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Goals and Limitations

• Goals
– Protect the export cable
– Keep the turbine from moving too much

• Limitations
– Footprint
– Loads and directions of loads on anchors
– Damage to seafloor
– Impact on benthic life, fish, mammals
– Effort to install and retrieve
– Cost
– Long-term reliability

Feb. 2024 Understanding Mooring and Anchoring Systems 2

A

A

A

A



Ropes and Chains

• Chains made of wide range of alloys, each 
with different stiffnesses

• Studs in studlink chain can be pressed into 
place (then stretch link to lock it) or welded 
in place

• Studlink vs. Studless
– Studlink is stronger than studless
– Studlink is more expensive
– Higher corrosion in studlink, esp. around 

stud ends

• Typical Materials:
Polyamides Polyethylene (grocery bags)
Aramid (Kevlar) Nylon
High Modulus Polyethylene (HMPE)

• Construction
– Long-pitch subropes, perhaps 50 to 100 1-

inch subropes bundled into ropes, outer 
woven casing (think “telephone pole” 
diameter)

– Fibers aligned with direction of ropes to get 
most strength out of fibers
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Studless (left) and Studlink (right) chain
Twisted, Braided Rope (left). Parallel subrope with 

Braided Jacket, 400-ton break load (right).1

1 Davies, P. A review of synthetic fiber moorings for marine energy applications. 
5th Intl. Conf. on Ocean Energy (ICOE 2014), Nov. 2014, Halifax.



Anchors
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Ikhennicheu, M. et al. 
D2.1 Review of the state 
of the art of mooring and 
anchoring designs, 
technical challenges and 
identification of relevant 
DLCs. COREWIND, EU 
Horizon 2020 Research & 
Innovation Prog. No. 
815083. March 2022

(Or vibration)

Vryhof STEVPRIS®  Mk6 CAPE Holland Vibro-tech DCL Suction Pile (32-ft!) DB Group Concrete Anchor



Suction Embedded Plate Anchor (SEPLA)

Feb. 2024 Understanding Mooring and Anchoring Systems 5



Suction Piles and Suction Embedded 
Plate Anchor (SEPLA)
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1. Pile and SEPLA embed under their own weight
2. Suction embeds pile
3. SEPLA anchor is released and pile is retrieved
4. Anchor rotating into position
5. Final anchor position



Turbine Sizes: Bigger (may be) Better

• Large turbines today:  10MW
• When floating wind turbines are installed in Gulf 

of Maine:  15MW?

• Do you have a big enough crane?
• How much does the extra power cost ($/MW)?
• Can the blades handle the power?
• Maintenance costs for bigger turbines?
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Wiser, R. et al. Land-Based Wind Market Report, LBNL, DOE Office of Energy Efficiency & Renewable Energy. 2023 Edition.



EIA Reference 10MW FOWT
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Tower Height 379 ft
Draft 72 ft
Column Diameter 46 ft
Pontoon Diameter 82 ft
Tower Connection 30 ft
Column Separation 197 ft
Free Board 33 ft
Platform steel Mass 5,159 ton
Platform Displacement 745,493 cubic ft

Rating 10 MW
Rotor Orientation
Configuration 
Rotor Diameter 650 ft
Hub Height 390 ft
Cut-in Wind Speed 7.8 knots
Rated Wind Speed 21.4 knots
Cut-out Wind Speed 48.6 knots
Rotor Speed Minimum 6 rpm
Rotor Speed Maximum 8.68 rpm
Hub Mass 90 ton
Nacelle Mass 598 ton
Blade Mass 53 ton
Tower Mass 693 ton
Subtotal 1,433 ton

Upwind
3 blades

Type
Diameter 

(in) MBL (ton)
Dry Weight 

(lb/ft)
Wet Weight 

(lb/ft)
Studless Chain 7.1 2,181 435 379

Link Length 42.5
Link Width 25.2

Nylon Rope 13.9 2,722 55 5
Polyester Rope 10.4 2,181 33 9



Perspective
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Green, R., MacDonald, S., Rebecca Fuchs, R., Hall, M. 2023. Social
Acceptance of a Reduced-Footprint Synthetic Mooring System for Floating Offshore 
Wind Turbines in the Gulf of Maine. Golden, CO: NREL/TP-5000-85503. 
https://www.nrel.gov/docs/fy23osti/85503.pdf. 



