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and a method of deploying a mooring system is de-
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ity anchors (14) are connectable to each of the stop mem-
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tached thereto.

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 162 691 A1 2

Description
Field of the Invention

[0001] The presentinvention relates to atethering sys-
tem for use with an array of modular gravity anchors. In
particular, but not exclusively, the invention relates to de-
ployment of an array of gravity anchors on a seabed,
where the array of gravity anchors work cohesively as a
single anchor member.

Background to the Invention

[0002] An anchor is typically used to connect a vessel
orunderwater device, such as renewable energy devices
to the bed of a body of water, for example the seabed.
Gravity or deadweight anchors provide a holding force
from the submerged weight of the anchor.

[0003] The holding force of the gravity anchor is pro-
portional to its weight. Therefore, if the holding force re-
quired is greater the weight of the anchor must be pro-
portionately greater. As the weightincreases so does the
dimensions of the anchor. It will be appreciated that the
ability to transport and maneuver gravity anchors will be
affected as the weight and dimensions increase. Large
vessels are typically required to deploy large/heavy grav-
ity anchors.

[0004] Gravity anchors are historically formed from a
dense material such as cast iron, steel or lead. More re-
cently, gravity anchors have been formed from concrete.
The holding power of the anchor is defined by its weight
underwater (accounting for buoyancy), although suction
can increase this if it becomes buried. For instance, a
solid concrete anchor of dimensions 10 m by 5 m by 3.6
m would have a weight in air of 550 Tonnes and a weight
in water of 300 Tonnes. It will be appreciated that the
holding force of a concrete anchor placed underwater is
considerably lower than a correspondingly dimensioned
iron, steel or lead anchor.

[0005] Large concrete anchors, formed in a conven-
tional manner, are expensive to handle and install be-
cause heavy works vessel are typically required to trans-
port the anchor to the seabed.

[0006] Concrete anchors are cheaper to manufacture
than steel anchors, at less than a third of the cost, ap-
proximately, per unit holding force.

[0007] Anchorage systems with a capacity of, for ex-
ample, 700 tonnes may be provided by single gravity
anchors, subsea drilling or piling. Each of these activities
involve using expensive heavy lift vessels.

[0008] It is desirable to provide an anchor system
which involves reducing the cost of deployment and the
cost of operational and maintenance (O&M) activities.
[0009] Itis also desirable to provide an anchor system
that does not require a heavy works vessel to deploy the
anchor system, thereby reducing the O&M costs associ-
ated with conventional anchor systems.

[0010] Itis desirable to provide improved means of in-
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stalling a concrete gravity anchor on the bed of a body
of water, for example the seabed.
[0011] It is further desirable to provide an anchoring
system that reduces the cost associated with handling
and/or installing a gravity anchor.

Summary of the Invention

[0012] A first aspect of the present invention provides
atethering system operable to tether an array of modular
gravity anchors to a bed of a body of water, the tethering
system comprising:

an elongate tether locatable on the bed of a body of
water; and

a plurality of stop members distributable along the
tether and fixedly attachable to the tether, wherein
at least one gravity anchor is connectable to each of
the stop members.

[0013] The arrangement of the elongate tether, stop
members and modular gravity anchors is such that the
interaction of the stop members with a corresponding
modular gravity anchor combines the masses of each
gravity anchor that are smaller and lighter than typical
gravity anchors to act as a single cohesive mass on the
bed of the body of water in which the system is deployed,
for example the seabed.

[0014] Forexample a typical mooring system requiring
two 700 tonnes (wet weight) anchors is deployed to the
sea bed using a heavy load vessel. Such large masses
typically cannot be deployed with a small multi-cat vessel,
which typically has a winch capacity of less than 100
tonnes. Accordingly, a system according to embodi-
ments of the present invention combines multiple smaller
masses to provide a large mass on the seabed. There-
fore, the system is suitable for deployment using vessels
smaller than those conventionally used to deploy an
equivalent single large mass whilst having the ability to
provide the required anchorage due to the cohesive af-
fect provided by the tethering system. As such a tethering
system according to the embodiments described can be
deployed at less cost than conventional methods and
has the added benefit of reducing the risks associated
with a single lift operation of large masses.

