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1 Technology catalogue

Horizontal axis turbines

General description

Suitable environmental
conditions

i Water depth

I Resource

9 Seabed type

I Coastal character

This device extracts energy from moving water in much the same way as
wind turbines extract energy from moving air. The tidal stream causes
the rotors to rotate around the horizontal axis and generate power.
Supporting structures vary greatly; from seabed mounted gravity bases to
moored floating structures.

Functional mode - blades rotating from 1m/s to peak springs at varying
rotational speeds (currently unknown)

Shutdown mode - blades may be fixed or rotating freely
Power conversion method ¢ gearbox to electrical

Typical power output¢ 1MW

(To help identify the types of areas suitable for deployment and to ass
geographical overlap with potentially vulnerable species)

15-80m

<1.5m/s current speed with as little wave exposure as possible, linear
flow ideal but uncommon

N/A - Tidal development is not limited by seabed type but development
areas are likely to be tidal swept bedrock (or other hard substrate) with
no/little sediment cover. Smooth bedrock areas would be favoured over
rough areas with associated turbulence etc.

N/A ¢ Tidal development is not limited by coastal character and
development areas may be located near to coastlines of all types
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Fixed components

Components fixed to the
seabed, moored in position o
otherwise deemed to be
stationery

Moving components
Components with the builh
capacity for movement

Position of components:

9 Components on the
seabed

Componentsin the
water column and
relative position in
the water column

9 Components above
the surface

Buoyancy

Footprint

Mooring system/support structure (refer to Chapter 2 of this annex)
which could be:

Gravity/deadweight anchors and mooring lines
Gravity base structure

E NE N |

Monopile
I Rock anchors and mooring lines

Nacelle containing power conversion mechanism (nacelle may rotate with
tidal current direction)

9 Nacelle may contain a drive mechanism for alignment with
current direction which may add to noise generation potential

Marker buoys and other navigational aids

Turbine (~5-20m diameter; 1-2 sets of blades) rotating at a velocity
relative to the associated current (at EMEC typical current speeds vary
between 3.7m/s at springs and 1.44m/s at neaps) which would result in
blades rotating at approximately 5-15rpm (tip speed of ~3-10m/s).

Moorings and support structures only (refer to Chapter 2 of this annex)

Turbine (nacelle) ¢ mid to lower water column with blades extending
through the water column (likely to be more than 10m from the surface
and more than 5m from the seabed)

Gravity/deadweight anchors and moorings ¢ anchors on and immediately
above the seabed with moorings through the water column

Support structure ¢ up through whole water column and piercing surface
(e.g. monopile ¢ note that not all monopiles will pierce the surface), lower
water column only (e.g. gravity base), upper water column and above
surface (e.g. floating supports, pontoons etc)

Support structures (e.g. monopile, pontoon)

Device and support structures can be positively or negatively buoyant.

This is dependent on the type of moorings/support structure selected. A
gravity base will have a significantly smaller footprint that of a mooring
array using gravity/rock anchors.

Submerged installations will have limited/no surface footprint apart from
any navigational aids. Monopile installations may penetrate the surface
and floating structures/pontoons will have the greatest surface piercing
footprint.

Aquatera Ltd / Scottish Government / P324 / March 2012 / Rev 2.0 2



Potential development areas

Vessel requirements:

10MW development scenario

Number of machines

Array layout
1 Spacing

9 Footprint

Technology Examples

(These technologies are the
most advanced of this
particular type and most likel
to be deploying at a 10MW
scale in the coming 5 years)

Some indicative sizes:

T Monopile ~2m diameter
1 Gravity base ~100-500m?

f  Gravity anchor ~5x10x5m (250m> with a 50m? seabed footprint)
with associated moorings (between 50-300m on each anchor).

9 Floating horizontal axis turbines will typically use a three point
mooring system, which in the case of a 10MW array would mean
30 individual anchors and mooring lines.

All potential tidal development areas at suitable depths

Pre-works: Small site survey vessels

Installation/Decommissioning: May utilise; jack-up barge/dynamic
positioning (DP) construction ship for lifting/drilling, anchor handling DP
vessel for cable connection/anchor installation/removal, support vessels
e.g. Multicat, crew workboats, standby/guard boats.
Maintenance/operational support: support vessels e.g. Multicat, crew
workboats, standby/guard boats.

(This section provides an overview of the scale of a 10MW installatior
the particular technology type

~10

Likely to be staggered in 2 rows

Up to 10 times rotor diameter downstream (~50-200m) and 20-50m
lateral separation

Approximately 500m x 400m (200, 000m” = 0.2km?)
Tidal Stream

Hammerfest Strom . Norway
Turbine
Marine Current
. Seagen, Seaflow UK
Turbines
Open-Centre
Open Hydro P . Ireland
Turbine
Scotrenewables
Scotrenewables ) ) UK
Tidal Turbine
Tidal Generation
L Deep-gen UK
Limited
Verdant Power Various USA
Atlantis Resources .
. AK1000 UK / Singapore
Corporation
Voith Hydro HyTide Germany
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Vertical axis turbines

General Description

Suitable environmental
conditions

1 Water depth

 Resource

9 Seabed type

I Coastal character

Fixed components
Components fixed to the
seabed, moored in position
or otherwise deemed to be
stationery

Moving components
Components vt the built

Vertical axis turbines (VAT) extract energy from moving water in a similar
fashion to horizontal axis turbines (HAT); however, the turbine is mounted
on a vertical axis. The tidal stream causes the rotors to rotate around the
vertical axis and generate power. Since the rotation is around the vertical
axis there is no need for a yaw mechanism to direct the turbine into the
tidal stream.

Functional mode - blades rotating from 1m/s to peak springs at varying
rotational speeds (currently unknown).

Power conversion method - gearbox to electrical
Shutdown mode - blades may be fixed or rotating freely

Typical power output ¢ IMW

(To help identify the types of areas suitable for deployment and to asse
geographical overlap with potentially vulnerable species)

5-80m (note VATs may be used to extract energy from shallower waters
than HATSs)

<1m/s current speed with as little wave exposure as possible, linear flow
ideal but uncommon

N/A - Tidal development is not limited by seabed type but development
areas are likely to be tidal swept bedrock (or other hard substrate) with
no/little sediment cover. Smooth bedrock areas would be favoured over
rough areas with associated turbulence etc.