Platform Topology
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Spar, Barge, TLP, Semi-Sub (from left to right) 

Human exposure to motion during maintenance on floating offshore 
wind turbines, Scheu et al 2018, Ocean Engineering, Volume 165 



Mooring 
Configurations

Type Pros Cons

Catenary • Lowest loads on platform
• Only horizontal force on 

anchors (any anchor)

• Big footprint
• More expensive lines/chains
• Highest motions

Taut/Semi Taut • Reduced line length
• Reduced motions

• Some uplift at anchors, cannot use drag 
embedment

Tendon Lines 
(Tension leg 
platform, TLP)

• Minimum motion
• Smallest footprint

• High loads in tendons (big rope or steel pipe)
• High loads at fairleads
• Requires big plate anchors or piles
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Footprint of 
Catenary 

Mooring Systems

• Cost:
– Weight and size 

of lines, ropes
– Cost of line, rope 

per foot
– Reliability and 

Maintenance

• Anchors
– No uplift
– Lots of choices
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Rope & Chain

All Chain

(Almost) All Rope

5:1 Scope  1,500 feet

NOTE:  These are 10MW turbines



Individual, Shared Moorings/Anchors

• Mooring lines and anchors are extremely 
expensive – can they be shared?

• Authors simulated ten 10-MW spar turbines in 
600m (1,969 feet)
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Hall, Matthew, et al. Design and analysis of a ten-turbine 
floating wind farm with shared mooring lines. EERA 
DeepWind Offshore Wind R&D Conference. J. of Physics: 
Conf. Series 2362, 2022.

Hall, Matthew, et al. “Shared Mooring Systems for Deep-
Water Floating Wind Farms: Final Report.” NY State Energy 
R&D Authority. 2021. nyserda.ny.gov/publications.

Conclusions from NYSERDA Study:
• Staggered layout is better for motions
• Shared lines can reduce impact of a line failure

• Sharing mooring lines and anchors can reduced 
costs by 34% over conventional 4-line systems
– Reduced LCOE by 1%



10MW Turbine Spacing
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• 650 feet x 7 = 4,550 feet
• 650 feet x 15 = 9,750 feet

(Edited Photo) Vestas “V164-10.0 MW™ at a glance”
https://vestas.scene7.com/is/image/vestas/2019%20MHI%20Vestas-Aerial-Deutsche%20Bucht-32204-HR-
AdobeRGB?qlt=85&wid=1600&ts=1671028952766&$Default-Image$&dpr=off, Downloaded 2024-02-21

https://vestas.scene7.com/is/image/vestas/2019%20MHI%20Vestas-Aerial-Deutsche%20Bucht-32204-HR-AdobeRGB?qlt=85&wid=1600&ts=1671028952766&$Default-Image$&dpr=off
https://vestas.scene7.com/is/image/vestas/2019%20MHI%20Vestas-Aerial-Deutsche%20Bucht-32204-HR-AdobeRGB?qlt=85&wid=1600&ts=1671028952766&$Default-Image$&dpr=off


Floating Wind Export Cable
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Diagram:  Floating offshore wind dynamic cable system. The horizontal distance between the floating substructure and the 
touchdown point is typically around 200 m. BVG Associates. Downloaded from https://guidetofloatingoffshorewind.com/guide/b-
balance-of-plant/b-1-cables/b-1-1-array-cable/, 15-Feb-2024.
(A) ABCO Subsea    (B) Balmoral Comtec Ltd    (C) CIGRE, Recomm’s for mech. testing of submarine cables for dynamic applications

C

https://guidetofloatingoffshorewind.com/guide/b-balance-of-plant/b-1-cables/b-1-1-array-cable/
https://guidetofloatingoffshorewind.com/guide/b-balance-of-plant/b-1-cables/b-1-1-array-cable/


Protecting the Export Cable
• International Cable Protection Committee (2009):  2/3 of all broken 

telecom cables on European coasts caused by ship anchors and commercial 
fishing trawlers