[0015] The tether may comprise a chain comprising a
series of connected links wherein the stop members are
fixedly attached to the tether relative to one or more links
of the chain.

[0016] The stop members may comprise a surface
against which the gravity anchor locates when on the bed
of a body of water. Alternatively, the stop members may
comprise a receiving member against which or upon
which the gravity anchor is connectable when itis lowered
towards the stop member. In the embodiment where the
gravity anchor is connectable upon the receiving mem-
ber, the receiving member may protrude from a surface
of the stop member and may be configured to be receiv-
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able in a correspondingly shaped cavity provided at a
surface of the gravity anchor.

[0017] The stop member may comprise a frame struc-
ture comprising at least two plate members spaced apart
by structural supports, wherein the structural supports
act to engage with the tether to fixedly attach the stop
member to the tether. The structural supports may com-
prise two rods or pins each secured to each plate and
spaced sufficiently to receive a section of the tether ther-
ebetween and to prevent relative movement of tether and
the stop member.

[0018] In an alternative embodiment the tether may
comprise a series of longitudinal substantially rigid mem-
bers, each longitudinal member being connected by a
hinge mechanism to an adjacent longitudinal member,
wherein each stop member is fixedly attached relative to
a longitudinal member and hinge mechanism and is con-
figured to receive a gravity anchor.

[0019] The stop members may comprise a receiving
member upon which the gravity anchor is receivable
whenitis lowered towards the stop member. The receiv-
ing member may protrude from a surface of the stop
member and may be configured to be receivable in a
correspondingly shaped cavity provided at a surface of
the gravity anchor.

[0020] A second aspect of the present invention pro-
vides a mooring system comprising a tethering system
according to the first aspect and a plurality of gravity an-
chors, wherein at least one gravity anchor is connectable
to each stop member.

[0021] A mooring system of the second aspect pro-
vides a single cohesive system of multiple relatively small
masses to emulate a conventional large mass system,
wherein applying a load to the tether results in the tether
and the stop members acting together to transfer mooring
loads to the anchors.

[0022] The at least one gravity anchor may comprise
a pre-cast concrete block configured for connection to
the tethering system. Alternatively, the at least one grav-
ity anchor may comprise cast iron, steel or lead.

[0023] Connectionofthe gravity anchortothe tethering
system may be by locating a gravity anchor adjacent to
a face of the stop member. Alternatively, connection of
the gravity anchor to the tethering system may be by
being received upon a receiving member protruding from
each stop member.

[0024] The at least one gravity anchor may comprise
a modular construction, wherein a plurality of modular
elements can be combined to form a gravity anchor con-
nectable to each stop member.

[0025] Each modular element may comprise a self
aligning geometrical configuration comprising comple-
mentary mating surfaces such that a plurality of modular
elements are stackable relative to the stop member.
[0026] This configuration effectively reduces the
weight of each gravity anchor being located on the bed
of a body of water. Multiple modular elements can be
transported to the deploymentlocation and each modular
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element can be deployed individually to the bed of the
body of water in engagement firstly with the tether and
the stop member and subsequently with a modular ele-
ment already deployed.

[0027] The first modular element may comprise a void
area on its underside from front to back or side to side,
wherein the void area straddles the tether when in use.
[0028] Each modular element may comprise a void ar-
ea from front to back or side to side on its underside and
a correspondingly shaped raised area on its upper sur-
face such that in assembling the gravity anchor each
modular element is aligned by engagement of the raised
area within the void area.

[0029] A further aspect of the present invention pro-
vides a method of deployment of a mooring system ac-
cording to a second aspect of the present invention com-
prising the steps:

locating a tethering system comprising an elongate
tether and stop elements distributed along the length
of the tether on a bed of a body of water;

lowering atleast one gravity anchor per stop element
towards the bed of the body of water;

locating each of the gravity anchors relative to a stop
element;

pulling the tether thereby transferring the tether load
to the gravity anchors via engagement of the stop
elements and the gravity anchors thereby combining
masses of each gravity anchor and providing a co-
hesive singular mass on the bed of the body of water.

