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DECK-TO-COLUMN CONNECTION FOR
EXTENDABLE DRAFT PLATFORM

CROSS-REFERENCE TO RELATED APPLICATION
[00011 This application claims the benefit, under 35 U.S.C. §119(e), of the filing date of
co-pending provisional application no. 60/511,380; filed October 15, 2003, the

disclosure of which is incorporated herein by reference.

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002] Not Applicable

BACKGROUND OF THE INVENTION
[0003] This invention relates to the field of deep—‘draft semi—submeréible offshore
platforms for the drilling of oil wells and natural gas wells and the production of oil and
or gas from such wells. Specifically, the present invention relates to a type of deep-draft
semi-submersible platform known as an extendable draft platform, or “EDP.” More
particularly, the present invention relates to mechanisms and arrangements for the

connection of a plurality of buoyancy columns to a floating deck of the platform.

[0004] The development of deep water offshore oil and gas fields, such as are found in
the Gulf of Mexico and the North Sea, present substantial challenges to the industry.
Eaily production schedule requireménts favor inshore integration and commissioning
and a year-round deployment capability. 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.

[0005] In response to these challenges, a number of different types of tethered, floating
platforms have been proposed for use in offshore oil and gas exploration and production

such as are described in the following patent publications: US 6,024,040; US 6, 196,767,

?

and US-6,524,032. The.teachings of these publications are incorporated herein by

reference.
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[0006] One type of offshore platform that has met with commercial success in deep

ater applications is the semi-submersible platform. Conventional semi-submersible
platforms, however, are subject to motions that make it difficult, or even impossible, to -
support the various types of risers that are employed in such platforms. Deep draft semi-
submersible platforms have been proposed that would exhibit superior motion
characteristics. One type of deep draft semi-submersible e platform is known as the
extendable draft pIatform or “EDP.” The typical EDP comprises a buoyant equipment
deck having a plurality of openings (“leg wells™) through the deck. The deck may
conveniently be rectangular or triangular, with a leg well at each corner or apex,
although other conﬁguratio'ns may be used. Installed in each of the leg wellsisa
buoyancy column that can be bailasted (e.g., with seawater). The columns are iitially
installed in a raised posmon and then lowered to a submerged position when the EDP
has been moved to a deep water site. Each column is divided by transverse internal
bulkheads and horizontal flats (decks) into a plurality of compartments, the '
compartments including means for introclucincr water into them for ballasting purposes
when the columns are lowered to theJ submerged posmons Attached to the bottom of
the columns is a heave plate pontoon assembly that helps to stabilize the EDP against

the heave action of waves and swells. Examples of prior art EDPs are disclosed in US

6,718,901 - Abbott et al. and US 6,024,040 — Thomas, the disclosures of which are

ncorporated herein by reference.

[0007] Once the columns are lowered to their subinerged position, the tops of the
columns must be securely fixed to the deck. Itis irnportant that the attachment or
connection of the columns to the deck be secure enough to withstand the strong forces
that current and waves often apply to the EDP. The attachmenit or connection
mechanism must also allow the downward movement of the column relative to the deck
as the column is moved to its submerged position prior to the attachment or connection
of the column to the deck. In other words, the attachment or connection mechanism
must not interfere with the column lowering process. While prior art approaches (such
as rack-and-pinion lowering systems which can be locked in various ways) have prowded

satisfactory results, further i improvements in the connection/attachment mechanisms

have been souglit, so as better to achieve the intended results, particularly when a rack-

and-pinion lowering system is not employed.
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SUMMARY OF THE INVENTION
[0008] The presént invention is an arrangement for securing the deck ofanEDPtoa
buoyancy column that is installed in a Jeg well in the deck for vertical movement within
the leg well from a raised position to 2 submerged position. Broédly, the airangement
comprises a plurality of first guide elements near the top of each column; a plurality of
complementary second guide elements secured to the deck around the leg well, each of
which is configured to engage an associated one of the first guide elements w ren the
column is lowered to its submerged position; and a locking mechanism that is operable
on the upper portion of the colimn to restrict the motion of the column relative to the

deck when the first guide elements are engaged with the second guide elements.

[0009] In a first exemplary embodiment, the arrangement coiﬁprises‘a first plurality of
radial bulkheads extending vertically from the top of the column, each of which includes

a radxa]ly—e\tendmc first guide element; a plur. ahty of complelnentary second guide
elements on the deck around the periphery of the leg well and positioned to engage the

first guide elements when the column is lowered to'its submerged position; a second

* plurality of radial bulkheads extending vertically from the top of the column, each of

which carries a radially-extending locking pin that is radially movable between a
withdrawn position and an extended position; and a plurality of pin 1eceptac}es on the
deck around the periphery of the leg well, located 50 as to receive the pins when the first
guide elements are engaged by the second guide elements and the locking pins are

moved to their extended position. In this embodiment, the locking mechanism

. compnses the locking pins and the mating pin receptacle. In this embodiment, the

columns are advantageously over-ballasted so that the first guide elements firmly press
down on the second guide elements, whereby the colummns and the deck will move as one

body in response to environmental forces (e.g., waves, currents, and wind).

