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(57) Abstract: A jacking device for a jacket struc-
ture, a method of installing a platform deck to a
jacket structure, and a method of relocating a jack-
et structure from a first location to a second loca-
tion are disclosed. The jacking device includes a
first rim configured to be releasably locked to the
jacket structure; a second rim configured to be re-
leasably locked to the jacket structure at a position
vertically higher than the first rim; and a plurality
of linear actuators coupled between the first and
second rims, the linear actuators being operable
between a retracted position and an expanded posi-
tion to provide relative movement between the
jacking device and the jacket structure, wherein the
first and second rims are operable between an open
state in which the first and second rims can be as-
sembled to jacket structure from a lateral direction
relative to the jacket structure, and a closed state in
which the first and second rims fully wrap around
the jacket structure.
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A JACKING DEVICE

FIELD OF INVENTION

The present invention relates broadly to devices and methods for raising

or lowering heavy objects, and particularly but not exclusively, to a jacking device

- for a jacket structure, and methods using such a device.

BACKGROUND

In offshore hydrocarbon exploration and production, various types of
structures have been used. A typical structure includes an elongated jacket
having a top end supporting a platform deck and a bottom end connected to e.g.
a seabed. For example, the bottom end may rest directly on the seabed together
with stablising weights arranged to minimize sway of the jacket and the platform
deck. Alternatively, for operations in deeper waters, the bottom end may be
anchored or moored to the seabed using e.g. cables. The platform deck, which
contains equipment and materials necessary for operation, is usually at a raised
height with respect to the water level such that the platform deck is clear of the

waves even in stormy conditions.

In an existing approéch to mount the platform deck to the jacket at a
desired height above the water level, the jacket is first secured to the seabed. A
vessel having a heavy-lift crane transports the platform deck to the location of the
jacket, and lifts the platform deck directly into iis position at the top end of the
jacket. The platform deck is then secured to the jacket using known techniques.
However, this apprdach has several limitations. For example, the vessel with the
required lifting capacity may not be available, thus resuiting in delays. in addition,
this ap-proach is rather weather—dependent; as it is very difficult to lift and position
the platform deck in windy or choppy conditions.

In another existing approach, jack-up platforms are used. A jack-up
platform includes a jacket and a platform deck pre-assembled at the construction
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yard and towed to site as a whole, as well as jacking equipment (e.g. strand

' jacks, gears and/or pulleys) for raising or lowering without another vessel.

Typically, the platform deck includes at least one hole formed therethrough for
receiving the jacket. At site, the jacket is lowered into the water, while the -
platfo'rm deck is kept afloat using buoyancy means. Once the jacket is secured to

_the seabed, the platform deck is raised to the desired height above the water

level. However, the conventional jacking equipment is typically fixedly mounted to
the jack-up platform, thus addihg complexity ‘to the structure as well as the
installation process. Furthermore, utilization of such jacking equipment is not
maximized, since it is normally left idie on the jack-up platform for most of the

time.

A need therefore exists to provide a device and method that seek to address

at least one of the above problems, or provide a‘useful alternative.

SUMMARY

According to a first aspect of the present invention, there is provided a jacking

device for a jacket structure, the jacking device comprising: |
 afirst rim configured to be releasably locked to the jacket structure;

a second rim configured to be releasably locked to the jacket sfructur_e at a
positioh vertically higher than the first rim; and |

a plurality of linear actuators coupled between the first and second rims, the
linear actuators being operable between a retracted position and an expanded
position to provide relative movement between the jacking device and the jacket
structure, ' _

wherein the first and second rims are bperable between an open state in
which the-first and second rims can be assembled to jacket structure from a lateral
direction relative to the jacket structure, and a closed state in which the firsf and

second rims fully wrap around the jacket structure.

The first rim may comprise a plurality of releasable first retaining members
configured to be received by the jacket structure for releasably locking the first rim to
the jacket structure.
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The second rim may comprise a plurality of releasable second retaining.
members configured to be received by the jacket structure for releasably locking the

second rim to the jacket struct_ure;

The first and second retaining members may comprise pins configured to be
releasably inserted into respective holes formed radially about circumferences of the

first and second rims.

- A top surface of the second rim may comprise protective padding attached
thereto and 'may be configured‘to be attached to a platform deck for raising or

lowering the platform deck relative to the jécket structure.

A bottom surface of the first rim may comprise protective padding attached
thereto and may be configured to be attached to a floating structure for raising or
lowering the jacket structure relative to the floating structure.

The first and second rim may each comprise at least two portions hingedly

connected to each other.
The linear actuators may comprise hydraulic cylinders.

There is also disclosed a jacket structure comprising a plurality of receiving
members for releasably locking with the first rim and/or the second rim of the jacking

device as defined in the first aspect.

