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OFFSHORE DEPLOYMENT OF EXTENDABLE DRAFT PLATFORMS

CROSS-REFERENCE TO RELATED APPLICATIONS

Not Applicable
FEDERALLY-SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

BACKGROUND
1. Technical Field:

This invention pertains to oil and gas exploration and production in general, and in par-
ticular, to a method for the assembly and deployment of an extendable draft platform for deep

water offshore exploration and production of oil and gas.

2. Related Art:

Development of deep water offshore oil and gas fields such as are found in, e.g., the Gulf
of Mexico and the North Sea present substantial challenges to the industry. Early production
schedule requirements favor inshore integration and commissioning and a year-round deploy-
ment capability, even in winter months. Moreover, the ability to use so-called “dry trees” and
steel catenary risers (“SCRs”) requires that the motion of the deployed structures be relatively
small, even in rough seas. |

In response to these challenges, a number of different types of tethered, floating plat-
forms have been proposed for use in offshore oil and gas exploration and production, such as are
described in U.S. Patents Nos. 6,024,040 - Thomas; 6,196,767 - Thomas; and US Application
No. 09/686,535; all of which are commonly owned by the assignee hereof, and the teachings of
which are incorporated herein by this reference. While these platforms have to some extent been
responsive in meeting some of the above challenges, they still leave areas in which improvement
is needed.

For example, to obtain low motion characteristics in a floating facility, e.g., those in
which dry-tree well completions and/or the use of SCRs is contemplated, it is necessary to use a
deep draft vessel and/or heave-suppression devices. Because of these requirements for a large

draft, current methods for deploying oil-industry-related platforms that'have favorable motion
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characteristics in deep water are typically effected sequentially, and require offshore heavy lift
crane vessels (“HLCVs”) or “float-over” deck-mating techniques that are inherently risky. These
methods also require that the weather conditions be generally favorable, and a substantial amount
of time can be lost waiting for an opportunity to complete the commissioning and mating opera-
tions. Therefore, more rapid, cost-effective and less risky methods are needed for the provision-

ing and deployment of an offshore platform.

SUMMARY

In accordance with the present invention, a method for the assembly and deployment of
an extendable draft platform (“EDP”) to a deep water offshore location is presented that is rapid,‘
cost-effective, and less risky. The method combines the advantages of both “jack-up” and “‘semi-
submersible” platfonns,Apennits many of the deployment steps to be effected in parallel, rather
than sequentially, and is self-contained, i.e., eliminates the need for auxiliary equipment and ves-
sels such as HLCVs or float-over deck-mating techniques.

The novel method comprises providing a buoyant equipment deck having a plurality of
leg openings through it and a plurality of chain winches mounted thereon. Each winch has the
proximal end of a mooring chain wound onto it. In one exemplary preferred embodiment, the
equipment deck of the EDP comprises a triangular, barge-like hull structure having a triangular
central opening, with the leg openings being located inboard of the apices of the hull.

An adjustably buoyant pontoon is also provided that, in one exemplary preferred em-
bodiment, comprises a deep, triangular-shaped hull having a central opening and approximately
the same peripheral outline as the equipment deck. The pontoon has a plurality of fairleads dis-
posed around its lateral periphery and a plurality of columns, or legs, extending upwardly there-
from. Each leg comprises an adjustably buoyant float, which may be circular or polygonal in
cross-section. Optionally, each leg may include a lower portion comprising an elongated, open
truss, which, in one possible embodiment, may have a triangular cross-section.

The deck is placed on the pontoon such that the pontoon supports the deck and each of
the legs extends up through a respective one of the leg openings in the deck. The distal ends of
the mooring chains are reeved through corresponding ones of the fairleads on the pontoon and -
then connected back to the deck. The chains are then wound in with the winches so that the deck
is pulled down tightly onto and closely coupled with the pontoon. This tightly coupled “piggy-

back” configuration enables the deck and pontoon to be moved quickly and securely as a unit
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over a surface of a body of water, e.g., by towing, to a first offshore location, without the need
for any additional sea fastenings between the deck and pontoon.