[0030] The step of lowering at least one gravity anchor
per stop element may comprise lowering a plurality of
modular elements per stop element, firstly locating a first
modular element relative to the tether and each stop el-
ement and subsequently repeating lowering a further
modular element into engagement with a previously in-
stalled modular element to connect a gravity anchor
structure with each stop element.

Description of the Drawings

[0031] Embodiments of the present invention will now
be described, by way of example only, with reference to
the accompanying drawings in which:

Figure 1 is a schematic representation of a mooring
system according to an embodiment of the present
invention;

Figure 2 is a schematic representation of an assem-
bly of an elongate chain tether and a plurality of stop
members according to an embodiment of the present
invention;

Figure 3 is a schematic representation of a stop
member attached to the tether as illustrated in figure
2
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Figure 4 is a schematic representation of the stop
member of Figure 3 showing engagement of the stop
member and the chain tether;

Figure 5 is a schematic representation of a tether
system according to an embodiment of the present
invention; and

Figure 6 is a schematic representation of a modular
gravity anchor system as used with the tethering sys-
tem of figures 2, 3 and 4.

Description of an Embodiment

[0032] Figure 1 illustrates a mooring system 10 com-
prising a tethering system 12 and a plurality of gravity
anchors 14 as located on the bed 16 of a body of water,
for example a seabed 16.

[0033] In the illustrated example the tethering system
12 comprises a chain 18 made up of a system of links
20 and a plurality of structural stop members 22 distrib-
uted along the chain 18. Each structural stop member 22
is configured to engage with a link 20 of the chain 18
such that relative movement of the chain 18 and the stop
member 22 is prevented (this is illustrated further in fig-
ures 3 and 4). The arrangement resembles a train, with
the structural stop members 22 and anchors 14 resem-
bling carriages.

[0034] Agravity anchor14islocated ateach stop mem-
ber 22. In the illustrated example each anchor 14 com-
prises a void on the underside (not visible in figure 1).
The void straddles the chain 18 such that the chain 18
effectively runs freely beneath the anchors 14. In the il-
lustrated example the arrangement is such that pulling
on the chain 18 pulls the stop members 22 into contact
with a corresponding gravity anchor 14 whereby the pull-
ing force is transferred from the chain 18 to the gravity
anchor 14. As such the arrangement combines multiple
small masses to act as a single cohesive mass on the
seabed 16.

[0035] The mooring system 12 provides a modular
gravity anchor train that facilitates deployment of large
mooring forces using multi-cat type vessels that typically
have limited lifting capacity, for example less than 100
tonnes.

[0036] A mooring system 12 as illustrated in figure 1
can be installed in stages by a multi-cat class vessel.
Therefore, significant cost savings can be made on in-
stallation activities. Conventional deployment of a moor-
ing system requiring large mooring forces uses large ves-
sels or multiple vessels. As such a system according to
embodiments of the present invention represents saving
in respect of hire and mobilization costs. This means that
down time and delays become fewer and therefore less
expensive.

[0037] Figure 2illustrates the arrangement of the teth-
ering system 12 including the chain 18 and a plurality of
structural stop members 22. Figures 3 and 4 illustrate
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the arrangement of the stop members 22 relative to the
chain 18 and the chain links 20.

[0038] In the illustrated example, the stop member 22
comprises a structural steel framework including two
structural members 24, shown as tubular members, for
example steel hollow section. The structural members
24 are spaced apart to accommodate the chain 18 pass-
ing between them. Two high strength steel rods or pins
26 are located between the structural members 24 such
that a link 20 is received between the rods 26 to prevent
relative movement of the chain 18 and the stop member
22.

[0039] The arrangement of the rods 26 is such that a
vertically orientated chain link 21 is located between the
rods 26 and the spacing is such that the adjacent hori-
zontally orientated chain links 20 are too wide to pass
through the gap between the rods 26. Therefore, move-
ment of the stop member 22 and chain 18 relative to each
other is limited to the length of the chain link 21 located
between the rods 26.

