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(54) Mooring apparatus

(57) The present invention relates to apparatus for
mooring a floating vessel in open sea, using a semi sub-
mersible floating dock. The apparatus is particularly
suitable for tankers carrying liquid natural gas in cryo-
genic form which can be a dangerous substance to han-
dle and hence offshore terminals are preferred. The ap-
paratus comprises a semi-submersible floating dock (1)
for receiving a vessel (10) and a single point mooring

system (5), with a rigid arm (3) between the two. The
dock (1) is pivotally connected to the arm (3).
The single point mooring system (5) comprises a moor-
ing buoy (17) secured to the seabed by a compliant an-
choring system such as a number of catenary anchor
legs (15). This allows vertical movement of the mooring
buoy (17) but constrains the movement to a relatively
small column of water.



EP 1 400 442 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to apparatus for
mooring a floating vessel in open sea, using a semi-sub-
mersible floating dock.
[0002] There is a fast growing demand for Liquid Nat-
ural Gas (LNG) in developed countries and as a result
there is an increased need to import LNG into these
countries.
[0003] Unfortunately, due to the nature of LNG as a
cryogenic fluid, i.e. a gas in a cooled liquid form, it is
perceived that there are a number of risks associated
with its handling. For this reason, it is often difficult to
obtain permission for the construction and operation of
LNG receiving terminals, particularly in areas that may
be densely populated, either at the shore or in harbours.
[0004] Alternatively the LNG receiving terminals can
be located offshore, away from any populated areas.
However, transferring LNG between two offshore struc-
tures can pose a number of significant technical difficul-
ties due to the large relative motions that may result be-
tween the vessels as a result of wave action acting upon
them. Current offloading apparatus does little to reduce
the effects of wave action upon two offshore vessels and
consequently there is a need for improved fluid transfer
apparatus.
[0005] It is known to use a submersible dock to trans-
fer fluid from a first vessel to a receiving terminal. Typical
arrangements of this sort are disclosed in patent docu-
ments GB 2,056,391, US 3,841,501 and FR 1,421,700.
However, such arrangements invariably suffer from op-
erational disadvantages.
[0006] GB 2,056,391 discloses a submersible dock
comprising a frame which is connected via a rigid artic-
ulated arm to an anchoring member on the seabed. Be-
ing rigidly connected to the sea bed the frame has lim-
ited movement in a vertical direction. Consequently, it
would be unsuitable for mooring a tanker in heavy seas.
[0007] Conversely, US 3,841,501 discloses a sub-
mersible dock having a range of movement limited only
by the length of the fluid supply line. There are no inte-
gral means for mooring the tanker, other than to the sub-
mersible dock itself, and so the tanker must instead be
moored by attachment to a separate buoy or submerged
buoyant body.
[0008] There is therefore a need for a loading dock
which can overcome these disadvantages and which is
able to rigidly moor a vessel yet permit sufficient motion
of the mooring means such that fluid transfer between
the vessel and the receiving terminal can occur in heavy
seas.
[0009] The present invention provides apparatus for
mooring a partly submerged floating vessel, comprising
a floating dock, a single point mooring system and a rigid
connecting member connecting the dock to the single
point mooring system, wherein the dock is pivotally at-
tached to the connecting member and the single point
mooring system is attached to the seabed by a compli-