[0010] In a second exemplary embodiment, the _arrangemént comprises a first plurality
of radial bulkheads extending vertically from the top of the column, each of which

includes a radially-extending first guide element; a plurality of complementary second
guide elements on the deck around the periphery of the leg well and positioned to receive

the first guide elements when the column is lowered to its submerged position; a second
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plurality of radial bulkheads extending vertically from the top of the column, each of |
which ¢ mes a 1adial extension member; a plurality of U-shaped receptacles or brackets
on the dech around the pedphexy of the leg well, located 50 as to receive the extension
members when the column is Iowei'ed to its submerged position; and a locking gpm

operatively associated with each of the brackets and movabie between an anlo”l\ed
position and a lecked position in which the extension member 1s Jocked into the bracket
in which it is received. In this embodiment, the Iocking rlechanism comprises the

extension members, the brackets, and the lockmg pins. This embodiment also

' advantageously includes the over-ballasting of the columns mentioned above.

[0011] In a third exemplary embodiment, the arrangement comprises a plurality of
radial beams fixed to the top of each column, each of the beams having first guide
element in the form of a sloped or angled shoulder on its underside at its end remote .
from the center; a plurality of stop elements fixed to the peripheral wall of the leg well,
each having a sloped or angled upper surface forming a second guide element, anda
sloped or angled lower surface. The stops are located so that the uppér surfaces thereof
are engageable with the shoulders of the beams when the column is lowered to its
submerged position. A plurality of radially-extending shear keys is disposed on the top
of the column. Each of the shear keys extends radially underneath one of the radial
beams, and is movable between a radially withdrawn position and a radially extended
position. The shear keys are actuated by conventional means, such a pneumatic
cylinder, a hydraulic cylinder, or é jack screw, and they are held in their withdrawn
position as the column is lowered so that they can clear the stop elements. Once the
column has reached its submerged position, the shear keys are moved to their extended
position in which they engage the lower surfaces of the stops. In this embodiment, the
locking mechanism comprises the beam shoulders, the stops, and the shear keys. The

over-ballasting of the columns is also advantageously used in this embodiment.

[0012] In a fourth exemplary embodiment, the arrangement comprises a plurality of
radial bulkheads extending vertically from the top of the column; a plurality of brackets
arranged around the opening of the leg well on the deck surface and located so as to
con'es;pond with thé ciréumfcrtntial positions of the bulkliead €nds; a cap beam
dimensioned to bridge the leg well opening, the cap beam defining a plurality of radial
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arms circumferentially located so as to correspond with the radial bulkheads, each of the
arms having an end that is received in one of the brackets; and at least one locking pin

operative’xy associated wifh each of the brackets and movable between an unlocked

position and a locked position in which each cap beam arm end is locked into the

receptacle in which it is received. Each of thie bulkheads has a sloped or chamfered
shoulder at each end that forms a first guide element, and each cap beam arm has a
complementary angled brace on its underside near its end that forms a second guide
element. The column is deballasted to lift 1t into a position in which the sloped
shoulders of the bulkheads engaoe against the angled braces on undersides of the cap
beam arms, in which position the deck is slightly up-lifted. The column bulkheads are
optionally welded to the deck wall surrounding the leg well. In this embodument, the
locking mechanism comprises the cap beam, the brackets, and the locking pins, (and,
optionally, the bulkhead- to-deck wall weld), but in this case, the locking mechanism

limits only the upward movement and rotation of the column relative to the deck.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Figure 1 is a perspective view of an extendable draft platform (“EDP")

incorporating a deck-to-column connection assembly in accordance with the present

. Invention;

[0014] Figure 2 is a top plan view of the EDP of Figure 1;

[0015] Figures 3, 4, and 5 are simplified elevational views of the EDP of Figure 1,

showing the steps involved in lowering the columns to their submerged position at a

deep water site;

[0016] Figure 6 is a perspective view of the top of a column, taken within the broken

_ outlme labeled “6” in Figure 1, showing the column-mounted components of the deck-

to-column connection assembly in accordance with a first exemplary embodiment of the

invention;
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{0017} Figure 7 is a perspective view of a portion of the deck of the EDP and the deck-

- mounted components of the deck-to-colurn connection assembly in accordance with a |

first exemplary embodiment of the invention;

[0018] Figure 8 is a perspective view of the column of Figure 6 connected to the deck of
Figure 7 by the deck-to-column connection assembly in accordance with a first
exempiary embodiment of the invention;

[0019] Figure 91is a cross-sectional view taken along line 9 - 9 of Figure §;

[0020] Figure 10 is 4 cross-sectional view taken along line 10 - 10 of F igure §;