A plurality of pawls are provided on each of the leg floats. These pawls, which may com-
prise compression pawls or shear pawls, are movable between a retracted position, which permits
relative vertical movement between the legs and the deck, and an extended position, in which
they can be engaged with the deck to prevent relative vertical movement between the legs and
the deck. This arrangement, in combination with the mooring chains and winches, enables the
pontoon to be submerged to a “working” depth below, and the deck to be raised to a “working”
height above, the surface of the water at the first offshore location, with the following procedure.

The buoyancy of the pontoon and the leg floats is reduced, e.g., by ballasting them with
sea water, such that they begin to sink. The chains are simultaneously wound out with the
winches while maintaining a positive tension in them, so that the deck is floated onto the surface
of the water while the pontoon and legs sink below the surface to selected depths. The pawls on
the leg floats are then moved to the extended position and the chains are wound back in with the
winches such that the pontoon and the legs are pulled back up toward the deck, until the pawls
engage the deck, thereby preventing further relative movement between the legs and the deck.
The buoyancy of at least one of the pontoon and the leg floats is then increased such that the
deck is thereby raised to a selected working height above the surface of the water. In one exem-
plary preferred embodiment, means are provided between the deck and the pawls for distributing
the load imposed by the deck on respective ones of the leg floats uniformly around a circumfer-
ence of the floats when the pawls engage the deck.

After the EDP has been extended to the above “‘working” configuration, it is towed to an
offshore well site having a plurality of mooring lines anchored to the seabed around it. There, the
deck is connected to the leg floats in a more permanent manner, e.g., by welding, to prevent rela-
tive movement between the deck and the leg floats independently of the tension in the mooring
chains. The distal ends of the mooring chains may then be disconnected from the deck and con-
nected to the ends of respective ones of the mooring lines such that the platform can be main-
tained in a selected working position over the well site with the winches.

As may be seen from the above, the platform can be provided in a retracted, shallow draft
configuration suitable for assembly, outfitting and towing in shallow coastal waters, and can then

be easily and quickly reconfigured in deeper offshore waters to a very deep-draft, low-motion
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platform using simple, onboard ballasting and mooring equipment, thereby resulting in a rapid,

cost-effective, and less risky deployment, without the need for auxiliary vessels and equipment.
A better understanding of the above and many other features and advantages of the pre-

sent invention may be obtained from a consideration of the detailed description thereof below,

particularly if such consideration is made in conjunction with the appended drawings.

DESCRIPTION OF THE DRAWINGS

Figure 1 is an elevation view of a floating extendable draft platform (“EDP”) in accor-
dance with an exemplary preferred embodiment the present invention with its legs and pontoon
shown in a retracted position;

Fig. 2 is a top plan view of the EDP shown in Fig. 1;

Fig. 3 is a partial cross-sectional view through one of the legs of the EDP, as revealed by
the section taken along the lines 3-3 in Fig. 1;

Fig. 4 is a perspective detail view of a mooring chain, winch and fairlead of the EDP;

Fig. 5 is a top plan view of one of the adjustably buoyant leg floats of the EDP as seen
along the lines 5-5 in Fig. 1 and showing a plurality of compression pawls contained therein;

A Fig. 6 is a partial cross-sectional view of one of the compression pawls of Fig. 5, as re-
vealed by the section taken along the lines 6-6 in Fig. 1;

Fig. 7 is a partial elevation view of one of the adjustably buoyant leg floats of the EDP;

Fig. 8 is a top plan view of the adjustably buoyant leg float of Fig. 7, as seen along the
lines 5-5 therein, and showing a plurality of shear pawls mounted on the float;

Fig. 9 is a partial cross-sectional view through one of the shear pawls of Fig. 8, as re-
vealed by the section taken therein along the lines 9-9;

Fig. 10 is an elevation view of the EDP showing the pontoon and legs being lowered,

Fig. 11 is a partial elevation view of the EDP showing compression pawls on the fully
lowered leg floats being lifted into engagement with the deck by the chain winches;

Fig. 12 is a partial cross-sectional view of a compression pawl, as revealed by the section
taken along the lines 12-12 in Fig. 11, showing the pawl in an extended position and engaged
with and raising the deck of the EDP;

Fig. 13 is a partial elevation view similar to Fig. 11, except showing shear pawls on the

fully lowered leg floats being lifted into engagement with the deck by the chain winches;
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Fig. 14 is a partial cross-sectional view similar to Fig. 12, but showing one of the shear
pawls of Fig. 13 being lifted into engagement with the deck; and,
Fig. 15 is an elevation view of the EDP with deck shown raised to a selected height above

the water by the fully extended, de-ballasted legs.