N/A ¢ Tidal development is not limited by coastal character and
development areas may be located near to coastlines of all types

Mooring system/support structure which could be:
1 Gravity/deadweight anchors and mooring lines
I Gravity base structure
Rock anchors and mooring lines

Nacelle containing power conversion mechanism will be housed in the
foundation or in the support structure i.e. pontoon

Marker buoys and other navigational aids

Turbine (~5-20m vertical blade length) rotating at a velocity relative to the
associated current (at EMEC typical current speeds vary between 3.7m/s at
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in capacity for movement

Position of components:

Components on the
seabed
Componentsin the
water column and
relative position in
the water column
T Components above
the surface
Buoyancy
Footprint

Potential development

areas

Vessel requirements:

10MW development

scenario:
f Number of
machines

i Array layout

springs and 1.44m/s at neaps) which would result in blades rotating at
approximately 5-15rpm. Horizontal diameter uncertain but likely to be in
the region of 5-15m.

Moorings and support structures only (refer to Chapter 2 of this annex)

Turbine ¢ suspended from the surface or supported from the seabed.
Could range from presence in surface layer, boundary layer, mid water or
whole column

Gravity/deadweight anchors and moorings ¢ anchors on and immediately
above the seabed with moorings through the water column

Support structure ¢ lower water column only (e.g. gravity base), upper
water column and above surface (e.g. floating supports, pontoons etc)

Support structures (e.g. pontoon)

Device and support structures can be positively or negatively buoyant.

This is dependent on the type of moorings/support structure selected. A
gravity base will have a significantly smaller footprint that of a mooring
array using gravity/rock anchors.

Submerged installations will have limited/no surface footprint apart from
any navigational aids. Floating structures/pontoons will have the greatest
surface piercing footprint.

Some indicative sizes:

Gravity base ~100-500m*

Gravity anchor ~5x10x5m (250m3 with a 50m’ seabed footprint) with
associated moorings (between 50-300m on each anchor).

Floating vertical axis turbines will typically use a three point mooring
system, which in the case of a 10MW array would up to 60 individual
anchors and mooring lines.

All potential tidal development areas including shallow (>5m) waters.

Pre-works: Small site survey vessels

Installation/Decommissioning: May utilise; jack-up barge/dynamic
positioning (DP) construction ship for lifting/drilling, anchor handling DP
vessel for cable connection/anchor installation/removal, support vessels
e.g. Multicat, crew workboats, standby/guard boats.
Maintenance/operational support: support vessels e.g. Multicat, crew
workboats, standby/guard boats.

~10-20

Likely to be staggered in 2-3 rows
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9 Spacing To be determined
1 Footprint To be determined

Neptune Renewable

Energy Ltd Proteus UK

Technology Examples
EnCurrent Vertical

N E C .
ew Energy Lrop Axis Hydro Turbine

Canada
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Reciprocating Hydrofoils

General Description

Suitable environmental

conditions
T Water depth
i Resource
9 Seabed type
I Coastal character

Fixed components
Components fixed tde

seabed, moored in position ¢

otherwise deemed to be
stationery

Moving components
Components with the builh
capacity for movement

Position of components:

1

Components on the
seabed

Components in the
water column and
relative position in
the water column

Reciprocating Hydrofoils have a hydrofoil attached to an oscillating arm.
The motion is caused by the tidal current flowing either side of the
hydrofoil, which results in lift. This motion can then drive fluid in a
hydraulic system to be converted into electricity.

Functional mode - blades oscillating from 1m/s to peak springs
Shutdown mode ¢ hydrofoils may be locked or stalled

Gear box ¢ electrical

To help identify the types of areas suitable for deployment and to asse
geographical overlap with potentially vulnerable species

5-80m

<1m/s current speed with as little wave exposure as possible, linear flow
ideal but uncommon

N/A - Tidal development is not limited by seabed type but development
areas are likely to be tidal swept bedrock (or other hard substrate) with
no/little sediment cover. Areas of smooth bedrock/substrate preferred
over rough areas.

N/A ¢ Tidal development is not limited by coastal character and
development areas may be located near to coastlines of all types

Mooring system/support structure (refer to Chapter 2 of this annex) which
could be:

1 Gravity/deadweight anchors and mooring lines
I Gravity base structure
T Monopile

I Rock anchors and mooring lines

PTO and generating equipment housed in support structure
Marker buoys and other navigational aids

Horizontal hydrofoils (~5-30m) oscillating at a velocity relative to the
associated current (at EMEC typical current speeds vary between 3.7m/s
at springs and 1.44m/s at neaps). Hydrofoils will oscillate at a rate lower
than the water passing over the device.

Moorings and support structures only (refer to Chapter 2 of this annex)

Hydrofoils ¢ upper/mid/lower water column

Moorings ¢ on and immediately above the seabed

Aquatera Ltd / Scottish Government / P324 / March 2012 / Rev 2.0 7



Components above
the surface

Buoyancy

Footprint

Potential development areas

Vessel requirements:

10MW development scenario
Number of machines
Array layout

Spacing

=A =2 =2 =

Footprint

Technology Examples

Support structure ¢ up through water column (e.g. monopile), lower water
column only (e.g. gravity base), upper water column and above surface
(e.g. floating supports)

Support structures (e.g. pontoon)

Likely to be negatively buoyant

This is dependent on the type of moorings/support structure selected. A
gravity base will have a significantly smaller footprint that of a mooring
array using gravity/rock anchors.

Submerged installations will have limited/no surface footprint apart from
any navigational aids. Monopile installations may penetrate the surface
and floating structures/pontoons will have the greatest surface piercing
footprint.

Some indicative sizes:
' Monopile ~2m diameter
1 Gravity base ~100-500m’
§  Gravity anchor ~5x10x5m (250m? with a 50m? seabed footprint)
with associated moorings (between 50-300m on each anchor).
Typically these installations will use 3 anchors)

All potential tidal development areas including shallower and relatively
slow sites

Pre-works: Small site survey vessels

Installation/Decommissioning: May utilise; jack-up barge/dynamic
positioning (DP) construction ship for lifting/drilling, anchor handling DP
vessel for cable connection/anchor installation/removal, support vessels
e.g. Multicat, crew workboats, standby/guard boats.

Maintenance/operational support: support vessels e.g. Multicat, crew
workboats, standby/guard boats.

~10

Likely to be staggered in 2-3 rows or in tidal fence single row arrangement
Array spacing still to be determined.

Array spacing still to be determined.

