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MARINE ENERGY FLOATING UNIT LOADINGS

Marine Energy Floating Units work on the principle that the structure interacts with the environmental loads to 

produce energy. The design basis is different from the Floating Units in the Oil & Gas or Maritime industry, 

where structures are designed to minimize the response due to environmental loads. 
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Key attributes that contribute to higher mooring line 

tensions for Floating Wind Turbines:

Wind and current areas are comparable to MODUs with 

a displacement that is 2-3 times larger.

The units are significantly taller, affecting:

The wind speeds they interact with

The CoG of the unit

The centre of wind area

Tidal turbines will have a comparatively smaller windage 

area, but a larger current area.
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ARRAY MOORING SYSTEM ARRANGEMENT
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As an example, a 15MW turbine that has a 240m rotor 

diameter will require the following approximate distances 

between units:

720m to 1200m between neighbouring turbines.

1200m to 2200m between rows of turbines.

This distance would limit the mooring line radius to 

around 600m.

For an equivalent line tension a mooring system in the 

Oil & Gas industry typically has a mooring line radius that 

is 2 to 3 times longer

The design of the mooring system will be limited by the spacing between turbine units. The distance between each unit will have 

to be optimised based on:

Maximize the number of units that can be installed in a given site

The minimum distance at which the wake of the turbine affects the efficiency of the neighbouring unit.

3-5 times 
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5-9 times rotor diameter

Prevailing Wind Direction

Array System 
Line Radius 
Limit

Oil & Gas System 
Typical Line 
Radius



/ ACTEON MOORINGS AND ANCHORS

SITE SOIL CONDITIONS 

The large site area that commercial marine energy systems will be installed in means that soil conditions will likely vary across 

the site. In addition to the variation in topsoil, it is also highly probable that there will be an even greater level of variation in soil 

conditions with depth, i.e. layered soils. 

Below is an example of the surface sediment profiles of 2 fields where floating wind farms are planned to be installed. 
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ANCHOR DESIGN REQUIREMENTS – SUMMARY

The anchors of the mooring systems for commercial arrays will have to be designed for the following requirements.

Very high design tensions

Not uncommon to witness uplift at the anchor point

Anchors will be laid in relatively close proximity to each other

Not uncommon to encounter stiff/hard soil conditions, or rock 

Anchor lines will consist of large chain diameters (can hinder anchor performance)

A variation in soil conditions will be observed across the site

To offer a cost-effective anchor solution, it is probable that a range of anchor types and sizes will be required at a given 

site. 
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ANCHOR TYPES
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DRAG EMBEDMENT ANCHORS

Drag anchors operate by applying a horizontal tension to the 

anchor. As the tension is applied, the anchor self embed.

The drag anchor will continue to drag and embed until it 

reaches a sufficient depth that the anchor and embedded 

line are in equilibrium with the applied tension. 

Drag anchors are generally suitable for anchoring in 

sediment, i.e. clay, silt and sand. 
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Vertical Load Anchors (VLA’s) are an adaptation of a drag anchor that are 

optimised for resisting uplift at the anchor point. Their initial installation is 

similar to a DEA, with the main difference being that a shear pin in the shank 

breaks at a defined tension. 

The increase in fluke-shank angle results in the anchor being optimised for 

restraining vertical loads.

VLA’s are suitable for soft clay seabed conditions, where deep embedment 

can be achieved. 
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PILE ANCHORS

Pile Anchors function by being installed to a sufficient depth that the 

bearing and friction resistance of the soil/rock exceeds the maximum 

anchor design loads. The friction component of the soil/rock resistance 

enables pile anchors to be designed for uplift. 

There are 2 main types of pile anchor:

Driven Pile

Drilled and Grouted Pile

A driven pile is installed by using a subsea hammer to hammer the pile 

into the soil. A driven pile is suitable when the soil conditions consists of 

sediment (clay, silt or sand) for the depth that exceeds the pile length 

requirements.  

A drilled and grouted pile is installed by first boring a hole in the seabed. 

The pile is then laid in the hole, and grout is filled into the space between 

the pile and the seabed. A drilled pile is used when anchoring in rock or 

very hard sediment seabeds.
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SUCTION PILES AND SEPLA

Suction anchors achieve an initial embedment due to its self weight when 

laid on the seabed. The internal void of the anchor is then depressurized, 

which applies at suction. The suction results in the anchor embedding 

further and is applied until it reaches its target depth. 

Once installed, suction piles function in a similar manner to pile anchors, 

where the anchor is to be installed to a suitable depth so that the bearing 

and friction resistance of the soil anchor exceeds the design tension 

requirements of the mooring system. 

The SEPLA uses the suction pile as an installation aid to embed the plate 

anchor to a target depth. Once the plate anchor has reached is target 

depth, the pile is then recovered, and the plate anchor is tensioned to 

“key” to its required orientation.

Suction anchors are suitable for soft to medium clay soil conditions.  
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ANCHOR PERFORMANCE
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ANCHOR 

TYPE

SOIL CONDITION

VERTICAL 

LOAD 

CAPACITY

PRECISION

CLAY SAND

ROCK
SOFT MEDIUM HARD

LOOSE –

MEDUIM 

DENSE

DENSE
VERY 

DENSE

Drag Anchor *** *** * *** ** * * *

Vertical Load 

Anchor
*** *** *

Driven Pile 

Anchor
* *** *** ** *** *** *** ***

Drilled and 

Grouted Pile 

Anchor

** ** *** *** ***

Suction Anchor *** ** * *** ***

SEPLA *** ** *** ***

Gravity Anchor * * * * * * * * ***

*fair **better ***best 
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ANCHOR DEVELOPMENTS

To improve the cost effectiveness of the anchoring systems for the mooring systems of marine energy systems, 

development in anchor technologies will be required. 

Anchor designs that are currently in development are:

Micropiles

Groutless Drilled Rock Anchor

Shared Mooring Line Anchor

In addition to the development of new anchor types, further research into the performance of existing anchor types would 

also prove beneficial in optimising the anchor sizes for the floating wind industry. 
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