There is also disclosed a floating structure having a slot formed therein for
receiving the first rim and/or the second rim of the jacking device as defined in the

first aspect.

According to a second aspect of the present invention, there is provided a
method of installing a platform deck to a jacket structure, the method comprising the
steps of: _ '

securing the jacket ‘structure to a seabed such that the jacket structure is
substantially vertiéal;

assembling the platform deck to the jacket structure from a lateral direction

relative to the jacket structure; and
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raising the platform deck relative to the jacket structure to a selected height

above a water level using the jacking device as defined in the first aspect.

Raising the platform deck relative to the jacket structure may comprrse

a) Iockrng both the first and second rims to the jacket structure the second
rirn being disposed adjacent a bottom surface of the platform deck;

b) with the linear actuators in the retracted position, unlocking the second rim
from the jacket structure while supporting the platform deck usmg the first rim;

¢) driving the linear actuators to the expanded posrtron thereby raising second
rim and the platform deck by an amount substantially equal to a displacement
between the retracted and expanded positions;
| d) locking the second rim to the jacket structure;

€) unlocking the first rim from the jacket structure; and _

f) withdrawing the linear actuators to the retracted position.

The method may further comprise: _
- repeating steps a) to f) until the platform deck is at the selected height from

 the water level; and

securing the platform deck to the jacket structure.

Assembling the platform deck to the jacket structure from a lateral direction
relative to the jacket structure may comprise transporting the platform deck on a
floating structure, the floating structure having a first slot aligned With a second slot
formed on the platform deck, and receiving the jacket structure at the first and

second slots.

Locking the first rim or the second rim to the jacket structure may comprise

engaging releasable retaining members disposed on the first rim or the second rim

with respective receiving members disposed on the jacket structure.

The jacket structure may comprise a substantially uniform cross-section about

a horizontal plane.

According to a third aspect of the present invention, there is provided a
method of relocating a jacket structure from a first location to a second location, the

method comprising the steps of:
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assembling a jacking device to the jacket structure from a lateral direction
relative to the jacket s{ructure; ]

‘detaching the jacket structure from a seabed; and

raising the jacket structure to a selected height from the seabed using the
jacking device as defined in the first aspect, the jacking device and the jacket

structure being supported by a floating structure, for moving the jacket structure from

fhe first location to the second location.

Raising the jacket structure may comprise the steps of:

a) locking both the first and second rims to the jacket struCture, the first rim
resting on the floating structure; |

b) with the linear actuators in the retracted position, unlocking the first rinﬁ
from the jacket structure while supporting the jacket structure using the second rim;

¢) driving the linear actuators to the expanded position thereby raising second
rim and the jacket structure by an amount substantially equal to a displacement
between the retracted and expanded positions;

d) locking the first rim to the jacket structure;

e) unlocking the second rim from the jacket structure; and

f) withdrawing the linear actuators to the retracted positioh.

The method may further comprise:

repeating steps a) to f) until the jacket structure is at the selected heig‘ht from
the seabed; and

transporting the jacket structure to the second location.

Locking the first rim or the second rim to the jacket structure may comprise
engaging. releasable retaining members disposed on the first rim or the second rim

with respective receiving members formed on the jacket structure.

The jacket structure may comprise a substantially uniform cross-section about

a horizontal plane.
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BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will be better understood and readily
apparent to one of ordinary skKill in the art from the following _wﬁtten description,

by way of example only, and in conjunction with the drawings,. in which:

Flgures 1a shows a schematlc perspectlve vuew of a ]ackmg devnce in a-

closed state wnth the hydrauhc cylinders expanded accordlng fo an example'

' embodlment

Figure 1b shows the jacking device of Figure’ 1a with the hydraulic cylinders

retracted.
Figure 1c shows the jacking device of Figure 1b in an open state.

Figure 2a shows a schematic perspective view of an offshore oil platform

according to an example implementation.

Figure 2b shows a close-up perspective view of the top end of the oil platform

of Figure 2a.

Figure 3a shows a plan view of a rim of a jacking device in a closed state

according to an alternate embodiment.

Figure 3b shows a plan view of the rim of the jacking device of Figure 3 in an

open state.

Figure 3c shows an exploded plan view of the rim of the jacking device of

Figure 3a.

Figure 3d shows a sectional view about a line C-C in Figure 3c and a

sectional view about a line D-D in Figure 3c.

Figure 3e shows a side view of the rim in Figure 3a.
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Figure 3f shows sectional views of the jacking device about lines A-Aand B-B

in Figure 3a with the hydraulic cylinders in the expanded position.

Figure 3g shows sectional views of the jacking device about lines A-A and B-

B in Figure 3a with the hydraulic cylinders in the retracted position.

