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Introduction 

Thank you for your support of the LIFE Recreation ReMEDIES project. This information pack 
summarises the types of Advanced Mooring Systems that we would like to trial as part of this 
project. The pack is to help guide decisions about the types of moorings that may be suitable in your 
area and that you would be happy to use.  

What is included: 

• Summary comparison table covering costs, conditions, installation and maintenance etc
• Brochures for Hazelett, Seaflex, Stirling mooring systems and the Helical screw anchor*
• Project data sheet and quote forms for Hazelett and Seaflex moorings (the information

required to determine the specification for the mooring and get a quote)
• Manufacturers contact details for further technical queries
• MOREK Engineering Advanced Mooring Systems Modelling Report May 2021

The LIFE ReMEDIES project does have some funding to pay for mooring systems. Joint contributions 
to the cost would be welcome to help our funding go further e.g. installation and maintenance.

We are looking for your help with the following: 

1. Decisions about what systems and how many may be suitable to install in your area (a range
of options will help the project team decide based on available budget)

2. Completing the data sheet and quote forms, as relevant, to ensure specifications are correct
3. Deciding whether you would like to purchase the whole system or just the mooring

components (e.g. using other buoys/ropes that you already have)
4. Arranging installation with your existing contractors where relevant (guidance will be

provided by manufacturers/training for helical screw installation)
5. Arranging required maintenance of moorings where appropriate
6. Ensuring appropriate insurance cover and documenting this for the ReMEDIES project
7. Evaluating and reporting back on success and use of moorings including liaison with

manufacturers if any modifications are required

* These are the designs we decided to focus on in this project based on engagement from manufacturers and previous
experience working in the UK. There are other systems available on the market that could be explored.



COMPARISON TABLE: MOORING DESIGNS

Hazelett Seaflex Stirling

Water 
depth/tides 

Tidal range cannot be greater than low water depth – 
min depth 1.5m 

Up to 8m. No limit on water depth 
– designed accordingly. Increased
depth = increased cost.

Similar to traditional mooring. 

Life span 30 year design life, 10 year recommended 
replacement cycle 

20 years expected. Component life expectancy 3 years. 

Cost Up to 12 meters: £1062 full 
system 
12 to 18 meters: £1487 full system 
18 to 20 meters: £2321 full system 
20 to 25 meters: £2866 full system 

Including helical screw and installation 
by divers: 
<3.5 tonnes (16mm chain) £1545 + VAT 
>9.5 tonnes (20mm chain) £1710 + VAT
Modify existing moorings on request

Experience 

been in place successfully for 5+ years 

1500+ installations worldwide. 
First mooring 1970. 

Trials in Salcombe (since 2014), Torbay 
(2017) and Cawsands (2018). Total 17. 

Maintenance Recommend annual inspection by divers.
Could potentially use camera but only if 
very clear conditions. 

Recommend annual inspection 
(divers or pull mooring up by 
boat)– likely can decrease after 
years 2/3 

Same as traditional mooring – annual 
checks to monitor chain and additional 
buoy floats to maintain. 

Installation If helical screw – diver required.  If block anchor can 
deploy from barge (hook up system beforehand – 
recommend diver still inspects connection). 

Note: Richard Robinson from ABC anchors has devised 
system that doesn’t require divers with helical screws. 
Method used in Calstock. Check is done with camera. 

If helical diver required. If block 
anchor can deploy from barge. 

Note: Richard Robinson from ABC 
anchors has devised system that 
doesn’t require divers with helical 
screws. Method used in Calstock. 

By divers or from barge 

<5 tonnes single elastic £223-£520 Full System £669-£1487
6-15 tonnes elastic only £669 Full System £929-£1375
16-25 tonnes elastic only £1115 Full System £1561-£2453 
26-35 tonnes elastic only £1561 Full System £1933-2602 * 
see note below (price is dependent on a range of factors)

*pricing is dependent upon whether a full system includes a spar buoy, or mooring ball, a pennant, what type of pennant, length of downline and SS or galvanized connection hardware

Over 4000 installations worldwide. 10 installed in Studland July 
2021. Have been selling design for over 30 years. 1000s have been 
in situ for more than 10years. Isle of Man example 5+years.



COMPARISON TABLE: ANCHOR DESIGNS

Helical screw/pile Traditional concrete block 

Substrate Any– although need to check depth of sediment and 
underlying bed rock (can be used in rock but requires 
different installation equipment) 

Any 

Life span Unknown – depends on amount of metal used. Effect of salt 
water/freshwater combinations and tides still needs 
understood (100+years in soil) 

(Harbour authority knowledge) 

Cost £250 + installation cost Variable. (Harbour authority knowledge) 

Installation Divers with training– although ABC anchors currently 
trialling installation from barges (faster and cheaper). See 
note above. 

From barge or divers (although divers 
recommended to check mooring component 
anyway for Seaflex and Hazelett) 

Potentially other anchoring options include: 

• Manta Ray - http://www.earthanchor.com/manta-ray/ Prices start at £175 – however, US design and manufacture. Unknown installation experience in UK
(specialist equipment required).

• Eco-block (e.g. MARINEFF project) – eco-engineered concrete designed to increase surface area and structural niches for artificial habitat and improved
biodiversity http://marineff-project.eu/en/marineff-project/

http://www.earthanchor.com/manta-ray/
http://marineff-project.eu/en/marineff-project/


DOCKS AND WAVE AT TENUATORS
Docks and wave attenuators 

anchored with chains tensioned 
at high tide will wander at 
low tide when the chain 
becomes slack. When wind and 
waves build, chain-anchored 
structures will jerk violently as 
the chain becomes taut. Peak 
loads at the windward chain-
to-dock connections can cause 
them to fail.

Docks and wave attenuators 
anchored with Hazelett Elastic 
Rodes (or a combination of 
elastic rodes and chain) are 
tensioned at low tide, so they 
stay put at low tide. As the tide 
rises, the elastics stretch. Docks 
and wave attenuators secured 
with Hazelett Elastic Rodes 
have a more gentle motion, 
reduced point loads, and are 
easier to walk on in rough 
weather. 

Elastic Mooring Systems — For Yachts, Docks, Wave Attenuators, Aquaculture Farms

Hazelett Marine

Hazelett Marine

www.hazelettmarine.com

15 Palmer Court, Suite 212A, South Burlington, VT 05403



The Hazelett Conservation Elastic Mooring System (A-D above) is an 
advanced alternative over traditional ball and chain moorings. 

