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BATTERED COLUMN TENSION LEG PLATFORM
BACKGROUND OF THE DISCLOSURE

The present invention relates to offshore floating platforms, more particularly to a tension
leg platform (TLP) for installation in water depths from less than 1,000 to 10,000 i

TLPs are floating platforms that are held in place in the ocean by means of vertical
structural mooring elements (tendons), which arve typically fabricated from high strength, high
quality steel tubulars, and include articulated connections on the top and bottom (tendon
connectors) that reduce bending moments and stresses in the tendon svstem. Many factors must
be taken into account in designing a TLP to safely transpori the TLP to the installation site and
keep it safely in place including: (a) limitation of stresses developed in the tendons during
extreme storm events and while the TLP is operating in damaged conditions; {b) avoidance of
any slackening of tendons and subsequent snap loading or disconnect of tendons as wave troughs
and crests pass the TLP hull; (¢) allowance for fatigue damage which oceurs as a result ot the
stress cycles in the tendons system throughout its service life; (d) limit natoral resonance (heave,
pitch, roll} motions of the TLP to ensure adequate functional support {or personnel, equipment,
and risers; (¢) maximizing the hydrostatic stability of the TLP during transport and installation;
and (e} accommodating additional requirements allowing for fabrication, transportation, and
installation.

These factors have been addressed in the prior art with varying degrees of success.
Counventtonal multi-column TLP's generally have four vertical columns interconnected by
pontoons supporting a deck on the upper ends of the vertical columns. Tendons connected at the
lower ends of the columns anchor the TLP to the seabed. In such conventional TLP designs, the

footprints of the deck, the vertical columns and the tendons are substantially the same and
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therefore hydrostatic stability of the TLP can be a problem. Some TLP designs address this
problem by incorporating pontoons and/or structures that extend outboard of the column(s) to
provide a farger tendon footprint Emit natural resonance (heave, pitch, roll) motions of the TLP.
In ULS. Patent No. 6,447,208, a TLP having an extended base substructure s disclosed. Vertical
columns supporting a deck on the upper ends thercof form the corners of the substructure. A
phirality of wings or arms extends radially out from the ooter perimeter of the substructure. The
arms mncrease the radial extension of the base substructure between about 10% and about 100%.
The arms include tendon connectors affixed at the distal ends thereof for connection with
tendons anchoring the TLP to the seabed. The tendons foolprint is substantially larger than the
footprint of the substructure.

The present invention, i its various embodiments, addresses the above-described factors
to accommodate different payload requirements, varions water depths and to mprove TLP
response. Improvement of TLP performance may be obtained by battering the deck support
columns, thereby reducing tendon tension reactions, increasing the free floating stability of the
TLP, and reducing overall system costs,

SUMMARY OF THE INVENTION

In accordance with a preferred embodiment of the present mvention, a tension leg
platform includes a deck supported on the upper ends of at teast three columns interconnected at
the lower ends thereof by horizontally disposed pontoons. The columns are battered inwardly
from the pontoons to the deck. Tendons connected at porches extending outwardly from the
lower ends of the columns anchor the platform to the seabed. The footprint of the tendons is
substantially the same or shightly larger than the footprint of the battered columns, whereas the

footprint of the deck is smaller than the footprint of the columns. The battered columns also
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contribute to platform stability during tree floating operations by providing a large water plane
dimension at shallow draft.
BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features, advantages and objects of the
present mmvention are attained can be understood in detail, a more particular description of the
invention briefly summarized above, may be had by reference to the embodiments thereot which
are illustrated in the appended drawings.

It is noted, however, that the appended drawings illustrate only typical embodiments of
this mnvention and are therefore not to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

Fig. 1 1s a perspective view illustrating a preferred embodiment of a battered column
tension leg platform of the present invention;

Fig. 2 is a top view of the battered column tension leg platform shown in Fig. 1;

Fig.3 is a side view of the batiered column tension leg platform shown in Fig. 1;

Fig. 4 is a top view of another preferred embodiment of a battered column tension leg
platform of the present invention;

Fig. 5 is a perspective view illustrating another preferred embodiment of a battered
colummn tension leg platform of the present invention;

Fig. 6 is a perspective view illustrating another preferred embodiment of a battered
column tension leg platform of the present invention;

Fig. 7 is a perspective view illustrating another preferred embodiment of a battered

column tension leg platform of the present invention; and
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Fig. § 1s a perspective view illustrating another preferred embodiment of a baitered
column tension leg platform of the present invention.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Referring first to Fig. 1, a preferred embodiment of a TLP system in accordance with the
present invention Is generally identibied by the reference numeral 10. The TLP 10 includes four
columns 12 having upper ends projecting above the water surface 4 for engaging and
supporting a platform deck 16 thereon. Horizontally disposed pontoons 18 interconnect adjacent
columns 12 proximate the fower ends thereof. The TLP 10 is anchored to the seabed by tendons
20. The upper ends of one, two or more tendons 20 are connected at each column 12 and the
lower ends thereof are anchored to the seabed. Tendon porches 22 mounted proximate to and
outhoard of the lower ends of the columns 12 secure the tendons 20 to the columns 12,