BioPower Systems Pty

Ltd bioStream Australia
Pulse Generation Pulse Generators UK

Engi :
The Engineering Stingray UK

Business
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Oscillating Water Column (Offshore)

The oscillating water column is a partially submerged, hollow structure,
which is open to the sea below the water surface so that it contains air
trapped above a column of water. Waves cause the column to rise and
fall which compresses and decompresses the trapped air. Energy is
extracted from the oscillating air flow using an air turbine (which is out
of the water).

D .
General Description Up to 500 tonnes approx.

Size likely to be in the order of 30m x 15m.
Functional mode: Wave height above 0.5m with blades rotating

Shutdown Mode: Bidirectional blades fixed

e Artwn
orh o= /,
puthed /:1 v "‘\'; A
Srouoh Trough ~.
'\J.n)'n {[} furone \ﬁ
L4

Suitable environmental
conditions

I Water depth >20m

Areas with a wave climate in excess of 15kw/m particularly those with

Resource . .
T unidirectional waves

Not applicable - site selection is not dependent on seabed type and
| Seabed type 2TFakK2NB h2/Qa YIFIé& 06S RSLX 2&S8R
likely to be coarse sediment/rock in suitable areas.

Not applicable ¢ coastal character is not a criterion for site selection. A
1 Coastal character wide range of relatively high energy coastal environments may be
adjacent to appropriate sites.

Mooring system/support structure (refer to Chapter 2 of this annex)
which could consist of:

Fixed components 9 gravity/deadweight anchors with mooring lines
! embedment anchors

Enclosed chamber beneath air turbine and open air chamber above the
turbine.

Aquatera Ltd / Scottish Government / P324 / March 2012 / Rev 2.0 9




Moving components

Position of components

9 Components on the
seabed
Componentsin the
water column and
relative position on the
seabed
 Components above the
surface
Buoyancy
Footprint

Potential developments areas

Vessel requirements:

10MW development scenario

)l
)l
)l

Number of machines
Array layout
Spacing

Footprint

Technology Examples

Generation equipment etc. housed above the surface in/on floating
component

Marker buoys and other navigational aids

Moving air turbine enclosed within structure (above water surface) with
exposed blades rotating at high velocity which can run continuously.
Depending on device fixing, flexible moorings may give slight movement
of the surface structure.

Anchors only

Floating chamber on the surface with relatively shallow draft

Main structure and equipment housing (including turbine)

Overall structure positively buoyant but individual components likely to
be negatively buoyant

Footprint determined by anchor type, spread and depth (moorings
typically three times water depth). Likely to be a four point mooring
system, which in the case of a 10MW array would mean 8 individual
anchors and mooring lines.

All offshore wave energy sites.

Pre-works: Small site survey vessels

Installation/Decommissioning: Anchor Handling vessel/Multicat for
anchor installation and towage tug vessel/Multicat for device installation
Maintenance/operational support: support vessels e.g. Multicat

1-2 structures containing multiple turbines
Adjacent
Sufficient room for workboat access

Surface footprint ~30m x 10m (300m?)
Seabed footprint - largely dependent on depth but in the region of at
1800m? at 40m depth (using 2 machines).

Ocean Energy Ltd Ocean Energy Buoy Ireland

Oceanlinx (formerly Denniss-Auld .
. Australia

Energetech) Turbine

Embley Energy Sperboy UK
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Oscillating Water Column (Shoreline)

The oscillating water column is a partially submerged, hollow structure,
which is open to the sea below the water surface so that it contains air
trapped above a column of water. Waves cause the column to rise and
fall which compresses and decompresses the trapped air. Energy is
extracted from the oscillating air flow using an air turbine (onshore ¢
removed from water).

Functional mode: Static (marine/exposed components)
Shutdown Mode: Static (marine/exposed components)

May be build in conjunction with other developments i.e. ports etc

Reinforced concrete The Wells turbines rotate in the same
General Description capture chamber set into direction regardless of the direction of the air
the excavated rock face. flow, thus generating irrespective of upward
or downward movement of the water column.

Air is compressed and decompressed by
the Oscillating Water Column (OWC).
This causes air to be forced out and then
sucked back through the Wells turbine.

Suitable environmental
conditions

‘ 1 Water depth Greater than 10m at the coastline i.e. sites with rapid drop-off

‘ f Resource >15kw/m at the coastline

Artificial breakwaters may be in sediment areas but shoreline

T Seabed type installations likely to be on exposed rocky shores.

Shoreline directly adjacent to deep water with good fetch. Likely to be

T Coastal character an exposed rocky/sandy shoreline.

| Fixed components Enclosed chamber beneath air turbine and open air chamber above the
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Moving components

Position of components

Components on the
seabed
'  Componentsin the
water column and
relative position in the
water column
Components above
the surface
Buoyancy
Footprint

Potential development areas

Vessel requirement

10MW development scenario

T

T
il
il

Number of machines
Array layout

Spacing

Footprint

Technology Examples

turbine. Chambers may be installed directly into the shoreline or on
artificial structures i.e. breakwaters.

Moving air turbine with exposed blades rotating at high velocity which
can run continuously (this component is enclosed, onshore or on
breakwater structure).

Foundations/breakwater

Compression chamber ¢ solid external face with chamber entrance
constantly open for free water movement in and out

Air chamber, turbine and generation etc equipment housing

Not applicable ¢ fixed structures (to shoreline or seabed in case of
breakwaters)

Dependent on local topography and sublittoral profile
All exposed coasts with sufficient water depth near the shore

Installation requires minimal marine works. Most construction will occur
onshore. Breakwater installation may require extensive marine works as
for standard harbour extension works.

1 installation with numerous air turbines.
Single installation along a coastline/breakwater
Not applicable

~100m long and up to 10m wide

Instituto Superior Tecnico Pico OWC Portugal
Wavegen (Siemens) Limpet UK
SeWave Ltd owc Faroe
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Overtopping Device (Offshore)

General Description

Suitable environmental

conditions
i Water depth
I Resource
9 Seabed type
I Coastal character

Fixed components

Moving components

Position of components

1

Components on the
seabed

Components in the
water column and
relative position in the
water column

This consists of a ramp over which the waves wash, collecting the
water in a reservoir at a height slightly above the surrounding ocean.
This head of water is released back to the sea through low-head
turbines installed at the bottom of the reservoir. An overtopping
device may use collectors to concentrate the wave energy.