The Hazelett Spar Buoy (J) is a 6-inch diameter polyethylene tube that 
is filled with foam and concrete for ballast. Wave action does not have as 
much of an impact on our spar buoy as it does on a ball floating on the 
surface, and, as a result, wear on the metal-to-metal connection between 
shackle and anchor is minimized. Our spar buoy has a pocket molded into 
the top that houses a stainless steel swivel (I) where bridles or pendants 
attach, and a removable boot covers the swivel to protect the boat’s hull. 

Instead of chain, our spar buoy is connected to an anchor by Hazelett 
Elastic Rode(s). The rodes (E) are manufactured of cast polyurethane 
elastics with polyethylene thimbles. The design is based on over twenty 
years of research and development, and all Hazelett Elastic Rodes are 
inspected, serialized, and load tested at our plant.

We recommend Helix anchors or concrete blocks to secure our elastic 
rode(s) system. We currently have three top terminations for Helix 
anchors:  a fixed type (F) for a 1 ¾” shaft; a fixed type (H) for a 1 ½” shaft; 
and a swivel type (G).

With the traditional ball and chain system, mooring in twenty feet of 
water will require sixty feet of half-inch chain (based on the usual three-
to-one scope). That length of chain will have about 360 moving metal-

to-metal connections that wear and rust. On the other hand, the Hazelett 
Elastic Mooring, which can be set up with as little as a one-to-one scope, 
has only one metal-to-metal connection — at the anchor block. Yearly 
inspections are simplified with the Hazelett Elastic Mooring System and 
fewer repairs/replacements are needed.

Our mooring systems are also left in year round, reducing costly winter 
removal and spring reinstallation. The buoy also works as a “winter stick” 
that can slip under the ice. 

Shellfish and finfish need eel grass to spawn and have protection for 
their young, but chain mooring systems destroy eel grass and other 
aquatic vegetation as the chain rakes the bottom when the wind and tide 
change direction. Water clarity is also diminished when the chain stirs up 
sediment, blocking precious sunlight to the plants. In contrast, the Hazelett 
Conservation Elastic Mooring System protects the sea bed because our 
elastic rodes are floated off the bottom. We have had many reports on the 
regrowth of eel grass and the repopulation of lobsters and scallops within 
two years of replacing chain systems with our elastic system.

Hazelett Elastic Moorings can increase mooring field density by about 
forty percent, since our mooring system can be installed with a scope as 
short as one-to-one instead of the three-to-one scope of traditional ball 
and chain systems (K).

A

E

B C

JF

H

G
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K

For  4-5  
ton boats

Rode 
Lengths

5’

4’

5.5’

7’

13.5’

6.5’ 8’ 10’

For  10-16 
ton boats

For  15-22 
ton boats

For  25-35  
ton boats

SINGLE POINT MOORING SYSTEMS
D

There are usually 25 
boats in a traditional 
mooring grid (top). 

Up to 64 boats can 
fit in a Hazelett 
Marine mooring  
grid (bottom).

15 Palmer Ct, Suite 212A, South Burlington, VT 05403  •   +1 802-399-2627
Web: www.hazelettmarine.com  •  Email: info@hazelettmarine.com
PHOTOS: Lee Cordner      DESIGN: Anne Linton/MacWorksHazelett Marine



Hazelett	Marine	•	info@hazelettmarine.com	•	www.HazelettMarine.com	•	(802)	399-2627	

BOAT	MOORING	QUOTE	FORM	
Please	supply	us	with	the	following:	

NAME:	

PHONE: EMAIL:	

INSTALLATION	LOCATION:	

DEPTH	AT	MOORING	LOCATION	

HIGHEST	ASTRONOMICAL	TIDE:	 LOWEST	ASTRONOMICAL	TIDE:	

BOAT	TO	BE	MOORED	

SAIL	BOAT:	 POWER	BOAT:	

LENGTH:	

WEIGHT:	

CONDITIONS	

PREDOMINANT	WIND	DIRECTION:	

FETCH:	

MAX	WAVE	HEIGHT:	

MAX	WIND	SPEED:	

CURRENT	(IN	KNOTS):	

BOTTOM	

SAND:	 	 	 MUD:	 	 ROCK:	 OTHER:	

ANCHOR	TYPE	

CONCRETE	BLOCK:	 	 HELIX:	 OTHER:		

SYSTEM	COMPONENTS	NEEDED:	

Full	system	includes	helix	anchor,	shackle(s),	trawl	floats,	elastic(s),	uniline,	spar	buoy,	swivel	and	pennant	



The Seaflex buoy mooring system - keeps 
your boat secure in place while dampening 

forces from waves and wind.

For more information visit
www.seaflex.net

ENVIRONMENTAL SWING MOORINGS - LAKE TAHOE, USA

Buoy Mooring System

The SEAFLEX mooring system was invented 
to provide a secure and dampening mooring 
solution for floating applications worldwide. 
Before long, it was not only used to moor 
docks, but navigational- and mooring buoys 
alike. Over time we realized that there was 
improvements to be made to the worlds buoy 
options as well, resulting in the development 
and launch of our own revolutionized SEAFLEX 
buoy complete. 

Contrary to swing moorings, or single-point moorings that are moored 
with chain, our complete buoy system does not utilise multiple 
shackles or swivels, lowering the risk for moving parts showing wear 
or coming undone over time. Our traditional model is attached with a 
powertext round sling that has over 10kN break-load.

The Seaflex Buoy Mooring System
The SEAFLEX Buoy Complete comes in a range of different models 
and sizes and is specifically designed to be moored using the 
SEAFLEX buoy model, together they become a complete Seaflex 
Buoy Mooring System. 

The SEAFLEX Buoy Complete is made using polystyrene with 
excellent floatability, ensuring full boyancy even when exposed 
to external conditions. The buoy tubes are made of high-grade 
stainless steel to protect against corrosion. Pictured below is only 
3 of the combinations we offer in our buoy line, some other options 
include:

2 Attachments – Powertext round sling or rope
2 Buoy colors –  red or white with a blue stripe
3 Buoy sizes – 60, 120 and 180 litres
4 lengths – 500, 850, 1500 and 2400 mm
5 top options – no eyelet, plate eyelet, plate 4/6/10 dm eyelet

Swing moorings moored with chain have exess chain dragging on the 
seafloor, this damages the seabed creating dead spots as seen pictured 
above. Seaflex environmental mooring buoys stays off the sensitive 
seafloor at all times, providing minimal disturbance to the marine 
ecosystem. This minimal environmental impact makes it especially 
suited for locations with regulations against traditional mooring 
methods. Our design also has a much smaller swing radius, allowing 
more permanent moorings to be installed in a smaller area. 