[0040] In the illustrated example the stop member 22
includes a stabilizing element 28 extending from one face
such that the support member 22 is stably located on the
sea bed 16 and a clean face 30 against which the gravity
anchor 14 is engaged when a load is applied to the teth-
ering system 12 via the chain 18.

[0041] Lifting rings 30 may be included at the upper
face ofthe stop member 22asillustrated.. The lifting rings
30 are used to lift the rods 26 into place when assembling
the stop members 22. The stop members 22 are gener-
ally assembled on shore.

[0042] The tethering system 12 is deployed onto the
seabed as an assembly of tether 18 and stop members
22 with the anchors 14 being deployed after the tethering
system 12 is located on the seabed.

[0043] Figure 4 illustrates a cross-section through the
centre of the stop member 22 as illustrated in figure 3.
Figure 4 illustrates the arrangementofthe rods 26 relative
to the links 20 of the chain 18 and highlights how the
spacing of the rods 26 is wide enough to accommodate
a vertically orientated chain link 20 between them and
narrow enough to stop adjacent horizontally orientated
links 20 passing between the rods 26 when a load is
applied to the tether 12. Therefore, relative movement of
the chain 18 and the stop member 22 is limited.

[0044] The engagement of the chain 18 and the stop
member 22 is such that when a load is applied to the
chain 18 the stop members 22 are pulled into contact
with the associated gravity anchor 14 and the load is
transferred from the tethering system 12 to the anchors
14 to provide an effective mooring system 10.

[0045] Figure 5 illustrates a further example of a teth-
ering system 120 that can be used with the individual
anchor elements as illustrated in figure 1. In the illustrated
example the tethering system 120 includes a plurality of
longitudinal substantially rigid members, for example
steel bars or rods 180, that are connected end to end
with a hinge mechanism 182. The hinge mechanism 182
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is operable to join the longitudinal members 180, whilst
maintaining some flexibility to facilitate installation and
movement within the system when located on the seabed
16.

[0046] Stop members 220 are provided at the junction
of adjacent longitudinal members 180. In this example
the stop members 220 each comprise a receiving mem-
ber 222 against which the gravity anchors 14 (not illus-
trated in figure 5) are located when they are lowered to
the seabed 16. In the illustrated example the receiving
member is a vertically orientated bar or pole upon which
or against which the anchors 14 can be secured.
[0047] Figure 6 illustrates an example of modular ele-
ments 50 used to create each gravity anchor 14 as used
with the tethering system 12, 120 as illustrated in figures
1to 5. Each modular element 50 includes a self aligning
geometry such that the complete anchor structure is sta-
ble when located on the seabed and that movement of
each modular element 50 relative to an underlying mod-
ular element is restricted. The gravity anchor 14 as illus-
trated in figure 1 is formed from a tower of the modular
elements 50. In the illustrated example (figure 1) four
modular elements are used to form each gravity anchor
14.

[0048] As illustrated in figure 6 an anchor 14 is formed
by building a tower of modular elements 50. An exploded
assembly of two modular elements 50 is illustrated in
figure 6 such that the interaction of the modular elements
50 is evident.

[0049] Each modular element 50 includes a void 52 in
the underside. The void 52 runs along the width, from
the front 54 to the back 56, of the modular element 50.
The top/upper surface 58 of each modular element in-
cludes a raised portion 60. In the illustrated example the
cross sectional shape of the void 52 and the raised por-
tion 60 is a trapezoid. It will be appreciated that the shape
and size of the void 52 and the raised portion 60 corre-
spond and are shaped such that each modular element
50 is aligned relative to a previously installed/underlying
modular element 50.

[0050] In the illustrated example, the first modular
element , which is first to be located on the seabed in-
cludes a flat base from front to back and includes the
void area 52 described above. The void area 52 in the
first modular element 50 is provided to straddle the tether
12, 120 when situated on the seabed 16.