. Figure 4 shows a schematnc side view of a jacket structure bemg towed ‘

. accordmg to-an |mp|ementat|on

Figure 5 shows a schematic side view of the jacket structure of Figure 4 as it

is being lowered into the water:

Figure 6 shows a schematic side view of the jacket structure of Figure 4 after

it has been secured to the seabed.

Flgure 7 shows a schematic side view |lIustrat|ng a platform deck and a

jacking device belng transported to the jacket structure of Figure 4.

- Figure 8 shows a schematic side view and a schematic plan view of a top end
of the jacket structure of Figure 4 illustrating assembly of platform deck and jacking

device of Figure 7.
Figure 9 shows a schematic side view of the top end of the jacket structure of
Figure 4 illustrating raising the platform deck using the jacking device according to an

example implementation.

Figure 10 shows a schematic side view of the top end of the jacket structure
of Figure 4 after the platform deck is raised to the desired height.

" Figure 11 shows a schematic side view of an oil platform during production.

Figure 12 shows a schematic side view of an oil platform during production

according to an alternate implementation.

Figure 13 shows a schematic side view of the oil platform of Figure 11
illustrating assembly of a jacking device and a floating structure to the oil platform.
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Fi‘gure 14 shows a schematic side view of the oil platform of Figure 11 after it

is raiéed from the seabed.

Figure 15 shows a schematic side view illustrating transporting the raised oil

- platform of Figure 14 from a first location to a second location.

-

- Figure 16 shows a schematic‘s.ide view of the oil »platform of Figure 15 at fhe \

second location.

- Figure 17 shows a schematic side view and a partial sectional view of the top
end of the ail platform of Figure 11 illustrating assembly of a jacking device and a
floating structure to the oil platform according to another implementation.

Figure 18 shows a schematic side view of the oil platform of Figure 11 after it
is raised from the seabed using the implementation shown in Figure 17.

Figure 19 shows a flow chart illustrating a method of 'installing a platform deck

to a jacket structure according to an example embodiment.

Figure 20 shows a flow chart illustrating a method of relocating a jacket
structure from a first location to a second location according to an example

embodiment.

DETAILED DESCRIPTION

Embodiments of the present invention provide a jacking device capable of
quick assembly to and removal from a jacket structure, in particular, a single-legged

jacket structure, as well as raising methods utilising such jacking device.

Figures 1a-1b show perspective views of a jacking device 100 in a closed
state according to an example embodiment. Figure 1c shows the jacking device 100
of Figures 1a-1b in an open state. The jacking device 100 includes a first rim 102, a
second rim 104 and a plurality of lin>ear actuators in the form of hydraulic cylinders

106a-d. The hydraulic cylinders 106a-d are coupled the first rim 102 at one end and
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to the second rim 104 at the other end, and are operable between an expanded

" position (Figure 1a) and a retracted position (Figure 1b) to create incremental

movements, as will be described in detail below. Here, four hydrau'lic': cylinders 106a-
d are shown; however, it would be appreciated that the number of hydraulic

~cylinders, their lifting capacity, and their maximum displacement between the

retracted position and the expanded position may be varied depending on e.g. the

- load to be raised or lowered. Moreover, other linear mechanisms providing linear -
~ displacement may be used in place of the hydraulic cylinders 106a-d in alternate

-embodiments.

The first rim 102 and second rim 104.are typiealiy made from" a dﬁrable

 material such as steel. In the example embodiment shown in Figures 1a;1c, the first

rim 102 and 104 are essentially identical and have a substantially square shape
corresponding to the cross-section of an elongaied object, e.g. a jacket structure (not
shown), to which the jacking device 100 is' assembled. Moreover, the first rim 102
and second rim 10-4 are operable between the closed state (Figures 1a-1b) and the
open state (Figure 1c)’ such that, in the open state, the jacking device 100 can be
assembled to the elongated object from a lateral direction, instead of an axial
direction, relative to the elongated object. For example, the first rim 102 and second
rim 104 are each made up of two halves coupled to each other by hinges. 108 and
110 respectively, as shown in Figures 1a-1c. In other implementations, the first rim
102 and second rim 104 may each be made up of more than two portions. in the
closed state, the first rim 102 and second rim 104 fully wrap around the elongated
object, and are secured by latches 112 and 114 (Figure 1c) respectively.

In addition, the first rim 102 includes a plurality of first retaining members in
the form of pins 116a-d inserted into respective holes 118a-d for releasably locking
the first rim 102 to the elongated object, e.g. a jacket structure. Similarly, the second
rim 104 includes a plurality of second retaining members in the forms of pins 120a-d
inserted into respective holes 122a-d for releasably locking the second rim to the
elongated object. The holes 118a-d and 122a-d are formed radially about the
circumferences of the first rim 102 and second rim 104 respectively. For example, in
Figure 1a, the pins 120a-d are fully inserted e.g. to effect locking of the second rim
104, while the pins 116a-d are fully withdrawn e.g. to effect unlocking of the first rim
102. In other words, the operation of the set of pins 116a-d is independent of the
operation of the set of pins 120a-d. The pins 116a-d, 120a-d may each be driven by
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respective driving means (not shown). Protective padding 124, 126 made of a
resilient material, e.g. rubber, may be attached to-a top surface 128 of the second rim
104 and a bottom surface 130 of the first rim 102 respectively to minimise direct

impact and damage during transportation and operation of the jacking device 100.