Contact Information

Sign and date

Project Information

Layout information

Other information

Company:

Contact Person:

Phone number:

Email: 

Address:

Project name:

Amount of boats:

Estimated installation date:

Installation city & country:

Latitude and longitude coordinates:

x 6m  

x 8m  

x 10m  

x 12m 

x 15m  

x 18m  

x 20m  

x 25m 

x  m  

Sign this to acknowledge that this is the data that will be used to dimension the type 
of Seaflex needed for this project. Confirm that this is not average data but in fact the 
worst case scenario forces for which you need the SEAFLEX mooring system to handle. 

Project Data Sheet (PDS)
PDS for Buoys

Design environmental information (required)

Design environmental information (optional)

Water level variation

Water depth at lowest water level

Maximum wind velocity

Maximum wave height

Maximum current speed

Chart Datum (CD)

Lowest Water Level (LWL)

Highest Water Level (HWL) 

Significant wave height 

Wave period

Wind period

Water type (salt/fresh)

Type of anchor to be used

Please provide the worst case scenario data that this location is ever 
anticipated to see. We use this data to determine the size, strength 
and amount of Seaflex needed for this particular location. 

The following data is optional. It is recommended 
to fill in as much as possible.

Please attach a drawing, preferably in CAD format. 
If you do not have a drawing, attach a detailed 
description of what you are trying to moor. Include 
bathymetry or sketch of depth measurements if 
known.

Layout drawing file name:

Brief explanation of project:

Value 
(specify unit of measurement)

Value 
(specify unit of measurement)



 

STIRLING ADVANCED MOORING 
SYSTEM SAMS 



Stirling Advanced Mooring System SAMS
The Stirling Advanced Mooring System (SAMS) is an adaptation to traditional mooring 
configurations that provides the security of the traditional mooring, whilst reducing the 
impact on sensitive seabed habitats. 
The SAMS has been developed by the Ocean Conservation Trust over the last 5 years in 
conjunction with Harbour Authorities on the South Coast of England and mooring service 
providers. The aim has been to create a cost-effective flexible mooring solution that remedies 
the impact of traditional moorings on habitats that have ecological value.

STIRLING ADVANCED MOORING

Alterations to standard configuration are: 

• The ground block / sinker is replaced with a
helix anchor /screw pile, securing the riser
and vessel to the seabed safely. 

• The thrasher chain has been removed since
this is the most impactive component of a
traditional mooring on sensitive habitats.

• The lower portion of the SAMS riser is
suspended off the seabed utilising mid-water
buoys.

• The upper riser section of the SAMS will be
secured between the mid water buoy and
surface buoy. 

Mooring safety is influenced by environmental conditions which are unique to each location. The 
SAMS provides a fully customisable approach to local conditions and different habitat types . 

The SAMS consists of two components;
1. Helical anchor (or where helical anchors cannot be deployed it is possible to use a ground

block / sinker)- This component holds the boat in position and anchors the vessel to the seabed
and has two options depending on what is suitable for the deployment location.
• Helical screw anchor, screw pile drilled into the seabed at a penetration depth and

kilonewton torque defined by the size of the vessel needing to be moored. Minimum screw
pile depth is 2m*. The success of installation is dependent on sediment type, however
different helical anchors are available for various sediment types. Where the bedrock is
shallower than 2 meters this option can not be deployed. Anchor includes swivel anchor
head.

• Traditional sinker block, the size of which is defined by the size of the vessel needing to be
moored. Whilst cost effective and flexible** within its deployment and retrieval this method
creates a footprint on the habitat the size of the mooring block.

* Screw part deployment provide SWL of 6 tonnes with a MWL 12 tonnes.
** Retrospective fitting of the Stirling riser to existing sinker is possible.



 

SEAGRASS MEADOWS ARE 
OF FUNDAMENTAL 

IMPORTANCE TO HUMAN 
LIFE. THEY EXIST ON THE 

COASTAL FRINGES OF 
ALMOST EVERY CONTINENT 

ON EARTH, WHERE 
SEAGRASS AND ITS 

ASSOCIATED BIODIVERSITY 
SUPPORTS FISHERIES’ 

PRODUCTIVITY

2 . Stirling Riser - An adaptation of a traditional chain riser with the 
addition of securely fixed floatation to suspend the riser chain off 
the seabed protecting sensitive habitats, this suspends the riser in 
the water column. The length of the riser is dependent upon the 
water depth. The chain gauge used within the construction of the 
riser is defined by the size of the vessel needing to be moored, 
vessels < 3.5 tonnes, 16mm gauge, vessels > 9.5 tonnes 20mm 
gauge. Once the size of the vessel, the water depth and the gauge 
of the riser has been identified, the correct amount of flotation is 
calculated and balanced on the riser. The SAMS riser creates a 
catenary fixing between the seabed and the pick up buoy, allowing 
the system to rise and fall with the tide, suspending the riser from 
the seabed throughout the whole tidal cycle. This is suitable for 
locations with large tidal variations. 

Area of habitat impacted by traditional mooring install:
5 meters scour of traditional mooring = π  x 5 2 = 78.53 meters 2 
0.5 meters traditional sinker block = π  x 0.5 2 = 0.78 meters 2

Adaptations to the Stirling riser removes scour of a traditional mooring, 
in this example adapting the riser to the impact of the sinker reduces 
the scour impact by 99%. The use of the helical anchor reduces the 
impact to a minimum impact, the radius of the pile ~ 7.5cm. 

STIRLING ADVANCED MOORING



 

SEAGRASS, A VITAL PART OF THE MARINE ECOSYSTEM DUE TO THEIR 
PRODUCTIVITY LEVEL, SEAGRASSES PROVIDE FOOD, HABITAT, AND NURSERY 
AREAS FOR NUMEROUS VERTEBRATE AND INVERTEBRATE SPECIES. THE VAST 
BIODIVERSITY AND SENSITIVITY TO CHANGES IN WATER QUALITY INHERENT IN 
SEAGRASS COMMUNITIES MAKES SEAGRASSES AN IMPORTANT SPECIES TO HELP 

The SAMS is an approach to customising 
standard mooring components, therefore the 
system can be used in most environmental 
condition within coastal waters and shallow 
inlets for mooring recreational vessels. Where 
traditional moorings are deployed the SAMS 
can be a lso be dep loyed. The on ly 
environmental restriction to this deployment is 
the sediment depth, helical anchors cannot  
penetrate where the sediment type is not 
suitable i.e. where the bedrock is less than 2m 
below the seabed. 