Functional mode: Wave height above 0.5m with blades rotating

Shutdown Mode: Bidirectional blades fixed

overtopping
reservoir

A ] lf\\;

turbine Youtlet

>20m
>15kw/m
Likely to be coarse sediment or bedrock

Not applicable ¢ variety of sites appropriate for extraction of energy
therefore, adjacent/nearby coastlines could vary greatly.

Floating structure with large catchment area, equipment housing and
basin structure moored to the seabed using:

9 gravity/deadweight anchors
! embedment anchors

Moving water turbines below the surface with exposed blades rotating
at moderate velocity which can run continuously. Depending on
device fixing, flexible moorings may allow slight movement of the
surface structure.

Anchors only

Moorings ¢ on and immediately above the seabed
Device ¢ on and immediately below the surface (shallow draft and low
profile above surface)
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9 Components above the
surface

Buoyancy
Footprint

Potential development areas
Vessel requirements:

10MW array scenario
Number of machines

Array layout

1
1
9 Spacing

9 Footprint

Technology Examples

Main structural component and equipment housing

Positively buoyant

Footprint determined by anchor type, spread and depth (moorings
typically three times water depth). Likely to be at least a four point
mooring system, which in the case of a 10MW array would mean 8
individual anchors and mooring lines.

All wave energy sites of appropriate depth

Pre-works: Small site survey vessels

Installation/Decommissioning: Anchor Handling vessel/Multicat for
anchor installation and towage tug vessel/Multicat for device
installation

Maintenance/operational support: support vessels e.g. Multicat

Approximately 2 x 5MW machines
Adjacent

Determined by moorings spread and adequate working room for
support vessels

See above
Wales /
W D W D
ave Dragon ave Dragon Denmark
WavePlane Production Wave Plane Denmark

Aquatera Ltd / Scottish Government / P324 / March 2012 / Rev 2.0
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Overtopping Device (Shoreline)

General Description

Suitable environmental
conditions

i Water depth

 Resource

9 Seabed type

I Coastal character

Fixed components

Moving components

Position of components

Components on the
seabed

T  Componentsin the
water column and
relative position in the
water column

I Components above the
surface

Buoyancy
Footprint

Potential development areas

Vessel requirement

This consists of a ramp over which the waves wash, collecting the
water in a reservoir at a height slightly above the surrounding ocean.
This head of water is released back to the sea through low-head
turbines installed at the bottom of the reservoir. An overtopping
device may use collectors to concentrate the wave energy.

Functional mode: Wave height above 0.5m with blades rotating

Shutdown Mode: Bidirectional blades fixed

Greater than 10m at the coastline i.e. sites with rapid drop-off
>15kw/m at the coastline

Artificial breakwaters may be in sediment areas but shoreline
installations likely to be on exposed rocky shores.

Shoreline directly adjacent to deep water with good fetch. Likely to be
an exposed rocky/sandy shoreline.

Enclosed chamber beneath air turbine and open air chamber above
the turbine. Chambers may be installed directly into the shoreline or
on artificial structures i.e. breakwaters.

Moving air turbine with exposed blades rotating at high velocity which
can run continuously (this component is enclosed, onshore or on
breakwater structure).

Foundations/breakwater

Catchment trays with draining system and low-head water turbines

Structural frame and equipment housing

Not applicable ¢ fixed structures (to shoreline or seabed in case of
breakwaters)

Dependent on local topography and sublittoral profile
All exposed coasts with sufficient water depth near the shore

Installation requires minimal marine works. Most construction will
occur onshore. Breakwater installation may require extensive marine
works as for standard harbour extension works.
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10MW development scenario
f  Number of machines
9 Arraylayout
1 Spacing
9 Footprint

Technology Examples

1 installation with numerous water turbines.
Single installation along a coastline/breakwater
Not applicable

~100m long and up to 10m wide

Seawave Slot-Cone

Wave Energy Generator Norway
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Attenuator

Patent Pending

General Description

Attenuator type wave energy devices are structures made up of two or
more floating parts. They have their principle axis parallel to the
direction of the incoming wave and extract energy due to the relative
motion of different parts of the substructure as the wave passes along
its length.

Typically large elongated structures
Functional mode: Wave height above 0.5m main parts moving

Shutdown Mode: Device movement fixed or dampened.

Suitable environmental
conditions

‘ T Water depth

>50m

Resource

These technologies are highly tuned to the wave regimes into which
they are installed. Likely to be high energy offshore sites.

Sedimentary sediments preferred for anchoring

1
‘ 9 Seabed type
I Coastal character

Not applicable

Fixed components

Mooring system (refer to Chapter 2 of this annex) which could be:

Embedment anchors and mooring lines
9 Gravity/deadweight anchors and mooring lines
9 Rock anchors and mooring lines (possible but unlikely)

Marker buoys and other navigational aids

Moving components

Articulated structures with moving joints and power generating
pistons. WEC (approximately 150-200m long) floating on the surface
with relatively shallow draft and low profile

| Position of components

seabed

Components on the

Anchors and moorings only:

Embedment anchors
9 Gravity/deadweight anchors
T Rock anchors and mooring lines (possible but unlikely)

Componentsin the
water column and

water column

relative position in the

WEC (floating on the surface with shallow draft)

Up to 10% of vertical water depth occupied by the WEC at top of the
water column

Anchors and moorings (anchors on/in the seabed, moorings through
the water column to the surface connection point)

surface

I Components above the

WEC (relatively low profile)
Marker buoys and additional navigational aids

‘ Buoyancy

Positively buoyant
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Footprint

10MW array scenario

1
1
T
T

Number of machines

Array layout
Spacing

Footprint

Vessel requirements:

Technology Examples

Indicative surface footprint ¢ 180m x 5m
Indicative seabed footprint ¢ 3 moorings of 150m with 3 anchors
(typically 5m wide)

Attenuators will typically use a three point mooring system, which in
the case of a 10MW array would mean up to 45 individual anchors and
mooring lines.

~10-15
Staggered in 1 -2 rows

To avoid resource disturbance between machines ¢ typically 30 per
km?

Approximately 0.5km?(500,000m?)

Pre-works: Small site survey vessels

Installation/Decommissioning: Anchor Handling vessel/Multicat for
anchor installation and towage tug vessel/Multicat for device

installation

Maintenance/operational support: support vessels e.g. Multicat

C-Wave C-wave UK
Green Ocean Energy Ocean Treader WEC UK
Ltd

Pelamis Wave Power Pelamis UK
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General Description

This near-surface device extracts the energy caused by wave surges
and the movement of water particles within them. The paddle is
mounted on a fixed base either on the seabed or above the water line,
with its principle axis perpendicular to the direction of the incoming
wave. The arm oscillates with the passing waves.