Figure 2a shows a schematic perspective view of an offshore oil platform 200
according to an example implementation, including the jacking device 100 of Figures
1a-1c¢. The oil platform 200 includes a baseb'202 an elongated jacket structure 204

| mounted to the base 202, and a platform deck 206 mounted to the jacket structure

204 in Figure 2a, ballasts/storage containers 203 and a flotation dewce 205 are -

- shown, while fac:llltles and equipment normally associated with the platform deck 206
" are omitted for .S|mpI|C|ty. As shown, the jacking device 100 is used to raise or Iower‘

the platform deck 206 from a middle section 208 to a top end 210 of the jacket
structure 204. The jacket structure 204 in this example is a truss structure having a
uniform cross-section, e.g. triangular, square, efc., abbut a horizontal plane.
Receiving members in the form of brackets 212 are disposed at equal intervals along
the jacket structure 204 from the middie secﬁon 208 to the top end 210 for releasably
locking the first rim 102 (Figure 1a) and second rim 104 (Figure 1a), as will be
described in detail with respect to Figure 2b.

Figure 2b is a close-up perspective view of the top end 210 of the oil platform
200 of Figure 2a including the jacket structure 204, the jacking device 100, and the
platform deck 206. The platform deck 206 includes an elongated siot 214 extending
from a side 216 to a middle portion 218 for receiving the jacket structure 204, such
that the platform deck 206 can be assembled to the jacket structure 204 from a
lateral direction relative to the jacket structure 204. In the position shown, the jacking
device 100 has also been assembled to the jacket structure 204 from a lateral

direction, and supports the weight of the platform deck 206.

An example procedure for raising the platform deck 206 up to the top end 210
of the jacket structure 204 is now described with reference to Figure 2b and Figures
1a-1b. It will be appreciated fhat a similar procedure can be carried out to lower the
platform deck 206, if necessary.

Initially, the jacking device 100 may be supporting the platform deck 206 while
the hydraulic cylinders 106a-d (Figures 1a-1b) are in the retracted position. In the
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retracted position, at least the first rim 102 is locked to the jacket structure 204 by
engaging the pins 116a-d with respective brackets 212 disposed on the jaCket
structure 204. For example, the pins 116a-d may be fully inserted into holes 118a-d
until distal ehds of the pins 116a-d rest on respective brackets 212, thereby
transferring {he weight to the jacket structure 204. lh alternate embodiments, other
latching or engaging mechahisms may be used to effect locking between fhe first rim
102 and the jacket structure 204. Preferably, both the first rim 102 and the second
rim 104 are locked to jacket structure 204 while the hydraulic cylinders 106a-d are in

the retracted position.

After dhecking that the first rim 102 is Ibcked to the jacket structure 204, the _
second rim 104 is uniocked from the jacket structure 204, e‘.g. by withdrawing the
pins 120a'-d from their engagement with the brackets 212. The hydraulic cylinders
106a-d are then driven to the expandéd position, thereby raising the second rim 104
together with the platform deck 206 by an amount substantially equal to the
displacement between the retracted position and the expanded position.

While the hydraulic cylinders 1063—d are in the expanded position, the second
rim 104 is locked.to the jacket structure 204. After checking that the second rim 104
is locked to the jacket structure 204, the first rim 102 is unlocked from the jacket
structure 204 (as shown in Figure 2b), and the hydraulic cylinders 106a-d are
withdrawn to the retracted position. Once the hydraulic cylinders 106a-d are
withdrawn, the first rim 102 is again locked to the jacket structure 204 at the next
higher set of brackets 212.

in the above steps, the platform deck 206 is raised by an amount substantially
equal to the displacement between the retracted ‘and expanded positions of the
hydraulic cylinders 106a-d. By repeating the above steps and providing a series of
sets of brackets 212, each set separated with the next higher set by a distance
determined based on this displacement, the platform deck 206 can be raised
incrementally until it reaches the top end 210. After the platform deck 206 is at the
desired height sufficient to provide a clearance from the waves, the platform deck
206 is secured to the jacket structure 204.