• Cable is either laid in a trench or covered with a mat
– Trench is preferred – much cheaper, more reliable

• Trench
– Typical depth = 6 feet, can go as much as 3m (9+ feet)
– Cut with jet in sands and softer clays
– Cut with mechanical chain cutter in medium and harder clays

• Backfill:  Method of backfilling depends on soil type
– If chain-cutting a trench to bury cable, trench naturally backfills
• Trench is narrow relative to its depth and will normally (partially) collapse

– Jets can provide backwashing and eduction (suction) of seabed material while trenching
• Can either backfill or keep the trench open.
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Paul Dvorak, interview of Mike Daniel, Trenching Business Line Mgr., Fugro Subsea Services Ltd., 2015 
(https://www.windpowerengineering.com/new-ideas-for-offshore-flexible-trenching/)

https://www.windpowerengineering.com/new-ideas-for-offshore-flexible-trenching/


“Trenching” Power Export Cable
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Soil Machine Dynamics Ltd. (SMD)
SMD's 'MD3' Subsea Plough 
Technology

Cable

Cable in 

Trench



Summary

• Ropes and Chains
– Chains
– Ropes and subropes
• Materials (HMPE, Polyester, Nylon, 

others)
• Construction Anchors

– Types (for each type, 
strengths/weaknesses, effort to 
install and retrieve)
• Gravity
• Drag Embedment
• Plate
• Suction Pile
• Dynamic (Torpedo)
• Helical Anchors

• Mooring Systems
– Topology
• SPM, 3-line, 4-line, redundancy
• Single anchors vs Shared anchors

– Goals
• Protect the export cable
• Keep the turbine from moving too much

– Limitations
• Footprint
• Loads and directions of loads on anchors
• Damage to seafloor
• Impact on benthic life, fish, mammals
• Effort to install and retrieve
• Cost
• Long-term reliability
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EXTRA SLIDES (IF NEEDED)



Footprint, Catenary Mooring
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NOTE:  All synthetic lines. Would 
be shorter with bottom chain.



Environ. Effects of HVDC Cable
• As of 2016, fewer than 10 published studies
• Basslink High Voltage Direct Current (HVDC) cable across Bass 

Strait in SE Australia
– Soft sediments:  > 95% of cable laid into wet jetted trench
– Underwater remote video:  < 2 years all visible evidence of 

cable/trench gone at 1/3 of transects at 6 deep water sites 
(32–72 m deep)

– At other deep water transects, trench trapped drift material
• Habitat for mostly sparse distributed benthic community

– Diver surveys at near shore sites (<15 m deep) on N-side of 
Strait also found cable route was undetectable after a year.

• Hard basalt rock near shore on S-side:  Cable was encased in a protective cast iron half shell.
– Diver studies over 3.5 years showed growth on hard shell similar to growth on hard substrates 

elsewhere on basalt reef.
• Magnetic field from operating cable within 0.8% of predictions from theory
– Field strength drops rapidly with distance from the cable.
– Beyond 20 m field was indistinguishable from background
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Sherwood, J. Installation and operational effects of a HVDC submarine cable in a continental shelf setting: Bass Strait, 
Australia. J. of Ocean Engineering & Science (www.elsevier.com/locate/joes). 1 (2016) 337–353.

http://www.elsevier.com/locate/joes


Wind Farms and Fishery Co-Location

• OWF development will have a huge impact on 
European and North Sea mobile fisheries
– Some potential for co-locating passive gear fisheries in the 

vicinity of OWFs.

• Successful case studies of passive fisheries for brown 
crabs and European lobsters with pots and traps in UK, 
Germany and Netherlands
– More scientific evidence of potential ecological and 

economic benefits is needed
– Need experiments on pot/trap gear safety and evidence of 

artificial reef effects to implementation new safety 
distances and passive fisheries

• New regulatory guidelines required on safety of fishing 
and navigation within offshore wind farms
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Prince Owusu Bonsu, et al. Co-location of fisheries and offshore wind farms: Current practices and enabling 
conditions in the North Sea. Elsevier Ltd. 2023.

UK

North Sea