The cost of the SAMS is not disproportionately 
more than a standard mooring. The starting 
point for development has been to create a 
cost-effective and flexible Advance Mooring 
System suitable for deployment within 

sensitive habitat of ecological value. Cost 
depends upon the options selected: water 
depth and the weight of vessel to be moored. 
For example a mooring for a 3.5 tonne vessel 
in 8 meters of water with a helical anchor 
would cost circa £1550 per mooring for install, 
including stock deployed. Once the helical 
anchor has been deployed the expected life of 
the anchor is an excess of 15 years. Riser 
components can be exchanged when required 
after yearly inspection.

STIRLING ADVANCED MOORING



Installation of the Stirling Advanced Mooring System is performed by 
a fully registered and experienced mooring service provider and 
commercial dive team. 

Process of installation for Harbour Authorities:
1. Single point of contact for the life of the mooring with the Ocean Conservation Trust.
2. Harbour Authority to provide environmental specifics of the install location.
3. Approval of the project plan by Harbour Authority to Ocean Conservation Trust.
4. Approval of all stock deployed by Harbour Authority.
5. Installation by approved mooring contractor.
6. Annual inspection by approved mooring contractor.

Deliverables from Ocean Conservation Trust to Harbour Authority  
- Suitable fully equipped work boat.
- Installation Team
- All diving and associated equipment, in accordance with DWR 97.
- Diving project planning and risk assessment.
- Deployment of helix anchor / installation procedure (with manufacturer approval).
- Supply of all stock, following approval by Harbour Authority.
- Installation mooring assemblies.
- Annual inspection of moorings throughout the life of the mooring.
- Final recovery of helical anchors piles upon completion of ReMEDIES trial period. If required.
- Copies of all studies and publicity materials related to the mooring deployment for Harbour

Authority.

STIRLING ADVANCED MOORING

Costs of SAMS installed. 
Estimate as follows (subject to seabed composition appropriate for helix screw pile installation)

16mm riser chain assembly (appropriate for vessels up to 3500kg) £1545.50 +VAT
Helical anchor deployed to 2m / 4kn. 
20mm riser chain assembly (appropriate for vessels up to 6500kg) £1710.50 +VAT
Helical anchor deployed to 2m / 4kn.

The above assumes min of 5 moorings per order. Additional moorings in multiples of 5.
A5 Polyform net buoy on surface (excludes boat ropes and pick up buoys).

Additional 2m extensions to the screw pile supplied and installed at additional £121.65 each.

Retrospective fitting of Stirling Riser also possible to existing block and surface buoy on request.
Heavier moorings on request.  



Month: July 2016 129 

89R Screw Piles – Product Page 

SPECIFICATION DEFINITION 89R 

Wall thickness Thickness of the screw pile tube wall  9.5mm 

Torque limited The ability of the pile to transmit torque is always the limi#ng factor. This is therefore the ul#-

mate prac#cal pile install torque capacity.  
25kNm 

Ul#mate strength single helix This figure shows the load which can be supported by a single helix- most piles use mul#ple 

helixes, but if a single one has to support more load, although non standard, this can be accom-

modated. 

220kN 

Empirical torque factor Kt 

Kt m
-1

This is the “Empirical Torque Factor” expressed in metric units when torque is measured in kNm 

and force in kN. Its value decreases as pile diameter and helix plate thickness increases. This is 

due to a combina#on of skin fric#on and the energy needed to displace the soil.  

25m
-1

Pile Life/Corrosion 

In most condi#ons, provided the top 2 metres are galvanised the pile life will be in excess of 100years. Where the soil resis#vity is 

less than 10 Ohm– further steps must be taken. This means salt water, wet peat and where soils are subject to satura#on. For 

more informa#on please download the soil corrosion chat on www.abcanchors.co.uk

The es#mated life is based on the assump#on that a loss of 40% 

in thickness is acceptable without adverse effect on structural 

integrity.  The atmospheric exposed areas of the piles are coated 

with high build zinc rich coa#ng system or galvanised. There is a 

safety factor of x2 included for the anode design to take account 

of variances in corrosion condi#ons and ground resis#vity.     

Installa"on Equipment 

The 89R Anchors can be installed using the excavator mounted 2500X/XG. 

 The 2500X fits excavators from 5-10 tonne.

This machines offer torque read outs, allowing the pile capacity to be calculated 

instantly.  

2500XG 

An example of a torque reading from an installa"on:- 

A gauge reading of 25kNm means an Ul�mate Capacity of 625kN and working load of 250kN with FOC 2.5 

2500X 

Ul#mate Capacity  (un-factored) @ 25kNm torque 625kN 

Safe Working Load (2.5 FOS) @ 25Nm torque 250kN 

Tube Specifica#on EN-10210 S355 J2H 

Helix Specifica#on EN-10025 S275 JR 

Fasteners Specifica#on Metric M22 GR 8.8 

 Un-factored Load-  A Maximum load that the Pile will take before deflec"on exceeds 

standard limits  

 FOS Factor of Safety-  is the ra"o between the un-factored load and the working load 

 Safe Working Load- The actual load the pile is taking, when the building is in place 

ABC Anchors 

Stockley Road  

Heddington, Nr. Calne 

Wilts, SN11 0PS 

England 

Tel:  +44 (0) 1380 850885 

E-mail: info@abcanchors.co.uk
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Hazelett 

Homer Hill 
Hazelett Marine LLC (based in US, Homer based in France) 
Direct +33 (0)6 28 22 14 14 
hhill@hazelettmarine.com  
www.hazelettmarine.com  

Seaflex 

Robin Wilhelmsson 
robin.wilhelmsson@seaflex.net 
Sales Executive 
Seaflex AB 
Based in Sweden 

Phone +46 90 160658 
Mobile +46 76 1302058 
Web     www.seaflex.net 

Stirling Mooring System 

Mark Parry  
01752275204/07875529267 
mark.parry@oceanconservationtrust.org 

ABC Anchors (Helical screw) 

Richard Robinson CEng HonF IAgrE 
ABC Anchors 
Tel: 01380 850885 
Fax: 01380 850010 
Stockley Road, Heddington, Nr Calne 
Wiltshire, SN11 0PS 

website: www.abcanchors.co.uk 

Natural England
Jan Maclennan (National coordination for moorings deployment for Remedies project) 
02080267450/07795825996 jan.maclennan@naturalengland.org.uk  

Fiona Crouch (ReMedies project manager) 
07880432545/02080265337 fiona.crouch@naturalengland.org.uk 
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mailto:mark.parry@oceanconservationtrust.org
http://www.autoguide.co.uk/
mailto:jan.maclennan@naturalengland.org.uk
mailto:fiona.crouch@naturalengland.org.uk


Client: Natural England

Project: LIFE Recreation ReMEDIES

Revision: 03

Date: 25/05/2021



Document Number: MOR-039-RPT-001 
Revision: 03 

Page 2 of 39 

Revision History 

Rev. Date Description Prepared By Checked By Approved 

01 24/03/2021 First Draft JS JM BC 

02 28/04/2021 First issue JS BC BC 

03 25/05/2021 Second issue following
review JS BC BC 

5 Woodlane 
Falmouth 
TR11 4RG 

For all our services and deliverables, the General Terms and Conditions of Morek Engineering will apply unless 
otherwise stated in this document. Information contained in this document must be treated as of a confidential 
nature. No part of this document may be reproduced in any form, without prior written permission from Morek 
Engineering. Document uncontrolled when printed. 