Figure 3a shows a plan view of a jacking device 300 in a closed state

according to an alternate embodiment. Figure 3b shows a plan view the jacking
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device 300 of Figure 3 in an open state. Figure 3¢ shows an exploded plan view of
the jacking device 300 of Figure 3a. Figure 3d shows a sectional view about a line C-
C in Figure 3c. Figure 3e shows a sectional view about a line D-D in Figure 3c.
Figure 3f ehows sectional views about lines A-A and B-B in Figure 3a with the
hydraulic cylinders in the expanded position. Figure 3g shows sectional views about
lines A-A and B-B in Figure 3a with the hydraulic cylinders in the retracted position.

With reference to Figures 3a-3g, the jacking device 300 is similar to the
jacking device 100 as described above with respect to Figures 1a-1c, and comprises
a ﬁrst.ri'm 302, a second rim _304 and a plurality of linear actuaters in the form of
hydraulic cylinders 306a-f coupled between the first rim 302 and the second rim 304.
Also, the first rim 302 and second rim 304 are operable between a closed state
(Figure 3a) and an open state (Figure 3b) such that the jacking device 300 can be
assembled to a jacket structure 320 from a lateral direction relative to the jacket
structure 320. For example, the second rim 304 is made up of two sections 308, 310
coupled to each other by hinge means 312. The first rim 302 and second rim 304
each also inciudes holes, e.g. 314a-c, formed radially about the circumferences.
Retaining members in the form of pins, e.g. 316a-c, are inserted inte the respective
holes 314a-c for releasably locking the first rim 302 and second rim 304 with the
jacket structure 320, represented here by a tubular body with dashed lines. The pins

- 316a-c may be driven by respective actuating means 318a-c.

In this embodiment, the jacket structure 320 has a uniform circular cross-
section. The first rim 302 and second rim 304 thus define a circular area
corresponding to the cross-section of the jacket structure 320 when in the closed
position (Figure 3a). In addition, as shown in Figufes 3f-3g, the jacket structure 320
includes receiving members in the form of holes 322 formed therein for receiving the
pins 316a-c to effect releasable locking of the first rim 302 and/or the second rim 304
to the jacket structure 320. Operation of the jacking device 300_is‘similar- to tha't

described above with respect to the jacking device 100 of Figures 1a-1c.

Exarhple uses of the jacking device as described above in conjunction with an

oil platform 200 (Figure 2a) are now described with reference to Figures 4-16.

in Figure 4, a jacket structure 400 is towed e.g. from a construction yard

along the water level to an offshore Iocation using a tow boat 402, assisted by a
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floatation device 404 and ballasts 406 positioned a base 408 of the jacket structure
400. Once the jacket structure 400 reaches the offshore location, the jacket structure
is lowered into the water, e.g. by removing the floatation device 404 and filling the

ballasts 406, as shown in Figure 5.

Under the effect of gravity, the base 408 of the jacket structure 400 sinks until

it reaches the seabed where it is secured In that position, as shown in Figure 6, the

body of the jacket structure 400 is substantially vertrcal, and a portion of the jacket

structure 400 protrudes from the water level.

NeXt as shown.in Figrure 7, a platform deck 410 together with a jacking
device 412 is transported to the jacket structure using a floatlng structure 414, e.g. a

barge.

As described above with reference to Figure 2b and shown agaih in Figure 8,
the platform deck 410 includes a slot 416 extending from one side to a middle portion
of the platform deck 410. When mounted on the floating structure 414, the siot 416 is
aligned with a slot (not shown) formed in the floatingb structure 414, such that the
floating structure 414 together with the platform deck 410 can approach the jacket
structure 400 from a lateral direction relative to the jacket structure 400 for |
assembling the platform deck 410 to the jacket structure 400. The jacking device 412
is also disposed on the ﬂcating structure 414 in alignment with the slot 416 just below
the platform deck 410, and can be assembled to the jacket structure 400 from a

lateral direction in the position shown in Figure 8.

With only the jackihg device 412 supporting the platform deck 410 on the
jacket structure 400, the platform deck 410 is raised in incremental steps in a manner
as described above with reference to Figures 2a-2b. Figure 9 shows a schematic
side view of the jacket structure 400 as the platform deck 410 is being raised by the

jacking device 412. Figures 10-11 shows schematic side views of the jacket structure

400 after the platform deck 410 has been raised to a desired height that provides a

safe clearance from the water level even ageinst large waves. Figure 12 shows a
side view similar to that in Figure 11, in which the jacket structure 1200 is

implemented with a tubular body instead of a truss body.
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In the position shown in Figures 11 and 12, the oil platform 200 may operate
untll the  production level drops to a level that the oil platform 200 nheeds to be
relocated to a different location within the oilfield. In order for the oil platform 200 to
be relocated, the oil platfofm 200 is first removed from the seabed using the jacking
device 412 and the floating structure 414, as shown in Figure 13. For example, the

jacking device is positioned at the siot formed in the floating structure 414, and the

floating structure 414 together with the jacking devnce 412 engage with the jacket

structure 400 from a lateral dlrectlon

’ Figure 14 shows a schematic side view of the oil platform 200 after it has
been removed from the seabed. At this point, the jacket structure 400 together with
the platform deck 410 mounted on top are supported by the floating structure 414.
For moving to a different location on the oilfield, the floating structure 414 may be -
towed by a tow boat, e.g. 402, as shown in Figure 15. After reaching the destination,
the oil platform 200 is lowered into the water and secured to the seabed as a whole,
while the tow boat 402, the floating structure 414 and the jacking device 412 may be

| freed for other uses.