[0051] At the back of the each subsequent modular
element 50 a beveled void 62 is included on the underside
and a beveled step 64 is included on the upper surface
to correspond in shape and size with the beveled void 62.
[0052] The gravity anchor 14 is assembled by locating
a first modular element 50 on the seabed such that the
void 52 straddles the tether 12 located on the seabed 16.
A subsequent modular element 50 is lowered onto the
first modular element 50 such that the beveled void 62
and the trapezoidal void 53 on the subsequent modular
element mate with the corresponding beveled step 64
and trapezoidal raised section 60 respectively on the first

10

15

20

25

30

35

40

45

50

55

modular element 50. The assembly process is repeated
with subsequent modular elements 50 being installed un-
til the gravity anchors 14 are representative of the re-
quired total effective mass.

[0053] The self-aligning geometry of the modular ele-
ments 50 reduces the required positional accuracy com-
pared with, for example a basket-type frame. The moor-
ing system 10 as illustrated is assembled more easily
than a basket frame arrangement because the assembly
process is more open because there is no confined struc-
ture surrounding the blocks. As such a wider approach
angle can be adopted and the geometry of each modular
element 50 assists in aligning the modular element when
being lowered towards the seabed.

[0054] The self-aligning geometry of the modular ele-
ments simplifies deployment operations, reducing the re-
quired positional accuracy. The known system using bas-
ket-type frames is less easily handled by multi-cat ves-
sels, if at all, and requires a clear, flat landing zone on
the sea-bed. Moreover, a greater degree of accuracy is
required when placing concrete blocks in the basket
frame.

[0055] In the illustrated example each modular ele-
ment 50 is made from a cast concrete block. However,
it will be appreciated that other materials may also be
suitable, for example cast iron, steel or lead.

[0056] It will be appreciated that the modular arrange-
ment of the mooring system according to the described
embodiments provides improvements in how a gravity
anchor system is deployed onto the seabed. The mooring
system according to the described embodiments can be
deployed using a multi-cat class vessel.

[0057] Such vessels are more readily available for use
than larger working vessels and the cost to use such
vessels is generally an order of magnitude less expen-
sive than the larger vessels. Whilst the present embod-
iment involves multiple lifting operations it will be appre-
ciated that the smaller masses can be lifted, manoeuvred
and located on the seabed more easily than a single large
load. As such the present invention provides portability
in a mooring system and substantial cost savings in cost
of operational and maintenance costs.

[0058] In deployment of any gravity anchor system lo-
cal sea-bed conditions can be problematic, for example
the size and location of boulders etc may interfere with
successful placement of a gravity anchor. A mooring sys-
tem according to the described embodiments is consid-
ered adaptable to such seabed conditions by distributing
the stop members along the tether with knowledge of the
seabed surface undulations. As such the modular ele-
ments/anchors can be selectively placed to reduce the
problems associated with an uneven seabed. As such
interference with the tethering system can be controlled
and therefore unexpected loadings or unstable deploy-
ment, presenting the risk of anchors toppling, can be
monitored and controlled.

[0059] Itwillbe appreciated that installation of the mod-
ular mooring system may take more time than installation
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of an equivalent large anchor. However, as discussed
above the cost of equipment involved in deploying the
large anchor is an order of magnitude more expensive
than a smaller vessel, which is suited to installing multiple
smaller blocks. For the modular system described above
the vessel day rate is vastly cheaper than that for the
single lift system therefore even though multiple pass-
es/lifts are required for the modular system it is still more
cost effective to do so.

[0060] Whilst specific embodiments of the present in-
vention have been described above, it will be appreciated
that departures from the described embodiments may
still fall within the scope of the present invention.

Claims

1. A tethering system operable to tether an array of
modular gravity anchors to a bed of a body of water,
the tethering system comprising:

an elongate tether locatable on the bed of a body
of water; and

a plurality of stop members distributable along
the tether and fixedly attachable to the tether,
wherein at least one gravity anchor is attachable
to each of the stop members.

2. A tethering system as claimed in claim 1, wherein
the tether comprises a chain comprising a series of
connected links and wherein the stop members are
fixedly attached to the tether relative to one or more
links of the chain.

