swivels for electrical and

hydraulic paths from the weathervaning vessel to the substantially non-rotating turret

and umbilicals 82 (see Figures 3A and 3B") to seabed wells and other facilities.
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WHAT IS CLAIMED 1IS:

l. A product transfer system for a vessel (10) floating on the sea comprising:

a turret (20) rotatably supported with respect to said vessel,

an anchoring system (50, 26) connected between the turret (20) and a seabed (42) by
which the turret is maintained substantially stationarily with respect to said seabed,

a manifold deck (103) carried by a support structure (115, 117) which is fixed to a top
end of said turret (20),

hydrocarbon transport lines (22) running from a source of hydrocarbon product on said
seabed to manifolds dn said manifold deck (103), each of said manifolds having a manifold
outlet line (112),

a plurality of product swivels forming a product swivel stack (100) carried by said
support structure (115, 117) where each product swivel of said product swivel stack includes a
stationary housing including an inlet connected to a manifold outlet (112) and a rotatable housing
including a swivel outlet (156, 157) 1n fluid communication with a transport pipe which runs to
a storage hold of the vessel,

a torque tube (105) mounted for rotation about said turret (20) and coaxially placed about
said product swivel stack (100) with said stationary housings of said product swivels of said
product swivel stack (100) fixed together to form a swivel core and with said stationary housings
being fixedly mounted with respect to said support structure (115, 117),

a swivel torque arm (108) connected between said torque tube (105) and each one of said
rotatable housings, and

a main torque arm (110) coupled between said torque tube (105) and said vessel (10),

wherein at least one of said manifold outlet lines (112) runs downwardly from said
manifold deck and turns upwardly for entry into a bottom end of said swivel core for connection

to one of said product swivels of said product swivel stack (100).

2. The product transfer system of claim 1, wherein;
said support structure includes a frustro-conically shaped frame (115) having a bottom
end mounted to said top end of said turret (20), and a mounting platform (117) secured to a top

end of said conical frame, and
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said torque tube 1s supported for rotation by a bearing assembly (119) mounted on said
mounting platform (117).

3. The product transfer system of claim 1, wherein;

said support structure is a base member (210) secured to said swivel core of said swivel
stack (100A) and said base member (210) i1s carried by said top end of said turret, and

said torque tube (105A) is supported for rotation by a bearing assembly (119A) mounted

on said base member (210).

4, The product transfer system of claim 1, wherein;
said product swivel stack includes electrical and hydraulic swivels with inner housings
of said electrical and hydraulic swivels secured to said swivel core of said product swivel stack,

and with outer housings of said electrical and hydraulic swivels coupled to said torque tube.

5. The product transfer system of claim 1 wherein,

said support structure (115, 117) includes a deck (117), which simultaneously serves as
a manifold deck (103).

6. The product transfer system of claimed 1 wherein,
said swivel core of said product swivel stack (100) has a bottom entry for said manifold
outlet lines (112) which 1s below said manifold deck (103).

7. A product transfer system for a vessel (10) floating on the sea comprising:

a turret (20) rotatably supported with respect to said vessel,

an anchoring system (50, 26) connected between the turret (20) and a seabed (42) by
which the turret is maintained substantially stationarily with respect to said seabed,
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a plurality of product swivels forming a product swivel stack (100) where each product
swivel of said product swivel stack (100) includes a stationary housing including an inlet and a
rotatable housing including a swivel outlet which is in fluid communication with a transport pipe
which runs to a storage hold of the vessel, with said stationary housings of said product swivels
of said product swivel stack (100) fixed together to form a swivel core and with said stationary
housings being fixedly mounted and carried by said top end of said turret (20),

hydrocarbon transport lines running from a source of hydrocarbon product on said seabed

to respective 1nlets of a said product swivel of said product swivel stack,

a torque tube (105) mounted for rotation about said turret (20) and coaxially placed about
said product swivel stack (100),

a swivel torque arm (108) connected between said torque tube (105) and each one of said

rotatable housings, and

a main torque arm (110) coupled between said torque tube (105) and said vessel (10).

8. The product transport system of claim 7 wherein,

said transport lines from said seabed run to a manifold deck to manifolds which have

outlets which are above or at the same height as a bottom end of said swivel core.

9. The product transport system of claim 8 wherein,
at least one of said manifold outlet lines (112) runs downwardly from said manifold deck

and turns upwardly for entering into a bottom end of said swivel core and to said respective

inlets of said product swivels.

10.  The product transfer system of claim 7 wherein,

said stationary housings are carried by a support structure that includes a frame having
a bottom end mounted to said top end of said turret (20) and a mounting deck secured to a top

end of said frame,

and said torque tube is supported for rotation by a bearing assembly mounted on said

support structure.
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11.  The product transfer system of claim 10 wherein,

said support structure is a base member (210) secured to said swivel core of said swivel
stack (100A) and said base member (210) is carried by said top end of said turret, and

said torque tube (105A) 1s supported for rotation by a bearing assembly (119A) mounted

on said base member (210).
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