Figure 17 shows a schematic side view and é partial sectiohal view of the top
end of the oil platform 200 of Figure 11 illustrating assembly of a jacking device 412
and a floating structure 414 to the oil platform 200 according to another
implementatioﬁ. Figure 18 shows a schematic side view of the oil platform 200 of
Figure 11 after it is raised from the seabed using the implementation shown in Figure
17. This implementation differs from that shown in Figures 14-15 in that a slot 418 is
formed by affixing, e.g. welding, cantilever beams 420, 422 to the floating structure
414 such that the cantilever beams 420, 422 extend from one end of the floating
structure 414, rather than forming a slot in fhé body of the floating structure 414.

With reference to Figure 17 and Figures 1a-1c, an example procedure to
raise the jacket structure 400 of the oil platform 200 is now described.

The first fim 424 of the jacking device 412 is received at the slot 418 of the
floating structure 414 and is attached to the cantilever beams 420, 422 such that the
jacking device 412 is aligned with the slot 418. The jacking device 412 is then
assembled to the jacket structure 400 from a lateral direction relative to the jacket
structure 400. Next, the jacket structure 400 is detached from a seabed so that it may



10

15

20

25

30

35

WO 2014/200432 PCT/SG2014/000270

| .15
be raised in incremental steps. Typically, both the first rim 424 and second rim 426 of
the jacking dévice 412 are locked to the jacket structuré 400, and the linear actuators
428 are in the retracted position, as shown in Figure 17. For examplé, the retaining

members of the first rim 424 and second rim 426 may abut the bottom surface of

_respective recéiving members disposed on the jacket structure 400, e.g. brackets

430, thereby transferring the weight of the jacket structure 400 to the floating

structure 414."

After checking that the second rim 426 is locked, the first rim 424 is uniocked
from the jacket structure 400, with the jacket structure 400 being supported using the

second rim 426. The linear actuators 428 are then driven to the expanded position. =

thereby réising second rim 426 and the jacket structure 400 by an amount
substantially equal to a displacement between the retracted and expanded positions.
While the linear actuators 428 are in the expanded position, the first rim 424 is locked
to the jacket structure 400. After checking that the first rim 424 is locked to the jacket
structure 400, the second rim 426 is uniocked from the jacket structure 400, and the

linear actuators 428 are withdrawn to the retracted position. Once the linear actuators’

428 are withdrawn, the second rim 426 is again locked to the jacket structure 400 at

the next lower set of brackets 430.

By repeating the above steps, the jacket structure 400 can be raised to a
selected height from the seabed using the jacking device 412, while the jacking
device 412 and the jacket structure 400 are supported by the floating structure 414.

Figure 19 shows a flow chart 1900 illustrating a method of ihstalling a platform
deck to a jacket structure according to an example embodiment. At step 1902, the
jacket structure is secured to a seabed such that the jacket structure is substantially

~vertical. At step 1904, the platform deck is assembled to the jacket structure from a
‘lateral direction relative to the jacket structure. At step 1906, the platform deck is

raised relative to the jacket structure to a selected height above a water level using

the jacking device as described above.

Figure 20 shows a flow chart 2000 illustrating a method of relocating a jacket
structure- from a first location to a second location according to an example
embodiment. At step 2002, a jacking device is assembled to the jacket structure from
a lateral direction relative to the jacket structure. At step 2004, the jacket structure is
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detached from a seabed. At step 2006, the jacket structure is raised to a selected

| height from the seabed using the jacking device as described above, the jacking

| - device and the jacket structure being supported by a floating structure, for moving the

10

15

20

jacket structure from the first location to the second location.

As described, embodiments of the present invention provide an effective

“solution for raising structures associated with offshore hydrocarbon exploration and

production, e.g. platform deck, jacket, etc. Ulilisation is optimized as the jacking

device and/or the floating structure (e.g. a barge) can be used for other purposes

. while production is on-going. Advantageously, assembly of the jacking device is

simplified and less risky, thereby reducing the time required for each operation.