3. A tethering system as claimed in claim 1, wherein
the tether comprises a series of longitudinal substan-
tially rigid members, each longitudinal member being
connected by a hinge mechanism to an adjacent lon-
gitudinal member, wherein each stop member is fix-
edly attached relative to a longitudinal member and
hinge mechanism and is configured to receive a
gravity anchor.

4. A tethering system as claimed in any of claims 1 to
3, wherein the stop members comprise a surface
against which the gravity anchor locates when on
the bed of a body of water.

5. A tethering system as claimed in any of claims 1 to
3, wherein the stop members comprise a receiving
member upon which the gravity anchor is receivable
when it is lowered towards the stop member.

6. A tethering system as claimed in claim 5, wherein
the receiving member protrudes from a surface of
the stop member and is configured to be receivable
in a correspondingly shaped cavity provided at a sur-
face of the gravity anchor.
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7. A tethering system as claimed in any preceding
claim, wherein the stop member comprises a frame
structure comprising at least two structural members
spaced apart by structural supports, wherein the
structural supports act to engage with the tether to
fixedly attach the stop member to the tether.

8. A tethering system as claimed in claim 7, wherein
the structural supports comprise two rods or pins
each secured to each plate and spaced apart to re-
ceive a section of the tether therebetween and being
operable to restrict relative movement of tether and
the stop member.

9. A mooring system comprising:

a tethering system according to any of the pre-
ceding claims; and

a plurality of gravity anchors, wherein at least
one gravity anchor is connectable to each stop
member.

10. A mooring system as claimed in claim 9, wherein
connection of the gravity anchor includes locating a
gravity anchor adjacent to a face of the stop member.

11. A mooring system as claimed in claim 9, wherein
connection of the gravity anchor includes locating
ethe gravity anchor to be received upon a receiving
member protruding from each stop member.

12. A mooring system as claimed in any of claims 9 to
11, wherein the at least one gravity anchor compris-
es a modular construction, wherein a plurality of
modular elements can be combined to form a gravity
anchor connectable to each stop member.

13. A mooring system as claimed in claim 12, wherein
each modular element comprises a self aligning ge-
ometrical configuration comprising complementary
mating surfaces such that a plurality of modular el-
ements are stackable relative to the stop member.

14. A mooring system as claimed in claim 12 or 13,
wherein afirstmodular element comprise avoid area
on its underside from front to back or side to side,
wherein the void area straddles the tether when in
use.

15. A mooring system as claimed in any of claims 12 to
14, wherein each modular element comprises a void
areafrom front to back or side to side onits underside
and a correspondingly shaped raised area on its up-
per surface such that in assembling the gravity an-
chor each modular element is aligned by engage-
ment of the raised area on a subsequent modular
element within the void area on a previous modular
element.
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A mooring system as claimed in any of claim 9to 15,
wherein the at least one gravity anchor comprises a
pre-cast concrete block configured for connection to
the tethering system.

A method of deployment of a mooring system ac-
cording to any of claims 9 to 16 comprising the steps:

locating a tethering system according to any of
claims 1 to 8 on a bed of a body of water;
lowering at least one gravity anchor per stop el-
ement towards the bed of the body of water;
locating each of the gravity anchors relative to
a stop element; and

pulling the tether thereby transferring the tether
load to the gravity anchors via engagement of
the stop elements and the gravity anchors there-
by combining masses of each gravity anchor
and providing a cohesive singular mass on the
bed of the body of water.

A method of deployment of a mooring system as
claimed in claim 17, wherein the step of lowering at
least one gravity anchor per stop element comprises
lowering a plurality of modular elements per stop el-
ement, including firstly locating a plurality of first
modular elements relative to the tether and each stop
element and subsequently repeating lowering a plu-
rality of further modular elements into engagement
with the first installed modular element to provide a
gravity anchor structure at each stop element and
repeating the step of lowering a plurality of modular
elements into engagement with previously installed
modular elements until the required anchorage is
achieved.

A tethering system as described herein and with ref-
erence to the drawings.

A mooring system as described herein and with ref-
erence to the drawings.
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