The columns 12 and pontoons 18 form an open structure hull for supporting the deck 16
and the equipment mounted thereon above the water surface 14, The deck 16 1s supported above
the water surtace 14 on the upper ends 26 of the columns 12, The open structure of the colunmns
12 and pontoons 18 provides improved wave transparency and further defines a moonpeool 24
providing access to the seabed from the deck 16. The columns 12 form the corners of the hulf
and are battered or inclined inwardly toward the central longitudinal axis of the hull. Preferably,
the colomns 12 are battered mwardly at an angle less than 20 degrees from vertical

Referring still to Fig. 1, the columns 12 include a substantially vertical section 28
formmng the lower ends of the columns 12 and an inclined or battered section 30 terminating at
the upper ends 26 of the columns 12, The lower ends 28 of the columns 12 provide a vertical
perimeter structural surface for connection of the pontoons 18 thereto. The tendon porches 22 are

fixed to and extend outward from the lower ends 28 of the columns 12, Connectors 23 may be
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fixed to and extend outward from the pontoons 18 for sapporting risers 23, flow lines or the hike
from the pontoons 18, In addition, the TLP 10 may be provided with one or more calenary
mooring lines or one or more lateral mooring lines to compensate for the weight of any risers or
midwater pipelines connected to the TLP 10.

TLP systems are typically Imited structurally to the amount of displacement that can be
allocated to the pontoons 18 withouot the columns 12 getting structarally too “skinny™, especially
in deep draft configurations. Battering the columms 12 epables optimization of the
pontoons/colmns design. In a conventional four column TLF, the deck is supported by vertical
columns Interconnected by portoons or similar structural members. Conseguently, the perimeter
dimensions or footprints of the deck and the vertical support columns of a conventional TLP are
about equal. The payload capacity of a TLP is therefore limited by the load carrying capacity of
the deck support columns. This structural mitation is overcome by the TLP 10 of the present
invention by battering the columns 12 so that the columns 12 footprint, defined by the perimeter
dimension of the lower ends 28 of the columns 12, is larger than the deck 16 footprint defined by
the perimeter dimension of the upper ends 20 of the columns 12, The battered columns 12
provide an efficient load transfer path for balancing deck weight, hull buoyancy, and tendon
tension leads. All loads are direct acting through the columns 12, without large cantilevers or
large moment forces. With the columns 12 being baitered, the moment forces generated by the
tendons 20 may be minimized. As best shown in Fig. 2, the radial distance R; of the tendons 20
footprint from the central longitudinal axis of'the TLP s substantially equal to or slightly greater
than the radial distance Ry of'the columns 12 footprint. Sinee the moment force geverated by the
tendons 20 increases as the radial distance R; of the tendons 20 increases, minimizing the

difference in radial distance between the columns 12 footprint and the tendons 20 footprint is

[
[ 1]
:
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desirable. Preferably, the radial distance Ry of the tendons 20 footprint is less than 10% greater
than the radial distance R, of the columns 12 footprint, therchy minimizing the tendons 20
moment force.

Various modes of transportation may be uotilized to transport the TLP or componenis
thereof to the installation site. When the hull and deck are assembled at the fabrication vard, the
hull-and-deck assembly may be free floated to the nstallation site. For free floating conditions of
the hull-and-deck assemably (such as deck integration, loading and unloading from a transport
vessel, and towing to the instalfation site), hydrostatic stability is most lacking at shallow draft
when the vertical center of gravity of the holl-and-deck assembly is high. The battered colummns
12 of'the TLP 10 provide a larger water plane dimension at shallower drafis of the free floating
hull-and-deck assembly than a conventional TLP with vertical colunus. As best Hustrated o
Fig. 3, the water plane dimension of the hull-and-deck assembly at the water surface 14 for a first
drafi position s represented by the line Dy, At a shallower second draft position, the larger water
plane dimension of the hull-and-deck assembly is represented by the line Da. Unlike the water
plane dimension of a conventional TLP, which is the same at all drafls, the water plane
dimension of the TLP 10 incrcases at shallower drafts of the free floating hull-and-deck
assembly. The batiered columns 12 therefore provide additional water plane dimension for
maximizing TLP stability at shallower drafts where 1t is most needed, and thereby maximizing
the payload capacity of the deck 16 during free floating phases of the TLP.