[0021] Figure 11 is a cross-sectional view taken along line 11 - 11 of Figure §;

[0022] Figure 12 is a top plan view of a deck-to-column connection éssembly mn

accordance with 2 second exemplary embodiment of the present invéntion;

[0023] Figure 13 1s a cross-sectional view taken along line 13 — 13 of Figure 12;

[0024] Figure 14 is a cross-sectional view taken along line 14 - 14 of Figure 13;

[0025] F igure 15 is a cross-sectional view taken along line 15 — 15 of Figure 12;

[0026] Figure 16 is a cross-sectional view taken along line 16 — 16 of Figure 15;

[0027] Figure 17 is a top plan view of a deck;to—column connection assembly in

accordance with a third exemplary embodiment of the present invention;
[0028] Figure 18 is a cross-sectional view taken along line 18 — 18 of Figure 17;

[0029] Figure 19 is a cross-sectional view taken along line 19 - 19 of Figure 17;

[0030] Figure 20 is a cross-sectional view taken along line 20 — 20 of Figure 18;
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[0031] Figure 21 is a cross-sectional view taken along line 21 — 21 of Figure 18;

{0032] Figure 22 is a cross-sectional view taken atong line 22 - 22 of Figure 17;

[0033] Figure 23 is a cross-sectional view of a deck-to-colutn connection assembly in

‘accordance with a fourth exemplary embodiment of the invention, prior to the

stallation of the cap beams that are included in this embodiment;

[0034] Figure 24 is a cross-sectional view, similar to that of Figure 23, showing the
assembly after the installation of the cap beams, but before the deballasting (raising) of

the column to its connection position;

. . . . i A ] :
[0035] Figure 25 is a cross-sectional view, similar to that of Figure 24, but showing the

assembly after the column has been deballasted (raised) to its connection position;
[0036] Figure 26 is a top plan view of the assembly of Figure 25; and
[0037] Figure 27 is a cross-sectional view taken along line 27 — 27 of Figure 25.

- DETAILED DESCRIPT OF THE INVENTION
{0038] Referring first to Figures 1 and 2, an extendable draft platform (“EDP”) 10.
includes a deck-to-colummn connection assembly in accordance with the pi‘esent_ _
invention. The EDP 10 includes a buoyant deck 12 on which conventional equipment
and structures for the exploration and/or production of undersea oil and/or gas'are '
mounted. The deck 12 is typically rectangular or square, as shown, but it may be any
convenient shape. The deck is provided with a plurality of leg wells 14 which, in a deck
12 that is rectangular or triangular, are typically located near the corners or apices of the
deck. Each of the leg wells 14 accommodates a column 16 that is disposed within the leg
well 14 for vertical movement therein between a raised position (shown in Figure 1) and
a lower (submerged) position. The columns 16 are of conventional design, being
internally divided by transverse bulkheads (not shown) into a plurality of compartments
(not shown). A bauaisti_ﬁg mechanism (not shown) is provided for each column 16 for

selectively introducing water into the compartments to lower the column, and removing
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(deballasting) water therefrom to raise the column. A heave plate 18 is attached to the
bottoms of the columns 16 to move up and down relative to the'deck 12 as the colunns

are raised and lowered.

{0039} In several of the exemplary embodiments discussed below, an arrangement of
radial bulkheads 20 is fixed to the top surface of each column 16. The bulkheads 20

extend vertically, and form part of the deck-to-column connection assembly, as described

below.

{0040] Figures 3, 4, and 5 illustrate the process of lowering of the columns 16.
Specifically, Figure 3 shows the columns 16 in their fully-raised position. In this
position, their internal compartments are devoid of water (debaﬂasted), and the heave
plate 18 is in its uppermost position adjacent the bottom of the deck 12. This is the
position the columns 16 are in when the EDP 10 is in shallow water and while the EDP
is being towed to a selected site in a deeper body of water in which it is to be installed. -
Figure 4 shows the columns 16 in the process of being lowered by filling their’ |
compartments with water ballast. Figure 5 shows the columns 16 in their fully
submerged position, that is, at their lowermost limit of travel within the leg Wélls, in | A
which their lowermost compartments are completely filled with water ballast, and at
least some of their intermediate compartments are at least partially filled with water
ballast. The heave plate 18 is now fully deployed in its lowermost position, the deck 12
is lifted above the surface of the water, and the EDP 10 is in its operating configuration.
When the columns 16 are in their submerged position, they are rigidly connected to the
deck 12 by the deck-to-column connectio'n'assembiy in accordance with the present

invention, as described below.