Functional mode: Flap oscillates at most wave heights

Shutdown Mode: Device movement fixed or dampened.

Suitable environmental
conditions

‘ 1 Water depth

10-30m

Resource

Offshore resource greater than 15kw/m but mechanism works on the
basis of lateral movements in seabed influenced waves

Likely to be areas of bedrock or coarse sand

1
‘ 9 Seabed type
1

Coastal character

Likely to be moderately ¢ highly exposed coastlines with good coastal
access

Fixed components

Seabed fixing mechanism/support structure
Gravity base with rock anchors/pins

. al Ay a0NHzOGdzZNBk é Tt LX¥ Y2@0Ay3
Moving components
the surface
| Position of components |
1 Components on the Support structure on/in the seabed
seabed Possible pipelines to shore when pumping water
T Components in the haOAtEFGAyYI GFEFLE
water column and
relative position in the Pistons and ioints
water column J
T Componentsabovethe | o 55 ¢ ¢ Gay3 aF€F LE (AL
surface
‘ Buoyancy ‘ Flap may be buoyant but pinned to the seabed
| Footprint ' Similar to dimensions of the device

‘ 10MW array scenario

|

Number of machines

| ~10

‘ In a single row along the coastline

|
‘ 9 Arraylayout
‘ 9 Spacing

‘ Adjacent machines with working room

9 Footprint

10m x 15m per machine = 240m x 10m (based on 10m spacing) =
2400m’

‘ Vessel requirements:

‘ Pre-works: Small site survey vessels
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Installation/Decommissioning: Jack-up barge and support vessels

Maintenance/operational support: Support vessels e.g. Multicat

Aquamarine Power Oyster UK
AW Energy Waveroller Finland
BioP t Pt

Technology Examples Ltlg ower Systems Pty bioWave Australia
Langlee Wave Power Langlee System Norway
SDE S.D.E Israel
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Point Absorber

General Description

This is a floating structure which absorbs energy in all directions
through its movements at or near the water surface. The movement
of the waves causes the floating part to move relative to a fixed
structure. It has small dimensions compared to the typical
wavelength, tending to have diameters of a few meters and has the
capacity to absorb energy from the sea area larger than the device
dimensions. This type of device is typically axisymmetric.

Movement of floating structure in line with period of associated waves
(at EMEC the average frequency is just under six seconds).The power
take off unit may be on the seabed fixing, if so the connection line to
the surface may also move.

Suitable environmental
conditions

T Water depth

>50m

Resource

These technologies are highly tuned to the wave regimes into which
they are installed. Likely to be high energy offshore sites.

Sedimentary seabed types are preferred for anchoring

1
I Seabed type
1

Coastal character

Not applicable

Fixed components

Spar component held vertically in position for minimum movement by
the mooring spread.

Mooring system (refer to Chapter 2 of this annex) which could be:

Embedment anchors and mooring lines
9 Gravity/deadweight anchors and mooring lines
9 Rock anchors and mooring lines (possible but unlikely)

Marker buoys and other navigational aids

‘ Moving components

Float moves at surface up and down spar relative to wave motion

| Position of components

Components on the
seabed

Anchors and moorings only:

 Embedment anchors
9 Gravity/deadweight anchors
T Rock anchors and mooring lines (possible but unlikely)

1 Componentsin the
water column and

relative position in the

water column

Spar component with draft of approximately 20-30m

Float on the surface with shallow draft

Anchors and moorings (anchors on/in the seabed, moorings through
the water column to the surface connection point)

1 Components above the

surface

Spar and float with equipment housing (5-10m high)
Marker buoys and additional navigational aids
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Buoyancy

Footprint

10MW array scenario

T
T
1
1

Number of machines

Array layout
Spacing

Footprint

Vessel requirements:

Technology Examples

Positively buoyant

Indicative surface footprint ¢ 30m diameter (indicative for IMW
machine)

Indicative seabed footprint ¢ 3 moorings of 150m with 3 anchors
(typically 5m wide)

Point absorbers will typically use a three point mooring system, which
in the case of a 10MW array would mean up to 30 individual anchors
and mooring lines.

~10
1row

To avoid resource disturbance between machines ¢ typically 30 per
km?

Approximately 0.5km?(500,000m?)

Pre-works: Small site survey vessels

Installation/Decommissioning: Anchor Handling vessel/Multicat for
anchor installation and towage tug vessel/Multicat for device
installation

Maintenance/operational support: support vessels e.g. Multicat

Ocean Power

Technologies Power Buoy UK / USA

Renewable Energy

Holdings CETO AUS / UK

Linear generator

Seabased AB . Sweden
(Islandsberg project)

Wave Star Energy ApS Wave Star Denmark

WaveBob Limited Wave Bob Ireland
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Submerged Pressure Differential

This is a submerged device typically located offshore and fixed to the
seabed. The motion of the waves causes the sea level to rise and fall
above the device, inducing a pressure differential in the device. The
alternating pressure can then pump fluid through a system to generate
electricity. When properly designed for the sea state, this category
. also has significant point absorbing characteristics, (i.e. capacity to
General Description & P & (. ‘p y
absorb energy from the sea area larger than the device dimensions).
Functional mode: Wave height above 0.5m has main point absorber
reacting to the waves

Shutdown Mode: Point absorber movement fixed

Suitable environmental

conditions
i Water depth >50m
I Resource Sites greater than 15kw/m
9 Seabed type Sites likely to be coarse sediment and bedrock
1 Coastal character Not applicable

Underwater static column
Seabed fixing system/support structure
Fixed components
9 Gravity base with rock anchors/pins
Marker buoys and other navigational aids
Moving components Oscillating subsurface float around static column
Position of components

Seabed fixing system/support structure
Components on the &5y /supp

seabed 9 Gravity base with rock anchors/pins

Underwater static column
Oscillating subsurface float around static column
Seabed fixing system/support structure

Componentsin the
water column and
relative position in the

water column . . .
9 Gravity base with rock anchors/pins

1 Components above the

No WEC components
surface T

Marker buoys and additional navigational aids (where
necessary)

Subsurface float positively buoyant and remaining components

Buoyancy negatively buoyant
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Footprint

10MW array scenario
Number of machines
9 Arraylayout
9 Spacing
I Footprint

Vessel requirements:

Technology Examples

~10

No information available
No information available
No information available

Pre-works: Small site survey vessels

Installation/Decommissioning: Anchor Handling vessel/Multicat for
anchor installation and towage tug vessel/Multicat for device
installation

Maintenance/operational support: support vessels e.g. Multicat

Australia /

Carnegie Wave Energy Limited CETO Ireland
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2 Moorings and support structures
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the deployment of marine renewable energy devices and support structures, it is assumed that all
anchoring will be categorised as permanent anchors which will require installation and servicing by
specialist vessels.