In addition, inchnation of the columns 12 imparts pontoon-tike properties to the colummnsg
12 which may be best understood by visualizing a horizontal cross section through the columns
12 at the water surface 14 and a shadow(shown in phantom in Fig. 3) formed by the sun located

directly above. The portion Py of the columns 12 that 13 not ander the shadow of the surface
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water plane has water acting both above and below, whereas the portion Py of the columns 12
that ts under the shadow of the surface water plane has water acting only from below. The
balance between the surface piercing buovaney of'the columns 12 and the non-surface piercing
buoyancy of the pontoons 18 may therefore be modified without changing the actual dimensions
of the columns 12 and pontoons 18 by increasing or decreasing the drafl ofthe TLP 10,

Reterring now to Fig. 4, another emtbodiment of the battered column TLP of the present
invention is generally identified by the reference numeral 100, The TLP 106 is substantially the
same as the TLF 10 described hereinabove with the exception that two of the columns 12 are
battered toward each other above the pontoons 18, It is understood however that the columns 12
may be inclined inwardly in any radial direction between (° (shown in solid line) and 90¢
{shown in phantom). Thus, the TLP design of the present invention may accoramodate various
sizes and shapes of the deck 16 and payload capacity without changing the actual dimensions of
the columns 12 and the pontoons 18,

Referring now to Fig. 5, another embodiment of the battered column TLP of the present
mvention is generally identified by the reference numeral 200, The TLP 208 is substantially the
same as the TLP 10 described hereinabove with the exception that the lower ends of the columns
12 do not include a vertical dimension. The columns 12 illostrated in Fig. 4 are inclined inwardly
from the lower ends 228 to the upper ends 26 thereof.

Referring now to Fig. 6, another embodiment of the battered column TLP of the present
mvention is generally identified by the reference numeral 300, The TLP 300 is substantially the
same as the TLP 10 described hereinabove with the exception that the columns 12 include a
battered section 330 extending inwardly from an intermediate point 332 between the upper ends

26 and the lower ends 28 of the columns 12.
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Reterring now to Fig. 7, another embodiment of the battered column TLP of the present
invention is generally identified by the reference numeral 400, The TLP 400 is substantially the
same as the TLP 10 described hereinabove with the exception that the columns 12 include a
substantially vertical section 426 forming the upper ends of the columns 12 and an inclined or
battered section 430 extending between the upper ends 226 and the lower ends 28 of the columns

12

Referring now to Fig. §. another embodiment of the battered columm TLP of the present
vention is generally identified by the reference numeral 300, The TLP 500 is substantially the
same as the TLP 10 described heremnabove with the exception that the hull of the TLP 300
comprises three battered columns 12 interconnected by the pontoons 18 at the lower ends 28 and
supporting the deck 16 at the upper ends 26 thereof

It will be observed that the columns 12 and pontoons 18 are depicied as cylindrical
members in the various embodiments of the present invention. However, it is to be understood
that the disclosed embodiments are merely exemplary of the invention that may be embodied in
various and alternative forms and not intended to be limiting.

While a preferred embodiment of the invention has been shown and described, other and
further embodiments of the invention may be devised without departing from the basic scope

thereof, and the scope thereof is determined by the elaims which follow.,
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CLAIMS:
i A floating platform, comprising:
a) three or more battered columns having upper and lower ends;
b) a deck supported above a water surface on said upper ends of said battered columns;
¢) horizontally disposed pontoons interconnecting said battered columns proximate said
lower ends thereof;
d) one or more tendon members having one end connected to said lower ends of said
battered columns and an opposite end anchored to the seabed; and
) wherein said tendon members are located a first radial dimenston from a central axis of
said platform and said lower ends of said battered columns are located a second radial
dimension from the central axis of said platform, wherein said first radial dimension is
less than 10% greater than said second radial dimension.
2. The platform of claim 1 wherein said first and second radial dimensions are substantially
equal.
3 The platform of claim 1 wherein satd battered columns support said deck inboard of said
pontoons.
4, The platform of claim 1 wherein said battered columns incline inwardly at an angle less
than 20 degrees from vertical.
S. The platformr of claim 1 wherein said battered colummns define a water plane dimension at
the water surface, and wherein said water plane dimension is largest at a shallow draft of said
platiorm.
6. The platform of claim 1 wherein said baitered columns include pontoon-like buoyancy

characteristics.
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7. The platform of claim  wherein said battered columns incline inwardly from an
intermediate point between said upper and lower ends of said battered columns.

8. The platform of claim 1 wherein said lower ends of said battered columns define a
substantially vertical perimeter surface.

9, The platform of claim 8 wherein said upper ends of said battered columns define a
substantially vertical perimeter surface.

10.  The platform of claim 1 wherein said upper ends of said battered columns define a
substantially vertical pertmeter surface.

11 The platform of claim 1 wher¢in one or more of said battered columns incline in a
direction toward an adjacent one of said columns,

12, The platform of claim | wherein two of said battered columns extend above an
interconnecting pontoon in opposing directions.

13.  The platform of claim 1 wherein said battered columns incline mwardly in a radial
direction between zero and ninety degrees.

14, The platform of claim | including riser connectors secured to an outer peritheter of said

pontoors.

- 10-
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