[0041] Figures 6 through 11 iﬂus‘tréte a deck-to-column connection assembly in
accordance with a first exemplary embodiment of the invention. In Figure 6, the top
portion of a column 16 is shown. As mentioned above, an array of radial bulkheads 20
1s fixed to, and extends vertically from the top surface of the colunfm' 16. Eight such

bulkheads 20 are shown, but any number, preferably between four and eight, sufficient to
perform the connection function described below, may be used. As shown, each of four

alternating bulkheads 20 has a first guide element 22 extending radially outwardly from
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the end of the bulkhead 20 remote from the center of the column. Each of the first guide
elements 22 has a sloped or angled end 24 that angles radially mmwardly from top to
bottom. On the top of each of the remaining (alternating) four bulkheads, a locking pin
mechanism is mounted. The locking pin mechanism comprises a focking pin 26 that is
driven, by a pneumatic Vor hydzaulic cylinder 28, between a withdrawn position {shown
in Figure 6) and an extended position (see Figure 8). The pin 26 may advantageously be

journaled in one or mmore bearing guides 30 fixed to the top edge of the bulkhead 20. -

[0042] Figure 7 shows a portion of the déck 12 adjacent the leg well 14 in which the
column 16 of Figure 6 is installed. Mounted on the deck 12 around the periphery of the
leg well 14 is a plurality of second guide elements 32, each of which is located
crcumferentially so as to be engageable with an associated one of the first guide

elements 22 described vabcwe.‘ Each of the second guide elements 32 has a front surface -
34 that is sloped at an angle that is complementafy to the angle of the angled ends 24 of
the fust guide elements 22, as shown in Figure 10. Also mounted on the deck 12 around
the periphery of the leg well 14 is a plurality of locking pin 1’eceptac1f;s 36, each of which
is circumferentially located so as to receive an associated one of the locking pins 26 when

the latter is in its extended position.

[0043] Figures 8 through 11 show one of the EDP’s several cohimns 16 connected to the
deck 12 by means of the deck-to-column connection assembly in accordance with a first
exemplary embodiment of the invention. Specifically, the column 16 haé been lowered
to its submerged position by baﬂas‘ing its compartments, as described above, until the
first guide elements 22 abut agamst and engage the second guide elements 32, as shown
in Figure 10. The engagement of the first and second guide elements with their
complementary angles serves to center the columns 16 properly in their respective leg
wells. The columns 16 may advantageously be over-ballasted to apply a compressive or
stressed engagement between the first guide elements 22 and the second guide elements -
32, thereby better assuring that the columns 16 and the deck 12 move as one body in
response to environmental forces. The locking pins 26 are then moved to their extended

positions in which they are received in the pin receptacles 36, as best shown in Figure 9.
When the column 16 is thus locked into its submerged position relative to the deck 12,

the deck 12 is lifted above the surface of the water. In this position, the radially outer
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edges of the bulkheads 20 are advantageously welded to the interior wall 38 of the leg

well 14, as shown in Figure 11, along a weld joint 39.

{0044} Figures 12 through 16 illustrate a deck-to-column connection assembly in

accordance with a second exemplary embodiment of the invention. As in the first

- ernbodiment described above, this embodiment includes an array of radial bulkheads 20

extending vertically from the tdp surface of the column 16. As mentioned above,
although eight bulkheads 20’ are shown, any other suitable number may be used. As |
shown, each of four alternating bulkheads 20" terminates, at its radially outer end, in a
first guide elernent 40, which is advantageously configured as a rounded, trough-like
fixture. Each of the other four alternating bulkheads 20’ has a radial extension element
42 fixed to its top edge. Each of the extension elements 42 extends radially beyond the

radially outer end of its associated bulkhead 207,

[0045] Mounted on the deck 12 aroimd the periphery of the leg well 14 is a plurality of
second guide elements 44, each of which is located circumferentiaﬂy SO as to be
engageable with an associated one of the first guide elements 40 described above.
Preferably, each of the second guide elements 44 has a rounded, concave conﬁguratioﬁ
in which its associated first guide element 40 seats or nests concentrically, as shown in
Figures 15 and 16, when the column 16 is lowered to its submerged position. Also
mounted on the deck 12 around the periphery of the leg well 14 is a plurality of U-
shaped extension element receptacles or brackets 46, each of which is circumferentially -
located 50 as to receive an associated one of the extension elements 42 when the column

16 is lowered to its submerged position.

[0046] When the column 16 is lowered to its submerged position, as mentioned above,
the first guide elements 40 are seated in the complementary second guide elements 44, -
and the extension elements 42 are received in the receptacles or brackets 46, thereby
aSSUﬁng the proper cehtering of the column in the leg well. Preferably, as with above-
described first embodiment, the column 16 is over-ballasted to apply a compressive or

stressed engagement between the first and second guide elements 40, 44, and between
the extension elements 42 and the brackets 46. The upraised legs of the brackets 46 are

provided with holes through which is journaled at least one locking pin 48, and
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preferably two locking pins 48, as shown. The locking pins 48 are shown in a Iocking
position in which they extend through their respective brackets 46 across the top of the
extension element 42 received in each bracket 46, s0 as to lock each of the extension
elements 42 into its associated bracket 46. The locking pins 48 may ‘advantageously be
driven by conventional hydraulic or pneumatic mechanisms (not shown). As in the first
embod ment, once the column 16 and the deck 12 are thus locked together, the deck 12
is lifted above the surface of the water. Again, the outer edges of the bulkheads 20’ may

advantageously be welded to the surroundine g leg well wall 38.