There are essentially four classifications of anchor types which can be employed for marine renewable
energy applications:

Deadweight/Gravity
Embedment

Pile

Rock bolts

= =4 =4 =4

Selection of a particular type of anchor will involve consideration of a number of factors including water
depth, seabed and subsurface geology, seabed conditions (such as character and gradient) and costs. The
latter is an important consideration in the overall costs of the delivered power from marine renewable
devices ¢ mooring selection will often be a trade-off between mooring capacity and mooring cost.
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Deadweight Anchor

A deadweight anchor (also known as gravity anchors or clump weights) relies on its submerged mass and
friction to hold position and restrain the structure being moored.

Characterisation /
Mode of Operation

Suitable benthic /
geological conditions

Relative Scale

Extent of penetration
into seabed

Installation / vessels
involved

Applications

Decommissioning

A deadweight anchor offers a guaranteed minimum restraining force on any type
of seabed, including rocky, shingle or gravel where hooking types are ineffective.
Various materials of different submerged mass and density are used (concrete,
steel block, steel chain) with concrete most common. For holding capacity, the
submerged mass and coefficient of friction are critical. In suitable conditions
deadweight anchors gain added holding power by the additional suction forces
created by the anchor settling into the seabed material and becoming part buried.

Suitable for all seabed types however the friction with a rocky seabed will be
much less than that acquired in a deeply sedimented seabed.

The main disadvantage is the low reaction force to weight ratio which means in
securing any sizeable buoyant structure that the scale of anchor is extremely
large.

In shallow water the anchor itself can be exposed to considerable loading which
can lead to a greater required mass to provide the necessary holding power

Their large size and cumbersome nature require specialist lift vessels with lift
capacity and sizeable deck space. A modular installation is possible in some
circumstances ¢ allowing for smaller lifts.

For deep water applications (such as found in the oil industry) both slack and taut
mooring configurations with deadweight anchors are used.

The use of deadweight anchors for any sizeable marine energy converters in
shallow and intermediate waters may be viewed as a last resort due to their
handling requirements.

In appropriate conditions ¢ dense sandy soils ¢ suction anchors and embedment
types will be alternatives to very large deadweight anchors. In such conditions
both options offer relatively easy embedment and the advantage of a much
higher reaction force to weight ratio.

Retrieval by heavy lift vessel.
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Drag EmbedmenAnchor

A drag embedment anchor is an anchor which is pulled into seabed sediments to suitable depths. Its

weight and shape will determine the holding capacity in a given sediment material.

Characterisation /
Mode of Operation

Suitable benthic /
geological conditions

Installation / vessels
involved

Relative Scale

Extent of penetration
into seabed

Applications

Drag embedment anchors are intended to operate by resisting horizontal
loadings only. Its holding power (the ratio of horizontal breakout force to
anchor weight) is a measure of its ability to resist breakout from its installed
position. Substantial loading at a steep mooring line angle will tend to weaken
the anchors holding power and breakout could occur.

With suitable sediment conditions the modern drag embedment anchors can
resist horizontal loadings as great as 50 to 100 times the anchors weight.

Embedment drag anchors are suitable for all types of soil conditions ¢ from soft
clays to dense soils and cemented soils. Sand and hard clays provide higher
holding capacities than soft clays. Rocky substrates or substrates where rock
exists at a shallow depth below sediment cover are not suitable.

Installation of the embedment anchor involves a dragging-in operation, typically
by anchor handling tug.

Using an anchor with a larger surface area (and therefore generally a greater
weight) generates higher holding capacity. Capacities of up to 1500 tonnes are
possible.

Anchors can be embedded to depths of around 5-6 metres in sand or as much as
20 metres in very soft clay.

As these anchors are designed to withstand horizontal loads the mooring string
footprint can involve considerable seabed areas. For an array of marine energy
converters this feature of the mooring spread can substantially reduce the
number of devices installed in any given area.

The installation method also means the accuracy of placement is limited.

Can be used in catenary and semi-taut mooring systems in shallow to deep
waters.

Drag embedment anchors are the commonest solution for most anchoring
applications in intermediate and shallow waters where seabed sediment
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Other Information

Decommissioning

conditions allow penetration to appropriate working depths. They are widely
used in the oil and gas industry for mooring semi-submersibles, SPM buoys and
floating production systems.

The seabed area taken up by an individual device with a spread of such anchors
will be considerable and therefore for an array of devices this factor may require
that alternative solutions are investigated. The array must also allow for
sufficient working space for vessels to manoeuvre for installation, maintenance
and removal operations.

Typically the mooring string will consist of an initial chain section attached to the
anchor. The chain can also add to the breakout resistance if it is partially
embedded. Substantial loading at a steep chain angle will tend to weaken the
anchors holding power and breakout could occur.

Removal would be a suitable anchor handling tug applying a vertical load.
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Pile Technologies

Piles are long, slender, generally tubular members which offer a variety of installation techniques suitable
for most types of seabed conditions and the majority of mooring requirements. They have been widely
used in the oil and gas industry and in coastal engineering applications where they effectively pin structures
to the seabed. In such roles they have been installed in single or group applications and either fully or
partially embedded. Piles have been installed in water depths up to 500 metres.

There are essentially four techniques used in the installation of piles ¢ the method lending the name to the
various pile types ¢ namely:

percussion/driven pile
vibro-pile
suction piles

= =4 =4 =

drill and grouted pile

The first three types rely on the pile transmitting the loadings to the subsoil ¢ the choice of the pile type
and its design will require a consideration of factors including the loadings which might be applied, the
sediment type and sediment depth. An important consideration of a monopile foundation will be
consideration of the cyclic stress loading of the near surface soils and also the loss of soil material from
around the pile, both of which will reduce the holding strength. Drilled and grouted piles will be less
susceptible to such effects.
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Percussion / Driven Pile
The most common pile type use in offshore engineering is the open-ended driven (percussion) steel tube
pile which is driven into penetrable soils by a hammering operation.