ant mooring system.
[0010] Preferably, the rigid connecting member is piv-
otally attached to the dock for movement about two mu-
tually perpendicular axes.
[0011] Advantageously, the apparatus further com-
prises at least one thrust producing device mounted to
the dock to facilitate movement of the dock relative to
the single point mooring system or the stationary earth.
[0012] In addition, the floating dock may further com-
prise variable buoyancy means to raise and lower the
level of dock in the water.
[0013] Typically, the variable buoyancy means com-
prises at least one tank, means to admit water to the
tank to reduce buoyancy and means to supply gas to
the tank to expel water therein in order to increase buoy-
ancy.
[0014] The dock may comprise a floor structure en-
gageable against the hull of a vessel and a plurality of
columns projecting upwardly from the floor structure, the
columns arranged on either side of the axis to allow a
vessel to enter and exit the dock in the same direction.
[0015] Preferably, the single point mooring system
comprises a floating buoy attached to the seabed by
three equi-spaced anchor leg groups to prevent exces-
sive drift of the buoy.
[0016] A swivel mechanism may be fitted between the
buoy and the anchor leg groups.
[0017] Each anchor leg group typically comprises two
or more generally parallel anchor legs to provide redun-
dancy.
[0018] A winch mechanism is preferably mounted on
the single point mooring system, having a winch line at-
tachable to a vessel and operable to facilitate entry of
the vessel into the dock.
[0019] The apparatus usually further comprises load-
ing means on the dock for loading or unloading contents
of a vessel moored in the dock.
[0020] In particular, a riser may connect the single
point mooring system to a seabed structure, such as a
pipeline, and fluid conduits extend from the riser to the
dock for transmission of fluid to the loading means.
[0021] The present invention also provides a method
for mooring a vessel in an offshore environment, utilising
apparatus of the type described above, comprising the
steps of aligning the floating dock with the direction of
approach of a floating vessel, positioning the vessel
within the dock, increasing the buoyancy of the dock to
raise the level of the dock in the water until it engages
against the underside of the hull of the vessel to sup-
press differential motion between the vessel and the
dock, and loading or unloading material onto or from the
vessel.
[0022] The present invention will now be described in
detail, by way of example only, with reference to the ac-
companying drawings in which:

Figure 1 is a schematic plan view of an embodiment
of the present invention illustrating a means for po-
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sitioning a tanker in a semi-submersible loading
dock;

Figure 2 illustrates in more detail the semi-submers-
ible loading dock of Fig. 1 and a single point mooring
system; and

Figure 3 illustrates a tanker positioned within a
semi-submersible loading dock.

[0023] A schematic view of the preferred embodiment
of the apparatus according to the present invention can
be seen in Fig. 1. A loading dock, shown generally at 1,
is attached by a rigid arm 3 to a single point mooring
system, shown generally at 5, and a winch line 21 is at-
tached between the single point mooring system 5 and
a docking vessel 10.
[0024] In cross-section the semi-submersible loading
dock 1 is arranged in a U configuration having a gener-
ally horizontal loading dock floor 7 supporting generally
vertical and perpendicular uprights 9. In order to accom-
modate relatively slender vessels, and yet provide a
large enough floor area to prevent pitching of the vessel
10 within the loading dock 1, it is preferred that the load-
ing dock floor 7 is rectangular in shape, with each of the
longer sides oriented in a direction that is generally par-
allel to the sides of a docking vessel 10.
[0025] To provide entry and exit routes for a docking
vessel 10 the uprights 9 are located along the long sides
of the dock 1 such that the ends of the dock 1 are left
open. A typical configuration of the loading dock 1 com-
prises a plurality of uprights 9 along a long side and a
single upright 9a located on the opposite long side.
Structural members linked between the plurality of up-
rights 9 provide support for any operational equipment.
The single upright 9a acts as a guide when manoeuvring
the vessel 10 into the dock 1.
[0026] In order to restrain the movement of the load-
ing dock 1 it is attached via a rigid arm 3 to a single point
mooring system 5. The rigid arm 3 is rotatably attached
to the loading dock floor 7 at the apex of a triangular
section 13 which is in turn attached to the short side of
the loading dock floor 7 on the exit side of the loading
dock 1.
[0027] The single point mooring system 5 consists of
a mooring buoy 17 secured to the sea bed by a compli-
ant anchoring system, such as a number of catenary an-
chor legs 15, such that movement of the buoy 17 is re-
stricted within known parameters. This mooring system
5 allows vertical movement of the mooring buoy 17 but
constrains this movement to a relatively small column
of water.
[0028] The rigid arm 3 is attached to the mooring buoy
17 and acts to position the loading dock 1 at a sufficient
distance from the single point mooring 5 such that a ves-
sel 10 may be positioned within the loading dock 1 with-
out colliding with the mooring buoy 17.
[0029] The arm 3 typically has two axes of movement