[0047] Figures 17 through 22 illustrate a third exemplary embodiment of the invention.
In this embodiment, a plurality of radial beams or arms 50 is fixed to the top of each
column 16, each of the beams 50 having a reverse-an gled shoulder forming a first cmde
element 52 on its underside at its end remote from the center. In a preferred form of this
embodiment, as shown in the drawings, four beams or arms 50 are arranged in

cruciform, each of the beams or arms 50 having a radial outer end configured with an

- angled first guide element 52. Preferab! 7, the first guide element 52 is formed with a

reverse, or undercut, angle, as shown in Figures 18 and 22, to form a hook-like
configuration, but an angle that slopes radially inwardly from top to bottom may also be
used. A plurality of stops 54 that serve as second guide elements is fixed to the interior
peripheral wall 38 of the leg welt 14, located between a pair of upright radial guide walls
55 that extend radially inwardly from the peripheral wall 38. The stops or second guide
elements 54 are located circumferenﬁall}r at positions corresponding to the positions of
the first guide elements 52. Each of the second guide elements 54 has an upper surface
56 that is formed with an angle that is complementary to the angle of the first guide o
elements 52, and an ﬁpwardly—sloped or angled lower surface 58. Thus, in the
illustrated embodiment, each second guide element resembles a parallelogram in side
elevation. The second guide elements 54 are located so that the first guide elements 52
of the beams 50 engage with the upper surfaces 56 of the corresponding second guide
elemenits 54 when the column 16 is lowered to its submerged position, as shown in
Figure 18, thereby facilitating the proper centering of the column in the legwell. As

with the previously-described embodiments, over-ballasting of the columns 16 provides a
stressed Or compressive engagement between the first guide elements 52 and the second

guide elements 54, so as to provide a more secure locking of the columns to'the deck.
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[0048] A plurality of shear keys 60 is disposed on the top of the column 16, one of the

- shear keys 60 being located underneath each end of each of the beams 50. The shear

keys 60 are movable between a radially withdrawn position and a radially extended
position by actuation means 62, which may be pneumatic or hydraulic cylinders or jack
screws. The shear keys 60 are held in their withdrawn position as the column 16 is
lowered so that they can clear the stops or second guide elements 54. Once the columi
16 has reached its submerged position, the shear keys 60 are moved to their éxtended
position in which they engage the lower surfaces 58 of the stops or second guide
elements 54, thereby locking the column 16 in place in its submerged position relative to
the deck 12. '

[0049] As shown in the drawings, each of the shear keys 60 has an angled, wedge-
shaped bearing surface that is complementary to the angled lower surface 58 of the
second guide elements 54, but the angle illustrated in the drawings is exaggerated for |
clarity, and is actually much shallower than depicted. Also, as shown in the dra wings,a
pluzality of rollers 64 may advantageously be provided around the lower periphe: of the
leg well 14 to facilitate the vertical movement of the column 16 therein. Such rollers 64

(or equivalent devices) may be employed in any of the embodiments of the invention.

{0050] A fourth exemplary embodiment is shown in Figures 23 through 27. In this
embodiment, the deck-to-column connection amrangement comprises a plurality of radial
bulkheads 70 (see Figure 26) extending vertically from the top of the column 16. Each
bulkhead 70 has a2 downwardly-angled or chamfered shoulder 72 where its radially
outward end is jomed with its upper edge. The angled shoulders 72 form a plurality of
first guide elements, and eacﬁ of the angled shoulders 72 terminates in an outer edge 73
that is tapered in cross-section, as shown vaigure 27. A plurality of U-shaped
receptacles or brackets 74 is arranged around the periphery of the opening of the leg well
14 on the upper surface of the deck 12. The brackets 74 are located so as to correspond

_with the circumferential positions of the bulkhead ends.

[0051] In a preferred configuration, there are four bulicheads 70, defining a pair of

orthogonal diameters. A cap beam 76, dimensioned to bridge the leg well opening, is
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instailed over the legwell 14. The cap beam 76 includes radial arms 77 that are
positioned circumferentially in the same positions as are the Ladla]ly bulkheads 70. In

the preferred configuration, the radial arms 77 of the cap beam 76 define two orthogonal
diameters corresponding to the diameters defined by the bulkheads 70. A pair of
downwardly-extending flanges 78 is provided at the end of each of the beam arms 77.

An angled brace or second guide element 80, configured with an angle that is

complementary to the chamfered shoulder 72 of the corresponding bulkhead 70 is

- provided on the underside of each beam arm 77 near its end. As shown in F igure 27,

each of the braces or second guide elements 80 is formed with a channel 81 thatis
configured to receive the tapered edge 73 of its corresponding angled shoulder or first -

owde element 72.