When installed the percussion pile provides a similar mode of operation to the
suction pile in that it is essentially deriving its holding power from the skin
frictional effects between the pile and the surrounding soil. Due to the fact
that this type of pile is driven into generally harder, less compressible soils the
holding power of this type of pile is from a combination of both end bearing
and skin friction. The pile will tend to have a uniform wall thickness with the
possible exception of the upper portion which may have to withstand the
larger bending moments associated with horizontal loadings as they are
transferred to the surrounding soil.

Characterisation / Mode
of Operation

The driven pile is suitable for harder soils and is driven in to penetrable soils by

Suitable benthic / a hammering operation.

geological conditions Application in harder / rocky substrates typical of tidal and many wave

resource areas is very limited.

The most common methods of installing driven piles are by using either a drop
hammer or diesel hammer. Variations of the drop hammer use either
compressed air or hydraulics which raises a dropping weight in a guide to a
suitable height before releasing it to drop onto the pile. The diesel hammer
uses controlled explosions to raise a ram which although of lower weight than
the drop hammer has an increased hammering frequency. This latter type of

Installation / vessels hammer is used in driving piles in non-cohesive granular soils where the

involved greater part of the resistance is from the relatively impenetrable material
which is encountered by the toe of the pile. This pile could therefore be used
where a harder less compressible layer underlies softer compressible topsoil.
In exposed waters large jack-up barges can provide long-term stable platforms
for pile driving operations, but entail significant cost. The options for coastal
waters in depths of 30 metres and less are smaller jack-up barges which
become much more affordable.

End bearing capacity would be important if the specific function of the pile was
to support a downwards vertical (compression) structural loading but less
critical to a typical mooring application for a marine energy converter, which
will be required to resist mainly horizontal (tension) loadings.

Applications

Piles would most likely be left in place. Significant protrusion of pile from

Decommissionin . . .
& seabed may require cutting at mud-line.
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Drill and Grouted Pile

A pile providing a strong anchor point in a rock formation by drilling and grouting.

Characterisation / Mode . . .

of Operation These types of anchor provide extremely high holding power.
Suitable benthic / A drilled and grouted pile can be employed where the seabed is composed of
geological conditions bedrock but may also be used where there are suitably hard and firm soils.

In coastal waters installation would make use of a jack-up drilling barge. There
are two main techniques which may be used. The first involves a two stage
process C drilling an oversized hole to the required penetration depth,
followed by insertion of the pile and grouting in the annulus between the pile
and the soil to secure the pile and provide a strong anchor point.

A second technique also involves a two stage operation involving the initial
placing of an open-ended primary casing pile which is driven into the seabed
sediments to an intermediate depth. The second stage involves the drilling of
the main pile annulus for the insert pile to a depth greater than the primary
pile tip. When completed, grouting takes place in the annulus between the
insert pile and surrounding soil and the primary pile.

Installation / vessels
involved

Decommissioning Cutting at the mud-line.
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Suction Pile

A suction pile (also referred to as suction caissons) is a hollow open-ended pile which achieves its holding
capacity by its deadweight and the reduction of pressure within the column creating a downward
differential pressure.

Suction Pile Cluster being installed from a Shearleg crane barge

An installed pile provides a pull-out resistance which is a function of the
friction between the pile skin and the surrounding soil combined with the piles
mass and that of the soil held within the pile. Suction plays no further role
beyond the installation phase as the suction pressure will be relieved with
time.

Characterisation / Mode
of Operation

Installation requires suitable sediments to allow the penetration of the pile to
sufficient depths and a cohesion effect as the suction process continues C
generally classed as soft to medium hard soils. Clays and muds are therefore
easy to penetrate but provide poor holding capacity while sand is difficult to
penetrate but provides good holding capacity. Gravel sediments are
unsuitable due to their open nature which will mean that as water is
evacuated it will tend to flow through the ground and give poor cohesion.

Suitable benthic /
geological conditions

In clay soils a typical penetration will be to 4 or 5 diameters and therefore the
pile is of slender shape, while in sand soils due to their stiffness the

f SYFUKKRAFYSGSNI N GA2Yy A& F NRdzyR
Installation is in two stages  firstly the piles own submerged weight allows it
to penetrate the seabed and provide a seal for the subsequent pumping out of
entrapped water. Pumping out the water from the tubular creates a pressure

Extent of penetration
into seabed

Installation / vessels

involved . . . . . .
difference between the inside and outside of the pile which provides the
suction force top pull the pile into the sediment.
— Widely used in offshore engineering sector to secure floating platforms and as
Applications . .
mountings for various subsea structures.
Decommissioning Recovery is the reverse of the installation process

The suction pile offers the advantage over other forms of sediment anchors
(drag-in types such as the drag embedment or drag-in plate anchor) in that it
can be more precisely located. This could be important when planning the
seabed layout and mooring spread of an array of multiple devices.

Other Information
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RockBolts

Characterisation / Mode
of Operation

Suitable benthic /
geological conditions

Installation / vessels
involved

Applications

f!lll!lllllll i

Grout / Resin

Rock Bolt

<4+—— Rock Mass

T

The holding power of the anchor is essentially the interaction between the
reinforcing elements (bolt and resin) with the surrounding rock.

The possibility of employing rock bolt anchors will be dictated by the lithology
of a particular location. The key to rock-bolting as a method of anchoring is in
determining the strength of the rock into which the anchor is to be placed.
Once the rock mass strength is known the size of bolt required can be
assessed. A rock mass of a weak strength will require a bolt of greater
diameter to accommodate the expected applied load, plus an adequate safety
factor.

The rock bolt itself incorporates a sacrificial drill bit which cuts through the
rock to the required depth. Once drilling is complete a resin grout is injected
into the annulus between the bolt and rock. The grout has the function to
provide the mechanism for load transfer between the rock bolt and rock mass.
The resin sets in the cavity, anchoring the rock bolt.

Rock bolting is a relatively new concept for the marine environment but it has
been used extensively in mining and other tunnelling type applications. As
such its application to the marine renewable industry is uncertain, however a
number of developers have expressed interest in the technique.