It will be appreciated by a person skilied in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodimer_its without departing from the spirit or scope of the invention as broadly
described. For example, the jacket structure may include a plurality of elongated
legs, in which case one jacking device may be used for each leg. Also, the jacking
device és described may be used in other applications. The presént vembodiménts

are, therefore, to be considered in all respects to be illustrative and not restrictive.
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CLAIMS

1. A jacking device for a jacket structure, the jacking device comprising:

a first rim configured to be releasably locked to the jacket structure;

a second rim configured to be releasably locked to the jacket structure at a
position vertically higher than the first rim; and

a plurality of linear actuators coupled between the first and second rims, the
Iin‘ear' actuators being operable between a retracted position and an expanded

position to provide relative movement between the jacking device and the jacket

“structure,

wherein the first and second rims are operable between an open state in
which the first»a_nd second rims can be assembled to jacket structure from a lateral
direction relative to the jacket structure, and a closed state in which the first and

second rims fully wrap around the jacket structure.

2. The jacking device as claimed in claim 1, wherein the first rim
comprises a plurality of releasable first retaining members configured to be received a

by the jacket structure for releasably locking the first rim to the jacket structure.

3. The jacking device as claimed in claim 2, wherein the sebond rim
comprises a plurality of releasable second retaining members configured to be
received by the jacket structure for releasably locking the second rim to the jacket

structure.

4. The jacking device as claimed in claim 3, wherein the first and second
retaining membe(s comprise pins configured to be releasably inserted into respective

holes formed radially about circumferences of the first and second rims.

5. The jacking device as claimed in claim 4, wherein a top surface of the
second rim comprises protective padding attached thereto and is configured to be
attached to a platform deck for raising or lowering the platform deck relative to the

jacket structure.

6. The jacking device as claimed in claim 4, wherein a bottom surface of

‘the first rim comprises protective padding attached thereto and is configured to be _
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attached to a floating structure for raising or lowering the jacket structure relative to

the floating structure.

7. The jacking device as claimed in any ohe of the preceding claims,
wherein the first and second rim each comprises at least two portions hingedly

connected to each other.

8. The jacking device as claimed in any one of the preceding claims,

wherein the li'near actuators comprise hydraulic cylinders.

9. A jacket structure comprising a- plurality of receiving members for
releasably locking with the first rim and/or the second rim of the jacking device as

claimed in any one of the preceding claims.

10. A floating structure having a slot formed therein for receiving the first
rim and/or the second rim of the jacking device as claimed in any one of claims 1to =
8. |

11. A method of installing a platform deck to a jacket structure, the =

" method comprising the steps of:

, securing the jacket structure to a seabed such that the jacket structure is
substantially vertical; :

assembling the platform deck to the jacket structure from a lateral direction

~ relative to the jacket structure; and

raising the platform deck relative to the jacket structure to a selected height

above a water level using the jacking device as claimed in any one of claims 1 to 8.

12, The method as claimed in claim 11, wherein raising the platform deck
relative to the jacket structure comprises: |
| a) locking both the first and second rims to the jacket structure, the second
rim being disposed adjacent a bottom surface of the platform deck;
~ b) with the linear actuators in the retracted po‘sitidn, unlocking the second rim
from the jacket structure while supporting the platform deck using the first rim;
c) driving the linear aétuators to the expanded position thereby raising sécond

rim and the platform deck by an amount substantially equal to a displacement

-between the retracted and expanded positions;
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- d) Ioéking the second rim to the jacket structure;
e) unlocking the first rim from the jacket structure; and

f) withdrawing the linear actuators to the retracted position.

13. The method as cléimed in claim 12, further comprising: -
repeating steps a) to f) until the platform deck is at the selected height from
the water level; and o

securing the platform deck to the jacket structure.

14, The method as claimed in any one of claims 11 to 13, assembling the
platform deck to the jacket structure from a lateral direction relative to the jacket
structure comprises transporting the platform deck on a floating structure, the floating

structure having a first slot aligned with a second slot formed on the platform deck,

'and receiving the jacket structure at t.he first and second slots.

15. The method as claimed in any one of claims 11 to 14, wherein locking
the first rim or the second rim to the jacket structure comprises engaging releasable
retaining members disposed on the first rim or the s_ecohd rim with respective

receiving members disposed on the jacket structure.

16. The method as claimed in any one of claims 11 to 15, wherein the
jacket structure comprises a substantially uniform cross-section about a horizontal

plane.

17. A method of ,relocatihg a jacket structure from. a first location to a
second location, the method comprising the steps of: v

assembling a jacking device to the jacket structure from a lateral direction
relative to the jacket structure; ’

detach_iﬁg the jacket structure from a seabed; and

raising the jacket structure to a selected height from the seabed using the'
jacking device as claimed in any one of claims 1 to 8, the jacking device and the
jacket structure being supported by a floating structure, for moving the jacket

structure from the first location to the second location.