[0052] The upright legs of each bracket 74 are apertufed to receive at least one locking
pm 82, and preferably two locking pins 82, as shown. The locking pins 82 are movable
between an unlocked position and a locked poéition in‘which each end of each cap beam
arm 77 1s locked into the bracket 74 in which it is received. The 10Ck5110 pins 82 may
advantageously be moved between their unlocked position and their Jocked position by a

conventional hydraulic or pneumatic mechamsm (not shown).

[0053] As shown in Figures 23 and 24, the cap beam 76 is installed in the brackets 74
when the column 16 has been over-ballasted to a “sub-operational” position that is ;
somewhat below its operational submerged position. After the cap beam arms 77 have -
been locked into the brackets 74 by means of the locking pins 82, as descn’bed‘above, the
column 16 is raised by partial de-ballasting to lift it into its operational position, in which
the edges 73 of the chamfered shoulders or first guide elements 72 of the column
bulkheads 70 are received in the channels 81 of the second guide elements or braces 80 of
the cap beam arms 77 (see F igure 25), thereby centering the column 16 in the leg well
and securing the column 16 to the deck. The column 16 is maintained in this position
while the column bulkheads 70 are Welded to the deck wall 38 surrounding the leg WeIl
14 at weld Jomts 84.

[0054] From the foregoing, it will be appreciated that the present invention, in its several

embodiments, offers an improved EDP with greatly enhanced security in the attachment
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of the extensible columns to the deck. The enhanced structural security is achieved
without detriment to the normal moverment of the columns relative to the deck during
the column lowering process. Moreover, within the scope of'the invention are several -
embodiments that make the invention Wideiy adaptable to diﬁ"eriﬁg conditions, design

considerations, and manufacturing methods.

[0055] While several embodiments of the invention have been disclosed and described
herein, it will be appreciated by those skilled in the pertinent arts that a number of

variations and modifications, some of which have been mentioned above, may suggest

‘themselves to those skilled in the pertinent arts. For example, the description herein of

specific mechanisms for locking the tops of the colummns to the deck surrounding the leg
wells should be considered exemplary only, and should not be construed as exclusive of
equivalent mechanisms. Other elements of the invention as described herein should also
be understood as having functionally and/or structurally equivalent elements ﬂiat may
suggest themselves to those skilled in the pertinent arts. Such variations, modifications,
and equivalents should be considered within the spirit and scope of the mvention, as

defined in the claims that follow.
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WHATIS CLAIMED IS;

1. An arrangement for securing the deck of an extendabie draft platform (EDP)
to a buoyancy column that is installed in a leg weli in the deck for vertical movement
within the leg well from a raised position to a submerged position, the arrangement
comprising:

a plurality of first guide elements near the top of the column; o

a plurality of complementary second guide elements secured to the deck around
the leg well, each of which is configured and located so as to engage an associated one
of the first guide elements when the column i is lowered to its submerged position; and

a locking mechanism that is operable to restrict the motion of the column relative

to the deck when the first guide elements are engaged with the second guide elements.

2. The arrangement of claim 1, further ‘comprismg'

a first plurality of radial bulkheads extendmg vertically from. the top of the
colurnn, each of which has a radially outer end to which is fixed ¢ one of the first guide
clements; and

a second plurality of radial bulkheads extending yelticaﬂy from the top of the
column; '

- wherein the locking mechanism comprises:
a plurality of receptacles arranged on the deck around the top of the Iég well; and
a radially extending member on each of the second plurality of bulkheads, each of

the radially extending members being lockably engaceable with an associated one of the -

receptacles.

3. ‘The arrangement of claim 2, wherein the radially extending mémber comprises
a locking pin that is movable between a Withdrawﬁ position in which it is not engaged
with its associated receptacle, and an exténded position in which it is received 1n its
associated 1eceptacle and

wherein the locking mechanism ﬁirther comprises a Ioddﬁg pin actuation

mechanism operably associated with each of the locking pins, for moving its associated
locking pin from its withdrawn position to its extended position when the first guide

elements are engaged with the second gulde elements.
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4. The arrangement of claim 3, wherein each of the locking pin actuation
mechanisms is located on one of the second plurality of bulkheads, the actuation
mechanism being selected from the group consisting of a hydraulic cylinder and a

poeumatic cylinder.

5. The arrangement of claim 2, wherein each of the radially extending members
comprises an extension member fixed to the top of one of the second plurality of
bulkheads and extending radially outward therefrom, and wherein the locking
mechanism further comprises: | ,

a Jocking pin selectably receivable in each of the receptacles so as to selectably

Jock each extension member in its associated receptacle.

6. The arrangement of claim 1, further comprising:
a plurality of radial beams disposed on the top of the column, each of the beams
terminating in a radially outer end forming one of the first guide elements; and

a plurality of stop elements arranged in the leg well at positions circumferentially

corresponding to the circumferential positions of the first guide elements, each of the

stop elements having an upper surface forming one of the second guide elements.