Rock-bolts may be envisaged in multiple groupings with a number of bolts
possibly holding a subsea anchor plate to a suitable seabed. A device which
may require a number of such anchor points over an area of seabed will have
to ensure that the rock strength at each location is suitable. In many locations
the localised differences in rock strength can be significantly different due to a
number of aspects such as geological discontinuities, bedding compositions
and thicknesses and any fracturing or faulting conditions. With this in mind
the possibility of a mixture of anchors (i.e. gravity anchors and rock bolts) in a
full anchor spread is real.
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Mooring Strings

Considerations for Marine Renewable Energy Converters

Moorings are compliant systems which provide a resistance to environmental loading forces by deforming

and activating reaction forces. The spring mechanism provided by the mooring causes a restoring force to

maintain the position of the moored buoyant structure. Two mechanisms are involved in the tension
ALINAY3I STFFSOUG 2F Y22NRYy3A f AySaMtciyK S Kl yairy3d Ol G4Sy

Water depth is critical to the mooring-string configuration which is attached to a seabed anchor and usually
the most appropriate choice in the relatively shallow coastal zone water is slack-moored in preference to
taut-moored. This is due to the larger tidal range in the coastal zone which will usually negate the use of a
tensioned mooring system. Of further consideration are the larger wave-induced motions on floating
structures in shallower water. This characteristic means that multipoint slack-moored systems are often
used in the coastal zone.

For deep water locations both slack (catenary) and taut (tension) mooring configurations are utilised.

The primary purpose of a conventional mooring system is to maintain a floating structure on station to
within an acceptable mooring envelope, under normal operating and storm conditions. There are perhaps
two key considerations for mooring arrangements for marine renewable energy devices.

Firstly, the available sea space for marine energy device deployments is likely to be limited ¢ particularly for
tidal energy arrays ¢ and therefore the extent of the mooring footprint for individual devices will have a
significant effect on the density of devices.

The second consideration - one which particularly applies to floating wave energy converters - is the
LRGSYiGdArt STFSOG 2F (GKS Y22NAy3I 2y (KS RSOAOSQ:
development locations will tend to be in relatively shallow water where the effect of waves, tides and

currents can be of great significance to the loading and response behaviour of such devices. There are very

obvious differences in the requirements for moorings for wave and tidal devices. A floating tidal device is

required to be maintained in an optimum orientation in the tidal stream over the flood ¢ ebb cycle and the

mooring will be providing a restraining force. By comparison a resonant floating wave device is designed to

extract energy from waves by excitation which means the mooring must be designed so as to not adversely

influence the device response. Compliant moorings can be achieved by a number of means such as: -

9 Catenary moorings, where the mooring consists of a heavier section attached to the anchor and
lying on the seabed, linked to further mooring string sections involving lighter chain, wire rope or
cable rising to the surface structure. The mooring provides compliance by the chain being picked
up and returned to the seabed as wave and tide forces act on the structure. These can be either
single catenary moorings or a number combined in a spread mooring system.
9 CtSEAGfS OIFGSYIFINE Y22NAy3&a 62FGSy NBFSNNBR (2
which has weight (ballast) and buoyancy (flotation) added along the Y 2 2 NR&A y 3 & GONENAASIM
is typically designed to be at mid-water depth.
9 Elastically compliant moorings which would incorporate lengths of highly stretchable synthetic rope
or elastic cords
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Mooring string materials for Marine Energy Devices
Mooring string components are usually categorised by the materials used into: -

9 Metal components (wire and chain)
9 Synthetic (e.g. nylon)
I Natural fibres

The latter type of material is unlikely to be used in many marine renewable energy applications, leaving the

option of employing a single material mooring string of wire rope, chain, synthetic fibre or a combination
mooring string using a number of these elements.
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Catenary Mooring
A mooring system which derives its compliancy mainly from the catenary (gravity loading) action of the
mooring lines. Some additional resilience is provided by the characteristic axial elasticity of the mooring
string components.

The term catenary describes the shape of the mooring string which will be
hanging with horizontal distance from the surface to the seabed from the
effects of gravity with the final portion of the mooring lying on the seabed.
The main advantage of the catenary is that the anchor only needs to withstand
horizontal forces.

A simple catenary would describe a mooring string with a single material
Characterisation / Mode component, whereas most moorings use a multiple component catenary
of Operation consisting of two or more material components (e.g. chain, steel wire rope or
synthetic fibre rope).

The use of chain/wire rope mooring components with significant lengths of
mooring string lying on the seabed ensures that the anchor is loaded in a
horizontal direction. Chain provides weight and catenary effect whilst the rope
provides greater elasticity (and reduced cost) per unit length.

Spread moorings are composed of several catenary moorings

Suitable for shallow to deep (<1000m) water depths, although in deeper water

Suitable conditions . . . . o
the weight of the lines becomes increasingly critical.

The disadvantage of catenary moorings is that significant areas of seabed are

Relative Scale . . .
required particularly for spread mooring systems.
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This is a specialised type of catenary mooring where the compliance of the mooring is provided by a
combination of added buoyancy and mass in specific locations along the mooring line.

Characterisation / Mode The addition of mass and buoyancy along the mooring line means that it is
of Operation effectively composed of a number of catenaries along its length

The flexible catenary is an appropriate option for shallow waters where the
Suitable conditions vertical heave motion of waves is relatively large compared with the water
depth and the flexible mooring reduces the loading on the moored structure.

This system will generally be favoured over a conventional catenary due to the

Applicati
pplications reduced seabed footprint.

Case Studies
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Wave Power device. In this case two mooring lines are attached to the head of the device which points into

prevailing wave conditions and one line to the rear. This arrangement allows the device to be maintained

within an operating surface envelope and also minimises the effect which the mooring restraint may have

on the frequency response of the device. The combination of floats and weights prevent the mooring

cables from becoming taut, but maintain enough restraint to keep Pelamis positioned while giving it the

ability to swing head on to oncoming waves.

In the image of the Pelamis mooring the final section of the mooring is clear of the seabed and this would
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on the seabed. The steep S will provide the advantage of a reduced seabed footprint.

I 2 bow moorings and 1 stern mooring - combination of floats and weights prevent the mooring
cables becoming taut.
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Tension Leg (Taut) Mooring

A mooring string which is attached to a seabed anchor and which
involves steep angles to the moored floating structure. The anchor will
be loaded in horizontal and vertical directions. Mooring lines will
generally be lightweight (e.g. Synthetic rope).

Characterisation / Mode of

Operation As with catenary systems, taut moorings can be combined to form a
spread mooring system. The advantage is that due to the straight line
from seabed anchor to surface attachment the mooring footprint is
smaller. The lines are under constant tension and need to withstand
horizontal and vertical forces.

Suitable conditions The tension or taut mooring is most suited to very deep water.
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