18. The method as claimed in claim 17, wherein raising the jacket

structure comprises the steps of:
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a) locking both the first and second rims to the jackét structufe, the first rim
resting on the floating structure; , _

b) with the linear actuators in the retracted position, unlbcking the first rim
from the jacket structure while supporting the jacket structure using the second rim;

¢) driving the linear actuators to the expanded position thereby raising second
rim and the jacket structure by an amount substantially equal to a dlsplacement
between the retracted and expanded posmons

d) locking the first rim to the jacket structure;

e) unlocking the second rim from the jacket structure; and

f) withdrawing the linear actuators to the retracted position.

'19.  The method as claimed in claim 18, further comprising: _
repeating steps a) to f) until the jacket structure is at the selected height from
the seabed; and’ -

transporting the jacket structure to the second location.

20.  The method as claimed in any one of claims 17 to 19, wherein locking
the first rim or the second rim to the jacket structure comprises engaging releasable
retaining members disposed on the first rim or the second rim with respective

receiving members formed on the jacket structure.

21, ~ The method as claimed in any one of claims 17 to 20, wherein the
jacket structure comprises a substantially uniform cross-section about a horizontal

plane.



WO 2014/200432 PCT/SG2014/000270

122a

106a

116a

124

120a
120b

* o |
108 .a/ | 106b

13p 116D 118b

Figure 1b



WO 2014/200432 PCT/SG2014/000270

- 2/20

114

112

" Figure 1c



WO 2014/200432 PCT/SG2014/000270

3/20

202

Figure‘2a \



WO 2014/200432 PCT/SG2014/000270

216

212

Figure 2b



WO 2014/200432 PCT/SG2014/000270

Figure 3b



WO 2014/200432 PCT/SG2014/000270

. 308
300 ‘
|G-
(N _ 4D
_AE
Figure 3¢
314c
{/ 1}
304 @ C ‘
SECTION C-C
bz
SECTION D-D
Figure 3d
T [T
Rl
VIEW E-E

Figure 3e



WO 2014/200432 PCT/SG2014/000270

7120
i 320
7
- M
b2 .
|, ~~CYUNDER

300

"

EXTENDED FOSITICH

' 306a
./
| % . y : _ . ’ 0 .
L—‘ "WW“"-«._,.____' /[\ - . \“%W_‘,«jj
SECTION AA 320 SECTIONBS
Figure 3f
J Mﬂ—,‘ ----- '“"*—m-.....o-—""‘“ T T """’-—__...——-f“’"a/
§ .
} j Wz
300 o - 31 8b e s
N — 6 %
4 322 N g
g / \ g
- Il - \c
D 7///
302
0) i N0
— N4
SECTIONAA . ™~ 320 SECTONBE

Figure 3g



WO 2014/200432 PCT/SG2014/000270

8/20.

402
. J
_Figure 4
L 402
 POTewewTwe s
402

WL

408

Figure 6




WO 2014/200432 PCT/SG2014/000270

Figure 7



PCT/SG2014/000270

WO 2014/200432

10/20

v | g a1nbi4

/ | (225
I T Y ) B T \\1/\]1//\\)_/
ECE=EDEETH \ r REEE
1454 , il 1
S It
MIIA JOL WHOZLY z o J
T BiEH - oLy
Ly @
007 —_|
o | il




PCT/SG2014/000270

11/20

WO 2014/200432

6 @Inbi4

Erld=tdad =ty / | mw //W ==k

ﬁ/\)/\

ZLy i il

(1144




WO 2014/200432 PCT/SG2014/000270

410

R

400

WATER LEVEL

[2]

i i

iy

m ;

==

Figure 10



WO 2014/200432 PCT/SG2014/000270

410

400

SEABED

S o i

Figure 11



WO 2014/200432 PCT/SG2014/000270

14/ 20

{: 1200
i
|
!
i
|

-Figure 12



WO 2014/200432 PCT/SG2014/000270

414




WO 2014/200432 PCT/SG2014/000270

410

414

L AN

Figure 14



WO 2014/200432 PCT/SG2014/000270

171720

402

SEASER

Figure 15



WO 2014/200432 PCT/SG2014/000270

. )
Py £
410 et ——
-~ g et
g | S ¢ ey T,
& T
T )

N wL
M P e AN e A A A S R

400 ~_

410

428 : 414

TR —_;_ii‘_—:}EEEEEEE}EEEEEiEE}EE{EﬁEE’,E; =i
i NI N NN NN

Figure 17



WO 2014/200432 PCT/SG2014/000270

19/20

410

W.L H et :

SEABED

Figure 18



WO 2014/200432 PCT/SG2014/000270

20/20

securing the jacket structure to a seabed such that the
/ jacket structure is substantially vertical

1902
assembling the platform deck to the jacket structure
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jacking device
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