DETAILED DESCRIPTION

An extendable draft platform (“EDP”) 10 in accordance with the present invention is
shown in the elevation view of Fig. 1 floating on the surface 1 of a body of water 2 in a retracted,
shallow-draft configuration. The EDP 10 comprises a buoyant equipment deck 12 and an ad-
justably buoyant pontoon 14 movably associated with the deck in the manner described below.

As illustrated in the top plan view of Fig. 2, in one possible exemplary embodiment, the
deck 12 may comprise a triangular, barge-type hull structure that provides support and buoyancy
for oil and gas drilling and/or production equipment (not illustrated) that mounts on the upper
surface thereof. At the center of the exemplary deck 12, an opening 16 is provided into which a
riser system support truss and well bay (not illustrated) may be installed. The deck 12 also in-
cludes a plurality of leg openings 18, the function of which is described below, located slightly
inboard of respective ones of the apices of the triangular.structure. However, it should be under-.
stood that the deck 12 can incorporate a shape other than triangular, depending on the particular
circumstances at hand. |

The pontoon 14 includes a plurality elongated columns, or legs 20, that extend upwardly
from it and through the leg openings 18 of the deck 12. The pontoon 14 is a deep hull that pro-
vides buoyancy and is divided into a number of ballast tanks that can be selectively flooded with
and emptied of sea water ballast with, e.g., pumps and/or high pressure air during deployment.
Similar to the deck 10, the pontoon 14 also incorporates a central “moonpool” 22 (see Fig. 1)
through which risers may pass via keel joints (not illustrated). In the particular exemplary em-
bodiment illustrated, the pontoon 14 is triangular in shape, and has about the same periphery as
that of the deck 12, although, as with the latter, the pontoon’s size and shape can be varied in ac-
cordance with the particular circumstances at hand.

Each of the legs 20 comprises an adjustably buoyant float 24 that provides trim buoyancy
for the EDP 10. In one possible embodiment (not illustrated), the legs 20 may each comprise a
single, watertight column from top to bottom, or alternatively, may be made up of a number of

vertical, watertight cylinders. In the particular exemplary embodiment illustrated in the figures,
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each of the legs 20 includes an upper portion comprising an adjustably buoyant float 24 and a
lower portion comprising an elongated, open-truss structure 26 that extends the leg to the length
required to achieve the necessary depth of the pontoon 14 when it is fully submerged or extended
below the deck 12.

Like the pontoon 14, the leg floats 24 incorporate one or more ballast or trim tanks that
can be selectively flooded with and emptied of sea water to adjust their buoyancy. In the particu-
lar exemplary embodiment illustrated in Fig. 3, the leg floats 24 and leg truss structures 26 are
respectively hexagonal and triangular in cross-section. However, as should be understood, these
two structures may respectively incorporate other, functionally equivalent cross-sectional shapes,
e.g., round or polygonal. In any case, it is desirable that the shape of the leg openings 18 in the
deck 12 conform to that of the legs 20, so that the legs are free to move vertically within the
openings and relative to the deck with conjoint vertical movement of the pontoon 14. To this
end, the legs 20 are preferably provided with a leg guidance system comprising a plurality of leg-
mounted, semi-cylindrical guide rails 28 (three per leg in the exemplary embodiment illustrated
in Fig. 3) that slide vertically within complementary guide-shoe saddles 30, one per rail 28,
mounted in the leg openings 18.