at its point of attachment to the loading dock 1, best seen
in Figure 2. The first axis 28 is a substantially vertical
axis, generally perpendicular to the loading dock floor
7, enabling the loading dock 1 to rotate relative to the
arm 3 in a generally horizontal plane in response to rel-
ative movements between the loading dock 1 and the
mooring buoy 17, particularly for alignment purposes on
the approach of a vessel 10. The second axis 30 is a
substantially horizontal axis enabling the arm 3 to pivot
in a substantially vertical plane in response to relative
displacements between a vessel 10 and the mooring bu-
oy 17.
[0030] To aid with the docking of a vessel 10 the ap-
paratus of the present invention is equipped with a plu-
rality of motion inducing devices. For example, thrusters
19, typically attached to the long sides of the loading
dock, are used in the preliminary stages to align the long
axis of the loading dock 1 with the line of approach of
the vessel 10 and during the final stages of docking, to
position the loading dock 1 such that contact between
the sides of the vessel 10 and the uprights 9 is limited.
A winch (not shown) and winch line 21, typically integral
to the mooring buoy 17, are provided for attachment to
an approaching vessel 10 to further control progress of
the vessel 10 into the loading dock.
[0031] The apparatus of the present invention will now
be described in more detail in reference to Fig.2.
[0032] The loading dock floor 7 is typically construct-
ed from steel box section girders permanently attached
together in a single plane in a ladder type configuration.
For example, the loading dock floor 7 may have two side
beams spaced apart by transverse members. In a pre-
ferred embodiment the loading dock floor 7 is construct-
ed from two side beams 8 and three main transverse
members 12 and two smaller cross section tubular brac-
ing members 11. In addition, two further members ex-
tend from one end of the frame 7 to form a triangular
section 13, at the apex of which the arm 3 is attached.
[0033] Within these transverse members 12 are con-
tained floatation chambers 23 which enable the buoy-
ancy of the loading dock 1 to be increased or decreased
and hence facilitate raising or lowering of the loading
dock 1. To decrease buoyancy the floatation chambers
23 are vented to allow egress of air and ingress of water.
To increase buoyancy the floatation chambers 23 are
vented to permit expulsion of water under the pressure
of air supplied to the floatation chambers 23 from a com-
pressed air supply.
[0034] When transferring fluid, and in particular cryo-
genic fluid such as LNG, between two floating structures
in an offshore environment it is important that any rela-
tive motion between the floating structures is reduced
to a minimum. Mooring the structures together in a con-
ventional manner may decrease the relative motion but
will not reduce it sufficiently. To achieve the desired re-
duction in the motion between the vessels it is required
that a positive engagement is made between the two
floating structures. The apparatus of the present inven-
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tion achieves positive engagement of the floating struc-
tures by using the adjustable buoyancy floatation cham-
bers 23 which are able to force the loading dock floor 7
into contact with the bottom of the hull of the vessel 10
with sufficient upthrust that the loading dock 1 and ves-
sel 10 move in unison.
[0035] The uprights 9,9a are preferably cylindrical
and extend perpendicularly upwards from the loading
dock floor 7 so that they protrude above the surface of
the water. Along one of the long sides of the loading dock
floor 7 three uprights 9, a horizontal beam 14 and two
diagonal braces 16 form a structure which acts as a sup-
port for the operational equipment of the loading dock
1. In addition to the features already described the load-
ing dock 1 also comprises fluid transfer means 25, typ-
ically LNG loading/unloading equipment, processing
equipment, for example a LNG re-gasification plant 20,
and operational facilities, for example personnel living
quarters and/or a helideck 18.
[0036] To prevent damage to the bottom and sides of
a docking vessel 10, the loading dock floor 7 and up-
rights 9 of the loading dock 1 are equipped with fenders
22. The fenders 22 attached to the loading dock floor 7
are also intended to provide additional grip between the
loading dock floor 7 and the bottom of the hull and to
prevent damage caused by movement between the
loading dock floor 7 and the hull of the vessel.
[0037] The arm 3 is constructed in a similar way to the
loading dock floor 7 having two side beams 24 between
which cross members and bracing are positioned. Due
to its relatively slender nature it is desirable that the
overall mass be kept to a minimum to decrease flexure
of the arm 3. At its proximal end the arm 3 is fixed to the
apex of the triangular section 13 of loading dock floor 7
by a coupling 27 which allows the arm 3 to rotate about
the vertical axis 28 and pivot about the horizontal axis
30 and at its distal end the arm 3 is fixed to the mooring
buoy 17.
[0038] The mooring buoy 17 is the surface component
of the single point mooring system 5 and is attached to
the sea bed by anchor legs 15. To further facilitate the
movement of the loading dock 1 the mooring buoy 17 is
rotatably attached to these anchor legs 15. Attached be-
neath the anchor legs 15 are attached to this. In the pre-
ferred embodiment, there are three anchor legs 15
spaced at approximately 120 degrees from each other.
The use of three anchor legs 15, each supplying approx-
imately the same degree of tethering force, helps to limit
movement of the buoy 17 within a vertical column of wa-
ter. Each of the three anchor legs 15 may comprise three
individual, and generally parallel, anchor lines. Each of
the anchor lines, which are typically anchor chains, are
capable of supporting the loads applied to the mooring
buoy 17, the additional anchor lines acting as redundant
members in case of failure of one or more of the anchor
lines.
[0039] It is further envisaged that the mooring buoy
17 may support a flexible riser 31 in order to transfer