© Morek Engineering 2021



Document Number: MOR-039-RPT-001 
Revision: 03 

Page 3 of 39 

Table of Contents
1. EXECUTIVE SUMMARY ........................................................................................................................ 4

2. ACKNOWLEDGEMENTS....................................................................................................................... 4

3. INTRODUCTION....................................................................................................................................... 5

3.1. Learning from Previous Work ...................................................................................................... 6

4. INPUT DATA .............................................................................................................................................. 7

4.1. Stakeholder survey ......................................................................................................................... 7

5. VESSELS ..................................................................................................................................................... 8

5.1. Vessel Sizes ...................................................................................................................................... 8

5.2. Hydrodynamic modelling .............................................................................................................. 9

6. MOORING ............................................................................................................................................... 11

6.1. Existing moorings ........................................................................................................................ 11

6.2. Advanced Mooring Systems (AMS) ....................................................................................... 13

7. ENVIRONMENTAL DATA .................................................................................................................. 16

7.1. Environmental baseline data .................................................................................................... 16

7.2. Environmental modelling parameters ................................................................................... 17

8. SIMULATION ......................................................................................................................................... 20

8.1. Baseline ........................................................................................................................................... 20

8.2. Seaflex ............................................................................................................................................. 21

8.3. Stirling .............................................................................................................................................. 22

9. RESULTS ................................................................................................................................................. 23

9.1. Water Depth = 3m ........................................................................................................................ 23

9.2. Water Depth = 5m ........................................................................................................................ 29

10. FINDINGS ........................................................................................................................................... 35

11. RECOMMENDATIONS ................................................................................................................... 36

12. ABBREVIATIONS .............................................................................................................................. 36

Appendix A – Beaufort Scale ...................................................................................................................... 37

Appendix B – Reference vessel details ................................................................................................... 38

Appendix C – Vessel RAOs ......................................................................................................................... 39



Document Number: MOR-039-RPT-001 
Revision: 03 

Page 4 of 39 

1. EXECUTIVE SUMMARY
This work, commissioned by Natural England through the Life ReMEDIES project has 
investigated the performance of a range of Advanced Mooring Systems.  The mooring 
systems have been compared to a baseline block and chain catenary system.  The main 
objective of the AMS systems is to reduce the interaction between the mooring and the 
sensitive seafloor ecosystem of UK harbours and estuaries. 

This work is presented in two sections, the first shows the results of stakeholder engagement 
with the Life ReMEDIES site leads and regional representatives.  This has enabled the 
derivation of suitable environmental input parameters for the numerical modelling.  The 
second stage involves the direct simulation of the performance of AMS systems with the 
offshore dynamics simulation software Orcaflex.  

The conclusions of this study further support the advancement of AMS systems as a means 
of protecting seabed habitats.  However, it is clear that further optimisation is necessary to 
develop a clear design guideline for specific vessel and depths combinations. 
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• Andrew Jones QHM Plymouth
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• Dale Clark Harbour Master St. Marys, Isles of Scilly

Also input from Hazelett Marine, Seaflex and Mark Parry of Ocean Conservation trust 
(Stirling mooring).
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3. INTRODUCTION
Seagrass is a flowering plant that forms a lush underwater meadow on the seabed. It’s 
populations are decreasing and are a UK habitat of principal importance. 

Seagrass beds: 

• support a diverse ecosystem which provide food and shelter for fish and other
animals, from tiny invertebrates to marine mammals and waterfowl.

• are spawning, nursery and refuge areas for fish, including commercially- important
plaice.

• stabilise the sediment with their roots.

• absorb nutrients and clean the surrounding seawater.

Mass deployment of traditional (block and chain) swing mooring systems for recreational 
craft in shallow water causes decline of such vital habitats. This is due to the scouring of the 
seabed when in contact with ground chain. The impact of this could be hugely reduced by 
employing the use of Advanced Mooring Systems (AMS) which minimise components 
contacting the seabed. 

The main objective of this work is to model the behaviour of AMS for small to mid-size 
recreational craft, allowing assessment of vessel motions and loads. The aim is to identify the 
most suitable alternative to the traditional block and chain moorings.   

This work is being conducted as part of the “Life Recreation ReMEDIES” project which is 
focused on the protection of seagrass and Maerl habitats across the south of the UK.  The 
project has regional activities in the following locations which will be used in the study: 

• Isles of Scilly (IOS)

• Falmouth

• Plymouth

• Solent

• Essex

The work follows a similar piece of work for Tevi 1, who have agreed to make the input data, 
numerical models and conclusions available to this project. It is not the intention to simply 
repeat the original scope but instead to take learning and recommendations to further 
develop the knowledge and understanding of AMS through numerical simulation.  

This report summarises modelling undertaken to compare the performance of three types of 
AMS against a traditional block and chain mooring. OrcaFlex marine dynamics software has 

1 Tevi and Morek; “Modelling of Advanced Mooring Systems in Cornish Harbours”; Spring 2021 
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been used to simulate the response of typical recreational vessels moored with three 
configurations of AMS.  These simulations account for the environmental conditions 
expected at Life ReMEDIES project sites. 

3.1. Learning from Previous Work 

Prior to the commissioning of this study a similar study has been executed under the Tevi 
program.  The work focused on the application of AMS to Cornish waters.  This fresh study 
aims to complement the findings of the Tevi work, advancing learnings from this previous 
scope.  The following section outlines the key learning points from the Tevi work: 

• Many near shore sites that use frape moorings tend to dry out. The AMS considered
are not suitable for this arrangement so these sites were excluded.

• The majority of charted water depths for AMS sites were in the range of 3-5m with
c.6m tidal range. The hazelett system was unable to cope with this large tidal
variation relative the small water depths and was hence excluded from the dynamic
analysis.

• The maximum significant wave height used was 1m although this provided very high
cleat loads in some cases, and may be conservative for summer deployments,
particularly as in sites that experience such conditions, the owners would tend to
remove vessels from their moorings. The environmental load cases will be revisited
and expanded for this study to provide a wider range of operating conditions.