7. The arrangement of claim 6, wherein the locking mechanism comprises:

a lower surface on each of the stop elements;

a plurality of shear keys mounted on the top of the column, each of the shear keys
extending radially underneath an associated one of the radial beams, the shear keys
being movable between a withdrawn position in which they do not ehgage the stop
elements, and an extended position in which they engage the lower surface of the stop

elements.

8. The arrangement of claim 7, wherein the locking mechanism further comprises
a shear key actuation mechanism for moving the shear keys between the withdrawn

position and the extended position, the shear key actuation mechanism being selected
from the group consisting of a pneumatic cylinder, a hydraulic cylinder, and a jack

SCIEW.
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9. The arrangement of claim 1, further comprising:

a plurality of radiai bulkheads extending verticaily from the top of the colunin,
each of the bulkheads having an upper edge and a radially outer end, with one of the first
guide elements defined between the upper edge and the radially outer end; and

a cap beam having a plurality of radial arms having circumferential positions
correspending to the circumferential positions of the bulkheads, each of the arms
defining one of the second guide elements located so as to be engageable by one of the
first guide elements, each of the arms terminating in a radial outer end that is secured to

the deck around the leg well.

10. In an extendable draft platform (EDP) having a deck and a plurality of
buoyancy columns, each of which is mounted for vertical movement within a leg well
through the deck, a method of mstalling the EDP ata selected site in‘a body of water,
comprising the steps of:

(a) providing a plurality of first guide elements ilear the top of each column and |
providing a plurality of complementary second guide elements around each of the leg
wells; '

(b) ballasting the columns to move them downward in the leg wells from a fully
raised position to a fully lowered position iz which the first and second guide elements
come into engagement; and | |

(c) over-ballasting the columns to create a compressive enga gement between the

first and second guide elements.

11. The method of claim 10, further comprising the step of locking the columns

to the deck after the columns are moved to their fully lowered position.

12. The method of claim 11, wherein the locking step includes the step of

welding the columns to the deck within the interior of the leg wells. |

13. The method of claim 11, wherein each column includes a plurality of

radially-movable locking members arranged circumferentially thereon, and wherein the

deck includes a plurality of ICckmg member engagement elements arranged
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circumferentially around each of the leg wells in circumferential positions corresponding
to the positions of the locking members, and wherein the locking step comprises the step
of moving the locking members radially cutward into a locking engagement with the

locking member engagement elements.

14. The method of claim 13, wherein the step of moving the locking members is
erformed by a mechanism selected from the group consisting of pneumatic cylinders,

hydraulic cylinders, and jack screws.

15. In an extendable draft platform (EDP), of the typevinduding adeckanda
phirality of buoyancy columns installed in leg wells in the deck for vertical movement
from a raised position to a submerged position, the improve’meﬁt comprising:

a plurality of first guide elements near the top of each of the columns;

a plurality of complementary second guide elements fixed to the deck around
each of the leg welis, eéch of the second guide elements being 'c'onﬁgm'ed _énd located 50
as to engage an associated one of the first guide elements when the column is lowered to
its submerged position; ‘

- a plurality of radially-movable locking members arranged circumferentially on
each of the columns; |

a plurality of loclcing"i:rxember engagement elements on the deck and arranged
around each of the leg wells in circumferential positions corresponding to the positions
of the locking mémbers; and |

a locking member actuation mechanism operable on the locking members so as to
move the locking members radially outward into a locking engagement with the locking

member engagement elements.

16. The EDP of claim 15, further comprising:

a first plurality of radial bulkheads extending vertically from the top of each of the
columns, each of the first plurality of bulkheads having a radially outer end to which is
fixed one of the first guide elements; and

a second plurality of radial bulkheads extending vertically from the top of each of
the columns; ’ '
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wherein each of the locking member engagement elements comprises a receptacle
on the deck adjacent the top of the leg well; and

wherein each of the Jocking metmbers comprises a radially extending member on
one of the second piurality of bulkheads, each of the radially extending members being

lockably engageable with an associated one of the receptacles.

17. The EDP of claim 16, wherein the radially extending member comprises a

locking pin that is movable between a withdrawn position in which it is not engaged

with its associated receptacle, and an extended position in which it is received in its

associated receptacle; and ‘

whetein the locking mechanism further comprises a locking pin actuation
mechanism operably associated with each of the lockang pins, for moving its associated
locking pin from its withdrawn position to its extended position when the first guide

elements are engaged with the second guide elements.

18. The EDP of claim 17, wherein each of the Jocking piﬁ actuation mechanisms
is located on one of the second plurality of bulkheads, the actuation mechanism being

selected from the group consisting of a hydraulic cylinder anda pneumatic cylinder.