In accordance with the EDP 10 deployment method described below, the deck 12 is pro-

- vided with a plurality of mooring chain jacks, or winches, 32, as illustrated in Figs. 1, 2 and 4. In

the particular embodiment illustrated in the figures, the deck 12 is equipped with twelve of the
winches 32, i.e., four adjacent to each of the legs 20, but this number can be varied in accordance
with particular design needs. The proximal end of a high-strength mooring chain 34 is wound
onto each of the winches 32, and is then fed to or from a chain storage locker 36 located in the
deck 12 adjacent to the winch. The distal ends of the chains 34 are each reeved through a corre-
sponding one of a plurality of fairleads 38 mounted around the periphery of the pontoon 14 and
then connected to a becket 40 on the deck 12. This arrangement enables the pontoon 14 to be
lowered from and raised toward the deck 12 with the mooring chains 34 and winches 32 alone,
without the need for a separate rack and pinion system of the type used by conventional plat-
forms.

The EDP 10 of the present invention lends itself well to a rapid, flexible deployment
method. Unlike conventional platforms, which involve operations that must be effected in se-

quence, many of the deployment steps of the present invention can be carried out in advance of
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or in parallel with the installation of the EDP 10. Thus, Fig 1 illustrates the equipment deck 12,
the pontoon 14, and the legs 20 assembled together in a retracted configuration. Each of the indi-
vidual components of the EDP 10, including the leg floats 24, can be separately fabricated in a
number of different shipyards and dry-transported to a shallow water or even dry dock assembly
facility. Alternatively, it is possible to transport the completely assembled deck 12, pontoon 14
and leg floats 24, as shown in Fig. 1, onboard a submersible heavy lift vessel (“HLV”). In yet
another alternative embodiment, the leg floats 24 can be separately transported on a second HLV
if scheduling dictates it. In any case, upon their arrival at the assembly facility, the deck 10 and
the pontoon 14 can be floated off and brought immediately alongside the dock. The topside
equipment and facilities can be installed on the deck 12 and the leg floats 24 connected to the top
of the leg trusses 26 using land-based lifting equipment. Indeed, most if not all of the hook-up
and commissioning operations can be completed in a protected, shallow-watér, inshore facility.

After commissioning, the chains 34 are wound in with the winches 32 so that the deck 12
is pulled down tightly onto and closely coupled with the pontoon 14, as illustrated in Fig. 1. This
tightly coupled piggyback configuration enables the deck 12 and pontoon 14 to be moved se-
curely as a unit over the surface 1 of a body of water 2, e.g., by towing with tugs, from the as-
sembly yard to a first offshore location, without need for any additional sea fastenings between
the deck and pontoon. |

At the first, deeper water location, the EDP 10 is extendedkinto a “working” configuration
by respectively lowering the pontoon 14 below, and raising the deck 12 above, the surface 1 of
the water 2, and then temporarily locking the legs 20 to the deck to prevent further relative
movement between the legs and deck. To effect this temporary locking arrangement, a plurality
of movable locking pawls 42A or 42B are provided on each of the leg floats 24 at the upper end
thereof. The pawls 42 may optionally comprise either compression pawls 424, as illustrated in
Figs. 1, 5 and 6, or shear pawls 42B, as illustrated in Figs. 7-9.

The compression pawls 424, six per leg float 24, as shown in the exemplary embodiment
of Fig. 5, are recessed in pockets 44 on the sides of the floats, and are hinged for rotational
movement between a retracted position, as illustrated in Fig. 6, which permits relative vertical
movement between the legs 20 and the deck 12, and an extended position, in which they can be
engaged with the deck to prevent further relative vertical movement between the legs and the

deck, as illustrated in Fig. 12. Alternatively, the leg floats 24 can each incorporate three or more



10

15

20

25

30

WO 2004/043776 PCT/IB2003/005036

shear pawls 42B, as illustrated in the exemplary embodiment of Fig. 8, which are captivated on
top of the respective floats for tranélational movement between the retracted and the extended
positions thereof, as illustrated in Figs. 9 and 14, respectively. In either case, the pawls 42A and
42B function to engage a lower surface of the deck 12 to prevent further upward movement of
the legs 20 relative to the deck, as illustrated in Figs. 12 and 14, respectively. In addition, either
type of pawl 42A or 42B can be retracted and extended either manually, or more preferably, with
hydraulic or pneumatic actuators 46, as illustrated in the figures.