• The majority of vessels from the stakeholder survey were in the length range 5-10m,
which resulted in selection of 10-12m vessels for the modelling. An additional
smaller vessel class will be included in this study.
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4. INPUT DATA

4.1. Stakeholder survey 

To assess the performance of the AMS it was first necessary to characterise the likely regional 
considerations to their site-specific deployment.  This involved collating input data from 
representatives across the range of sites include in the Life ReMEDIES project. To achieve 
this a basic baseline survey was generated and undertaken in the form of direct 
correspondence with local representatives. The main objectives of the survey were to. 

• determine the status of existing small boat moorings.

• gain relevant input environmental conditions; and

• to gauge interest in deployment of AMS.

All the authorities and marinas that were contacted provided valuable input into the study. 
General survey feedback is shown below, and more detailed feedback on environmental 
conditions, vessel sizes and mooring types follows throughout the report in Sections 5.1, 6.1 
and 7.1. 

General feedback 

Feedback from harbours showed that charted depths were generally in the range 0m to 5m 
with peak tidal range of around 6m. The wave climates were also similar throughout with 
summer wave heights in the region 0.5m – 2m and annual wave heights 0.5 to 2.5m. Most 
harbours did not report on previous experience of using AMS however Yarmouth stated that 
the length of multiplait rope, acting as the bottom fixing on the Seaflex system, was at risk of 
chaffing and as such they find it unsatisfactory and would not wish to place a customer’s 
vessel on the mooring. 

It is noted that MCS (Marine Conservation Society) and NMA (National Marine Aquarium) 
have already conducted some practical trials at the Cawsand bay project site.  This work has 
been conducted within the ReMEDIES project; however, at the time of writing no direct 
detailed feedback has been available.  
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5. VESSELS

5.1. Vessel Sizes 

Figure 1 shows the relative ratios of vessel length at the harbours. Plymouth, as expected 
with access to deeper waters, has the largest proportion of over 10m vessels. In general, 
most vessels throughout are in the range 5 – 10m.  No response for the Essex site was 
provided. 

Figure 1: Percentage of vessel sizes 

The feedback from the harbours in Figure 1 shows that it is worth considering a smaller 
vessel class than those previously considered in the precursor Tevi Study.  As such an 
additional, smaller displacement vessel has been considered for both the motor launch and 
sailing vessel selected for the previous work.  Further details of the original selection of 
vessel can be accessed at this website; https://tevi.co.uk/wp-
content/uploads/2021/03/Tevi-Modelling-of-Advanced-Moorings-in-Cornish-Harbours.pdf. 

The original larger two vessels are unchanged from previous work; the smaller vessels are in 
turn scaled from these. 

• Motor Launch –

o 10.2m (33ft) cabin cruiser, with a draught of 0.8m and displacement of 10te

o 5.1m (17ft) cabin cruiser, with a draught of 0.4m and displacement of 1.25te
• Sailing Vessel –

o 12m (40ft) yacht, with a draught of 2m and displacement of 6te

o 6m (40ft) yacht, with a draught of 1m and displacement of 0.75te

https://tevi.co.uk/wp-content/uploads/2021/03/Tevi-Modelling-of-Advanced-Moorings-in-Cornish-Harbours.pdf
https://tevi.co.uk/wp-content/uploads/2021/03/Tevi-Modelling-of-Advanced-Moorings-in-Cornish-Harbours.pdf
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Figure 2: Images of selected vessels 

5.2. Hydrodynamic modelling 

Similarly, to the precursor Tevi report the additional vessels have been assessed to develop 
hydrodynamic representations as required in the numerical modelling. The vessel response 
was characterised in two ways: 

• Diffraction analysis to define the vessel response to 1st and 2nd order wave loading.

• Morrison’s drag coefficients to define the vessel response to current and wind drag.

Panel meshes for the smaller vessels were generated in Rhino 3D, with mass and inertia 
properties also scaled from the original larger vessels. The diffraction analysis was performed 
in Orcina’s OrcaWave software, which interfaces directly with OrcaFlex, reducing the 
uncertainty typical of importing this type of data into OrcaFlex. Figure 3 shows the 4 vessels 
considered in this study. 
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Figure 3: Vessel outlines for Large and small versions of the vessels (RHS -Sailing Yacht and LHS-Motor Launch) 

The output of this analyis is a hydrodynamic database, consisting of hydrodynamic added 
mass and damping matrices, load RAOs (Response Amplitude Operators), displacement 
RAOs and Quadratic transfer functions, all of which are required to characterize the effect of 
the wave climate on the vessel.  

Note that for the purpose of this study, no validation has been conducted on this analysis as 
it was not possible within the scope and budget. It would be recommended to vaildate the 
response models against tank test or full scale data. 

https://www.orcina.com/webhelp/OrcaWave/Content/html/Results,Addedmassanddamping.htm
https://www.orcina.com/webhelp/OrcaWave/Content/html/Results,Addedmassanddamping.htm
https://www.orcina.com/webhelp/OrcaWave/Content/html/Results,LoadRAOs.htm
https://www.orcina.com/webhelp/OrcaWave/Content/html/Results,DisplacementRAOs.htm
https://www.orcina.com/webhelp/OrcaWave/Content/html/Results,DisplacementRAOs.htm
https://www.orcina.com/webhelp/OrcaWave/Content/html/Results,Quadraticloads.htm
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6. MOORING

6.1. Existing moorings 

There are three main types of moorings currently seen across the surveyed harbours. These 
include: Block and chain moorings, frape moorings and Trot moorings, as shown in Table 1. 

Location Existing mooring types Number of moorings

Plymouth
Mainly block and chain, some AMS 

(for ReMEDIES project)
2500 Block and chain 
45 licenses for AMS

Falmouth Block and chain, Some trot
600 Block and chain 

36 Trot

Isle of White / 
Solent

Block and Chain, Pontoon, Quay 
wall, Some trot

166 block and chain 

Unclear on others

Essex
Limited response but many sites 
suitable for a range of moorings

N/A

Isles of Scilly All block and chain 216

Table 1: Existing moorings summary 

The following sections describes these mooring types and the technical details of how they 
are configured across the sites. 

Block and Chain (baseline) 

The most common mooring arrangement used in the harbours assessed in this study is a 
block and chain, as shown in Figure 4, also known as a “swing mooring”. This arrangement 
uses a concrete or granite block as a gravity anchor with a chain catenary connected to a 
surface buoy. The catenary chain has two functions:  

• To produce a spring effect, meaning the mooring arrangement can tolerate the
difference in water depth between low and high tides, and provide a stiffness to the
mooring keeping the moored vessel within a given range around the anchor point.