19. The EDP of claim 16, wherein each of the 1‘adia11'yl extending members
comprises an extension member fixed to the top of one of the second plurality of
bulkheads and extending radially ourWard therefrom, and wherein the locking
mechanism further comprises: '

a locking pin selectably receivable in each of the receptacles so as.to selectably .

lock each extension member in its associated receptacle.

20. The EDP of claim 15, further comprising:
a plurality of radial beams disposed on the top of the column, each of the beams
terminating in a radiallyroﬁter end forming one of the first guide elements; and
a pIura}ity of stop elements arranged in the leg well at positions circumferentially -
correésponding to the circumferential positions of the first guide elements, each of the

Stop elements having an upper surface forming one of the second guide elements.
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21. The EDP of claim 20, wherein each of the plurality of locking member
engagement elements comprises a lower surface on one of the stop elements; and

wherein the plurality of radially movable locking members comprises a plurality
of shear keys mounted on the top of fhe column, each of the shear keys extending
radially underneath an aséociated one of the radial beams, the shear keys being movable
between a withdrawn position in which they do not engage the stop elements, and an

extended position in which they engage the lower surface of the stop elements.

22. The EDP of claim 21, wherein the locking member actuation mechanism
comprises a shear key actuation mechanism for moving the shear keys between the
withdrawn position and the extended position, the shear key actuation mecha_hism being
selected from the group consisting of a pneumatic cylinder, a hydraulic cylinder, anda

jack screw.

23. In an extendable draft ‘phtform (EDP), of the type havinga deckand a -
plurality of buoyancy columns installed in leg wells in the deck for vértica‘} movement
from a raised position to a submerged position, the improvement comprising:

a plurality of radial bulkheads extending veiﬁca_uy from the top of each column,
each of the btﬂkheads_havmg a first guide element defined between an upper edge and a
radially outer end; and o

a cap beam having a plurality of radial arms having circumferential positions
corresponding to the circumferential positions of the b’ulkheads, each of the arms
defining a second guide element located 50 as to be engageable by one of the first guide
elements, each of the arms terminating in a radial outer end that is secured to the deck

around the leg well and defining a second guide element.

24. The EDP of claim 23, wherein each of the first guide elements is formed as
an angled shoulder between the upper edge and the radially outer end of one of the -
bulkheads, the angled shoulder having an outer ”edgé; and

Whex'ein- each of the second guide elements is formed as a brace including a

channel configured to receive the outer edge of the angled shoulder.’
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25. The EDP of claim 23, wherein each of the cap beam arms terminates 111 a
dovmwardliy depending flange, the EDP further comprising:

a plurality of brackets on the deck around the leg well, located and configured so
as to receive the flanges of the ‘cap beam arms; and

means for securing each of the flanges to its respective bracket.

26. In an extendable draft platform (EDP) having a deck and a plurah'ty of
buoyancy columns, each of which is mounted for vertical movement within a leg well
through the deck, a method of mstalling the EDP at a selected site in a body of water,
comprising the steps of:

(a) providing a plurality of first guide elemén& near the top of each column and
providing a plurality of complementary second guide elements around each of the leg -
wells; i o |

(b) ballasting the columns to move theni downward in the leg wells from a fu]ly
raised position to a fully lowered position in which the first and secogd guide elements h
come into engagement; '

(c) guiding the columns to center them in their respective leg wells; and

(d) locking the columns to the deck.

27. The method of claim 26, further comprising the step of over-ballasting the
columns to create a compressive engagement between the first and second guide

elements, prior to the locking step.

28. The method of claim 26, wherein the locking step includes the step of

welding the columns to the deck within the interior of the leg wells.

29. The method of claim 26, wherein each column includes a plurality of
1ad1ally—movable lockm<3 members arranged circumferentiaily thereon, and wherein the
deck includes a plurality of locking member engagement elements arranged
circumferentially around each of the leg wells in circumferential positions comresponding

to the positions of the locking members, and wherein the locking step comprises the step

of moving the Iockmg members radially outward into a locking engagement with the

locking member engagement clements.
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30. The method of claim 29, wherein the step of moving the locking members is
performed by a mechanism selected from the group consisting of preumatic cylinders,

hydraulic cylinders, and jack screws.

31. The method of claim 26, wherein, on each column, ea_ch of the first guide
elements is located at the radial end of a radial bulkhead extending vertically from the
top of the column, wherein the step of guiding inciudes the steps of

(c)(1) installing a cap beam over the top of each of the leg wells, the cap beam
having the second guide elements located on it so as to be engaged by the first guide
elements when the column is raised to bring the bulkheads into engagement with the cap
beam; and ;

(c)(2) de-ballasting each of the columns to bring the bdﬁd}ea»dé mnto engégement

with the respective cap beams.

32. The method of claim 31, wherein the locking stép indudés the steps of
(d)(1) locking each of the caps beam to the deck after it has been engaged by the
bulkheads; and

(d)(2) welding the columns to the deck within the interior of the leg wells.
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