The EDP 10 is thus extended to its working configuration at the first offshore location by
the following method. The buoyancy of the pontoon 14 and the leg floats 24 is first reduced, viz.,
by ballasting them with sea water, such that they begin to sink below the deck 12. The chains 34
are simultaneously wound out with the winches 32 while maintaining an always-positive tension
in the chains to prevent them fromv slackening, so that the deck 12 is floated onto the surface 1 of
the water 2, while the pontoon 14 and the leg floats 24 sink below the surface to respective se-
lected depths, as illustrated in Fig. 10. The lowering step is halted when the pawls 42A or 42B at
the respective upper ends of the leg floats 24 are positioned just below the pawl-engagement sur-
faces of the deck 12, and the winches 32 can be programmed to stop the lowering step automati-
cally at this predetermined, rfully extended position of the legs 20.

The pawls 42A or 42B on the leg floats 24 are then moved to their extended position, as
shown in Figs. 12 and 14, respectively, and the chains 34 are then wound back in with the
winches 32 such that the pontoon 14 and the legs 20 are thereby conjointly raised back up toward
the deck 12, until the pawls 42A or 42B engage the deck, as illustrated in Figs. 11-14, thereby
preventing further relative movement between the legs and the deck. The buoyancy of at least
one of the pontoon 14 and the leg floats 24, preferably the latter, is then increased by de-
ballasting them such that the deck 12 is raised to a selected working height above the surface 1 of
the water 2, as illustrated in Fig. 15.

In one exemplary preferred embodiment of the EDP 10, means 48 are provided between
the deck 12 and the pawls 42A or 42B for distributing the load imposed by the deck on respec-
tive ones of the leg floats 24 more uniformly around the circumference thereof when the pawls
engage the deck. In the particular exemplary embodiment illustrated in Figs-6, 9, 12 and 14,
these means comprise “crush tubes” 48 disposed between the pawls 42A or 42B and the deck 12,

which are compressed, as shown in Figs. 12 and 14 respectively, as the respective pawls assume
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the weight of the deck during the step of raising the deck above the water. Alternatively, the load
distribution means 28 may comprise springs, elastomeric pads, ductile metal blocks, hydraulic
rams, or a sandwich of ductile and stiff metals.

After the EDP 10 has been extended to the above “working” configuration, it is towed to
an offshore well site having a plurality of mooring lines anchored to the séabed around it. There,
the deck 12 is connected to the leg floats 24 in a more permanent manner, e.g., by welding, to
prevent relative movement between the deck and the legs 20 independently of the tension in the
mooring chains 34. The distal ends of the mooring chains 34 can then be disconnected from the
deck beckets 40 and reconnected to the ends of respective ones of the mooring lines (not illus-
trated) such that the extended EDP 10 can be maintained in a selected working position over the
well site with the winches 32 in a known manner.

As will by now be evident to those of skill in this art, the EDP deployment method of the
present invention affords many advances over platforms of the prior art. The method enables the
EDP 10 to be assembled and commissioned quickly in a retracted, shallow draft configuration
suitable for outfitting and towing in shallow coastal waters, and then easily and rapidly reconfig-
ured in deeper offshore waters to a deep-draft, low-motion platform using simple, onboard bal-
lasting and mooring equipment, without the need for auxiliary vessels or equipment, thereby re-
sulting in a more rapid, cost-effective, and less risky platform deployment.

* For example, the method enables the platform to be deployed in a relatively short time
period, or “weather window,” i.e., a short period of calm, of a type that occurs during those
months in which more adverse offshore weather conditions generally prevail, such as during the
winter months in the Gulf of Mexico, where other types of platforms cannot be deployed because ’
there are not enough contiguous, relatively calm days to complete the installation process.