• To reduce any uplift of the mooring block. As such, the chain rests on the seabed after
leaving the block, its weight ensures that the concrete block is only ever subject to
horizontal loading.  The single point attachment allows the vessel to weathervane,
typically with the tidal flow direction but can be dominated by strong wind, especially
for shallow draft vessels. This action causes the portion of chain in contact with the
seabed to scour as it drags along the seabed with the changing loads on the moored
vessel, invariably this occurs with every tidal cycle.
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The block and chain will be used as a point of comparison for the analysis and will be known 
as the ‘baseline’. 

Figure 4: Block and chain mooring arrangement. 

For example, at St. Mary’s, a typical block and chain will be constructed as follows. 

Anchor    - 200kg gravity anchor 

Riser     - 7.5m x 16mm riser chain  

Surface buoy    - 600mm diameter hard buoy 

Rode to Vessel  - Vessel owner supplied.  

Trot Mooring 

A trot mooring differs from a swing mooring in that instead of using a heavy ground anchor a 
heavy ground chain is laid between two granite blocks, this allows two chain risers per vessel 
to provide fore and aft connection points, this ensures moored vessels maintain station and 
heading throughout the tide and are typically used for larger vessels and preferred in 
constrained waterways with current. 

The swing type aspect of the Trot mooring the interaction with the seabed is limited, there is 
much less scope for the heavy ground chain to move if laid straight and with large gravity 
anchors on either side.  The Trot has not been specifically considered in this study. 

Frape Mooring 

Frape moorings are used to connect smaller vessels to shore based anchors and as such are 
in shallow water and tend to dry out. They are more suited to tenders and small motor craft. 
They also typically have little or no interaction with the seabed other than the direct axial 
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running of the line when the vessel is pulled to shore or sent back to moor.  As a result, they 
have not been considered in this study. 

Pontoon / Quay Wall Mooring 

As the name suggests pontoon and quay wall moorings are dedicated connections to fixed 
structures in a marina and as such have no or minimal interaction with the seabed, however 
AMS components may be used on floating pontoons as a method to cope with tidal 
variation. These types of moorings have not been considered in this study. 

6.2. Advanced Mooring Systems (AMS) 

This section outlines the AMS considered in the scope of this study, the technical details of 
the mooring components were provided by the suppliers. 

Hazelett 

The Hazelett Conservation elastic mooring system is a commercially available product 
manufactured and supplied by the American firm Hazelett Marine.  The Hazelett system uses 
an elastic rode component to provide a spring between the surface buoy and anchor (Figure 
5). Although a spar is pictured in the marketing material, discussions with Hazelett have 
concluded that a traditional hippo type buoy (same as baseline) or Norfloat would be more 
appropriate for the conditions in this study.  

The surface line (for vessel connection) can be equivalent to that used in a typical block and 
chain mooring, with the length specified by the boat owner or marina. 

Traditional gravity anchors can be used, with the overall mooring loads expected to be less 
than a catenary mooring. The preference is however, for Screw/Helical pile anchors, for two 
reasons: firstly, they have minimal impact on the seabed due to the small amount of 
interaction; and secondly, they are more suited to vertical loading, whereas a gravity anchor 
gains an advantage through the friction on the seabed. 

During technical discussions Hazelett have indicated that a large tidal variation in shallow 
water depth would result in a situation where the downline could be close to or at the water 
surface at low tide. Ultimately this results in mooring components exposed to passing vessel 
propellers, which poses unacceptable risk. As all the sites in this study possess this trait, the 
Hazelett system has been excluded from the analysis.  
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Figure 5: Hazelett mooring arrangement 

Seaflex 

Seaflex is a Swedish supplier of the similarly named product Seaflex AMS. The main part is a 
reinforced homogeneous rubber hawser. The system also includes a specific buoy type.  The 
buoy incorporates a stiff arm at the top for connecting the surface line and at the bottom 
where a short sling joins to the top of the elastic rode. A length of synthetic line connects the 
rode to the anchor (Figure 6). The arrangement differs to that of the Hazelett in that the elastic 
rode is closer to the surface, whereas in the Hazelett system the rode is connected directly to 
the anchor. The Seaflex rode has novel elastomeric qualities, captured in modelling but not 
presented due to commercial sensitivity. 

The surface line (for vessel connection) can be equivalent to that used in a typical block and 
chain mooring, with the length specified by the boat owner or marina. 

It is possible to use either traditional gravity anchors or screw type anchors with the Seaflex 
arrangement, with preference to the helical screw due to the lack of interaction with the 
surrounding seabed. 
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Figure 6: Seaflex mooring arrangement 

Stirling 

The Stirling system provides the least change from the baseline in terms of construct. The 
rode itself is plain chain however rather than acting as a typical catenary with a section of 
ground chain, a series of small buoys or floats are attached along the length, keeping the 
chain suspended in the water column (Figure 7).  In this instance, the buoyant properties 
replace the effect of the mass of chain in the plain catenary, but still providing similar a spring 
effect but without interaction with the seabed.  

As with the other AMS systems, the surface line (for vessel connection) can be equivalent to 
that used in a typical block and chain mooring, with the length driven by the boat owner or 
marina. Also, either traditional gravity anchors or helical screw anchors can be used.  

Figure 7: Stirling mooring arrangement 
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7. ENVIRONMENTAL DATA

7.1. Environmental baseline data 

Table 2 summarises environmental data for the harbours gathered via stakeholder surveys. 

Plymouth Falmouth 
Isle of 

White / 
Solent 

Essex 
Isles of 
Scilly 

Depths 1 to 5m 0.5 to 5.6m 0.5 to 2.8m 0 to 7m 0 to 2.8m 

Tidal range 5.5 6 3.5 5.9 6 

Sheltered Wind 
direction 

N, W, SW All except E W, SW, E, SE W NE, SW 

Exposed Wind 
direction SE E NW, NE E W, N 

Significant Tidal 
current 0.5 0.5 2 0.5 0.25 

Principle ebb and 
flow directions 

S (Ebb) 
N (Flood) 

SE (Ebb) 
NW (Flood) 

N (Ebb) 
S (Flood) 

E (Ebb) 
W (Flood) 

W (Ebb) 
E (Flood) 

Summer Wave 
height 

0.5 Unknown 0.9 0.75 2 

Summer Wave 
period 

10 Unknown 6 Unknown 5 

Annual Extreme 
Wave Height 

1.5 Unknown 1.5 0.5 2.5 

Annual Wave period 8 Unknown 6 Unknown 5 

Most common Wave 
direction W E W W, E W 

Table 2: Feedback from stakeholder engagement 
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7.2. Environmental modelling parameters 

The environmental data used in the simulations has been derived to reflect the responses 
from harbours and marinas. Across the five sites considered, the water depths and extreme 
tidal ranges will be used. Two sets of load cases have been derived for the purpose of this 
study. 