fluid between a subsea pipeline connected to a shore-
line and the vessel 10. To connect the fluid transfer
means 25 of the loading dock 1 with the flexible riser 31,
a further pipeline, which may either be a flexible pipeline
or a rigid pipeline having flexible joints, may be run via
the arm 3.
[0040] Figure 3 shows a vessel 10, in this case a LNG
tanker, in a docked configuration with the loading dock
1. The uprights 9 protrude above the surface of the water
to an appropriate height such that fluid transfer means
25 can be extended between the loading dock 1 and the
docked vessel 10. The preferred location for the vessel
10 is equidistant the two rows of uprights 9, to reduce
any pitching moments. This prevents unnecessary dam-
age being caused by contact between the sides of the
hull and the uprights 9 and provides sufficient room in
which to manoeuvre the fluid transfer means 25.
[0041] In reference to the plan view of the apparatus
shown in Fig.1 the method of docking a vessel 10 within
the loading dock 1 will now be explained.
[0042] When the loading dock 1 is empty the floatation
tanks are flooded to position it in a semi-submerged
state. This serves two purposes. Firstly, it prepares the
loading dock 1 to receive a new vessel 10 and secondly
it lowers the centre of gravity of the loading dock 1 with
respect to the surface of the water and consequently in-
creases its stability.
[0043] On the approach of a vessel 10 the loading
dock 1 must be manoeuvred into a position in which its
longitudinal axis is substantially aligned with the longi-
tudinal axis of the vessel 10. In addition, the loading
dock 1, the arm 3 and the vessel 10 should be aligned
in such a way that once fluid transfer is complete the
vessel 10 may exit from the dock in a forwards direction
without colliding with the mooring buoy 17. This is shown
in Figure 1 by the angular offset between the arm 3 and
the longitudinal axis of the loading dock 1.
[0044] Movement of the loading dock 1 is induced by
the thrusters 19 located along the sides of the loading
dock 1. Control of these thrusters 19 is effected by crew
members located upon the loading dock 1. Approach of
the vessel 10 to the loading dock 1 is made by the vessel
10 under its own power, however, once the vessel 10 is
close to the loading dock 1 a winch line 21 is attached
to the bow of the vessel 10 so that the ship can be guided
into the loading dock 1 under greater control. The winch
line 21 is attached to a winch which is integral with the
mooring buoy 17. Connection between the mooring bu-
oy 17 and the docking vessel 10 is achieved using
known techniques.
[0045] Once the vessel 10 has proceeded through the
loading dock 1 to such an extent that the loading dock
1 is positioned approximately midships and the loading/
unloading points on the ships are adjacent to the fluid
transfer means 25, further progress of the vessel 10 is
halted. At this point it is envisaged that securing lines
may be attached between the vessel 10 and one or more
of the uprights 9 to maintain the position of the vessel
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10 within the loading dock 1. Once any such lines have
been secured the buoyancy of the floatation tanks is in-
creased, by the addition of compressed air, and the
loading dock 1 rises in the water until the hull of the ves-
sel 10 contacts the loading dock floor 7. A measured
further increase in the buoyancy of the tanks then acts
to ensure contact between the vessel 10 and the loading
dock 1 for all sea conditions, thus suppressing differen-
tial motion between the dock 1 and the vessel 10. The
vertical movement of the loading dock 1 is enabled by
pivoting of the arm 3 around the horizontal axis 30. Once
the vessel 10 has been docked loading/unloading can
be carried out by any conventional and appropriate
means.
[0046] Once the transfer of fluid is complete and the
fluid transfer means 25 has been detached from the ves-
sel 10 the floatation tanks 23 can be flooded and the
loading dock floor 7 can be lowered away from the ves-
sel 10 to its default empty position. Any securing lines
may now be removed and with the assistance of the
mooring buoy 17 winch the vessel 10 may leave the
loading dock 1. Use of the thrusters 19 may additionally
be required to ensure that contact is not made between
the hull and the uprights 9.
[0047] The reader will realise that various modifica-
tions and variations to the specific embodiments de-
scribed are also possible without departing from the
scope of the claims.