As will also be apparent, many variations and modifications are possible in terms of the
methods, materials and design of the present invention without departing from its scope. For ex-
ample, the deployment method is fully reversible, such that the EDP can be quickly retracted and
moved rapidly to another well site, or to an inshore location for a quick refurbishment. Accord-

ingly, the scope of the present invention should not be limited to the particular embodiments de-

~ scribed and illustrated herein, as these are merely exemplary in nature, but rather, should be

commensurate with that of the claims appended hereafter, and their functional equivalents.
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WHAT IS CLAIMED IS:

1. A method for deploying an extendable draft platform for offshore oil and gas produc-
tion, the method comprising:

providing a buoyant equipment deck having a plurality of leg openings therethrough and
a plurality of winches thereon, each winch having a proximal end of a chain wound thereon and 2
distal end of the chain extending therefrom;

providing an adjustably buoyant pontoon having a plurality of fairleads thereon and a
plurality of legs extending therefrom, each leg including é portion comprising an adjustably
buoyant float;

placing the deck on the pontoon such that the deck is supported by the pontoon and each
of the legs extends above the deck through a respective one of the leg openings;

reeving the distal ends of the chains through corresponding ones of the fairleads and then
connecting said ends to the deck;

winding the chains in with the winches such that the deck is tightly coupled to and floata-
bly supported by the pontoon; 'and,

moving the deck and pontoon as a tightly coupled unit over a surface of a body of water

to a first offshore location.

2. The method of claim 1, further comprising:

providing pawls on each of the leg floats, the pawls being movable between a retracted
position disengaged from the deck and permitting relative movement between the legs and the
deck, and an extended position engagable with the deck and preventing relative movement be-
tween the legs and the deck when engaged therewith; '

reducing the buoyancy of the pontoon and the leg floats such that they begin to sink;

winding the chains out with the winches while maintaining a positive tension in the
chains such that the deck is floated onto the surface of the water while the pontoon and the leg
floats sink below the surface of the water to respective selected depths;

moving the pawls on the leg floats to the extended position;

winding the chains back in with the winches such that the pontoon and the legs are pulled
toward the deck and the pawls engage the deck, thereby preventing further relative movement

between the legs and the deck; and,
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increasing the buoyancy of at least one of the pontoon and the leg floats such that the

deck is raised to a selected height above the surface of the water.

' 3. The method of claim 2, further comprising:
providing a plurality of mooring lines anchored to a seabed around an offshore well site;
5 moving the elevated deck and submerged pontoon to the well site;

connecting the deck to the leg floats such that relative movement between the deck and
the legs is prevented;

disconnecting the distal ends of the chains from the deck and then connecting said ends to
respective distal ends of corresponding ones of the mooring lines; and,

10 maintaining the deck and the pontoon in a selected position over the well site with the

winches.

4. The method of claim 2, wherein providing the pawls on the leg floats comprises:
hinging the pawls on the leg floats for rotational movement between the retracted and the

extended positions thereof.

15 5. The method of claim 2, wherein providing the pawls on the leg floats comprises:
captivating the pawls on the leg floats for translational movement between the retracted

and the extended positions thereof. |

6. The method of claim 2, wherein tensioning the chains with the winches such that the
pawls engage the deck comprises:
20 providing means between the deck and the pawls for distributing a load imposed by the
deck on respective ones of the leg floats uniformly around a circumference of the respective

floats when the pawls engage the deck.

7. The method of claim 6, wherein the load distribution means comprises crush tubes,
springs, elastomeric pads, ductile metal blocks, hydraulic rams or a sandwich of ductile and stiff

25  metals.

8. The method of claim 1, wherein moving the deck and pontoon over a surface of a
body of water to a first offshore location comprises:

loading the tightly coupled deck and pontoon on a heavy lift vessel (“HLV”); and,
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shipping the deck and pontoon to the first location aboard the HLV.

9. The method of claim 1, wherein moving the deck and pontoon over a surface of a
body of water to a first offshore location comprises:

towing the tightly coupled deck and pontoon over the surface of the water to the first lo-

cation.

10. The method of claim 3, wherein connecting the deck to the leg floats comprises:

welding the deck to the leg floats.
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