Claims

1. Apparatus for mooring a floating vessel, comprising
a partly submerged floating dock, a single point
mooring system and a rigid connecting member
connecting the dock to the single point mooring sys-
tem, wherein the dock is pivotally attached to the
connecting member and the single point mooring
system is attached to the seabed by a compliant an-
choring system.

2. Apparatus as claimed in claim 1, wherein the rigid
connecting member is pivotally attached to the dock
for movement about two mutually perpendicular ax-
es.

3. Apparatus as claimed in claim 1 or claim 2, further
comprising at least one thrust producing device
mounted to the dock to facilitate movement of the
dock relative to the single point mooring system or
the stationary earth.

4. Apparatus as claimed in any preceding claim,
wherein the floating dock further comprises variable
buoyancy means to raise and lower the level of the
dock in the water.

5. Apparatus as claimed in claim 4, wherein the vari-

able buoyancy means comprises at least one tank,
means to admit water to the tank to reduce buoy-
ancy and means to supply gas to the tank to expel
water therein in order to increase buoyancy.

6. Apparatus as claimed in claim 4 or claim 5, wherein
the dock comprises a floor structure engageable
against the hull of a vessel and a plurality of col-
umns projecting upwardly from the floor structure,
the columns arranged to allow a vessel to enter and
exit the dock in the same direction.

7. Apparatus as claimed in any preceding claim,
wherein the single point mooring system comprises
a floating buoy attached to the seabed by three
equi-spaced anchor leg groups.

8. Apparatus as claimed in claim 7, further comprising
a swivel mechanism between the buoy and the an-
chor leg groups.

9. Apparatus as claimed in claim 7 or claim 8, wherein
each anchor leg group comprises two or more gen-
erally parallel anchor legs.

10. Apparatus as claimed in any preceding claim, fur-
ther comprising a winch mechanism mounted on
the single point mooring system, having a winch line
attachable to a vessel and operable to facilitate en-
try of the vessel into the dock.

11. Apparatus as claimed in any preceding claim, fur-
ther comprising loading means on the dock for load-
ing or unloading contents to or from a vessel
moored in the dock.

12. Apparatus as claimed in claim 11, further compris-
ing a riser for connecting the single point mooring
system to a seabed structure and fluid conduits ex-
tending from the riser to the dock for transmission
of fluid to the loading means.

13. A method for mooring a vessel in an offshore envi-
ronment, utilising the apparatus as claimed in claim
1, comprising the steps of aligning the floating dock
with the direction of approach of a floating vessel,
positioning the vessel within the dock, increasing
the buoyancy of the dock to raise the level of the
dock in the water until it engages against the under-
side of the hull of the vessel to suppress differential
motion between the vessel and the dock, and load-
ing or unloading material onto or from the vessel.
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