• Benign – The benign case represents a realistic seasonal maximum (termed the 
‘benign’), this load case represents the most likely conditions for a pleasure craft sat 
at a mooring throughout the summer boating season (May to September). 

• Energetic – The energetic load case is a more extreme scenario, more likely to 
represent the likely peak loads for a permanently moored vessel experiencing all four 
seasons.  This case will provide a more conservative set of load cases and help to 
understand the limits of the mooring systems.  

It is important to note that these conditions are deemed representative, they are not a result 
of detailed oceanographic simulation or data collection and as such should be approached 
with due caution. 

Tidal Elevation 

The charted depths suitable for swing moorings across the four 
sites range from 3m to 5m, with a tidal range of +6m. This has 
been distilled into two base cases for water depth, each with two 
variations of tidal range, these will be applied across benign and 
energetic load cases. 

 
Figure 8: Tidal elevation and range 

 

Surface Current Speed 

The maximum surface current speed expected on any of the sites is 0.5m/s (c.1kt), which will 
be selected for the energetic load cases whereas the benign load cases will consider a 
current speed of 0.1m/s (c.0.2kt). 

Wind 

The energetic wind climate is classed as a beaufort force 7-8 or near gale to gale (see 
Appendix A – Beaufort Scale), with a sustained wind speed of 18.5m/s (c.37kt). The benign 
wind climate will be defined as a beaufort force 3 or a gentle breeze, with a sustained wind 
speed of 5m/s (c.10kt). 
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Wave 

A range of wave conditions have been assessed, for both the benign and energetic load case 
sets three wave heights have been assessed.  These heights have been paired with wave 
periods derived from wave steepness values of 1/60 and 1/50 respectively. Figure 9 shows 
all Hs Tp combinations for both load case sets as stated below;  

• Benign load cases: Hs = 0.25m, 0.5m and 0.75m (1/60 steepness)

• Energetic load cases: Hs = 0.75m, 1.0m and 1.25m (1/50 steepness)

Figure 9: Sea states  
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Load cases 

The following load case table shows a concise summary of representative environmental 
conditions for the assessment of the AMS systems.  The load cases cover combinations of 
the following; 

• 2 Charted depth cases (3 and 5m)

• 2 tidal range scenarios (0 and +6m)

• 1 set of current and wind strengths, remaining static throughout.

• 3 Significant wave heights with corresponding wave periods

These variables generate a total of 24 individual load cases to be used in the analysis, as 
shown in Table 3. 
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BEN_1.1 3 0 0 0.25 3.1 5.0 
BEN_1.2 3 0 0 0.50 4.4 5.0 
BEN_1.3 3 0 0 0.75 5.4 5.0 
BEN_2.1 3 6 0 0.25 3.1 5.0 
BEN_2.2 3 6 0 0.50 4.4 5.0 
BEN_2.3 3 6 0 0.75 5.4 5.0 
BEN_3.1 5 6 0 0.25 3.1 5.0 
BEN_3.2 5 6 0 0.50 4.4 5.0 
BEN_3.3 5 6 0 0.75 5.4 5.0 
BEN_4.1 5 6 0 0.25 3.1 5.0 
BEN_4.2 5 6 0 0.50 4.4 5.0 
BEN_4.3 5 6 0 0.75 5.4 5.0 
ERG_1.1 3 0 0 0.75 4.9 18.5 
ERG_1.2 3 0 0 1.00 5.7 18.5 
ERG_1.3 3 0 0 1.25 6.3 18.5 
ERG_2.1 3 6 0 0.75 4.9 18.5 
ERG_2.2 3 6 0 1.00 5.7 18.5 
ERG_2.3 3 6 0 1.25 6.3 18.5 
ERG_3.1 5 6 0 0.75 4.9 18.5 
ERG_3.2 5 6 0 1.00 5.7 18.5 
ERG_3.3 5 6 0 1.25 6.3 18.5 
ERG_4.1 5 6 0 0.75 4.9 18.5 
ERG_4.2 5 6 0 1.00 5.7 18.5 
ERG_4.3 5 6 0 1.25 6.3 18.5 

Table 3: Load cases for dynamic analysis 
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8. SIMULATION
The numerical modelling has been undertaken with the marine dynamics software Orcaflex, 
the world’s leading package for the dynamic analysis of offshore marine systems, regularly 
used for the design and analysis of moorings.   

Models were generated for each of the AMS arrangements in the OrcaFlex user interface, 
capturing the following attributes of the systems: 

• Vessel response characteristics: from the diffraction analysis detailed above.

• Behaviour of the buoys: hydrostatics and hydrodynamics.

• Behaviour of the chain and synthetic lines: structural stiffness and hydrodynamics.

• The anchor is assumed as fixed, with the end of the line attached to a point on the
seabed, the loads will be reported for consideration of anchoring technologies.

The dynamic simulations were run for 3600seconds (60 minutes). The following 
environmental conditions were applied: 

• Tidal current and wind: applied as a constant static load on the vessel and mooring
components.

• Wave conditions: Pierson Moskovitz wave spectra with peak shape parameter, γ = 1,
the same seed has been used for each environmental case throughout, resulting in
identical wave trains for each mooring arrangement.

8.1. Baseline 

The baseline model has been setup with a varying length of catenary chain for each charted 
depth.  The catenary accommodates the tidal variation and allows for a small amount of chain 
to always be in contact with the seabed, even at the deepest condition.  The ground chain 
ensures this type of system only applies horizontal loading to the anchor itself. Exact details 
of the specific lengths were not provided by individual harbours, as such a suitable 
configuration has been designed to suit the range of depths in this study.  The arrangement 
uses the mooring components shown in Table 4 and illustrated in Figure 10.  

Item Description Type Diameter (mm) Length (m) 
1. Catenary chain Studlink chain 30 Varies 
2. Surface buoy Norfloat or similar 800 - 
3. Surface line Nylon multistrand 40 4 

Table 4: Mooring component Bill of Materials (BOM) - Baseline 
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Figure 10: OrcaFlex model setup (left: motor launch, right: sailing vessel) – Baseline 

8.2. Seaflex 

The Seaflex model has been setup with a 2-hawser bypass system, like the Hazelett system 
although provided as a single product. The hawser is connected to the bottom of the buoy (via 
a short sling) unlike the Hazelett system which connects directly to the anchor. A small float 
is attached approximately halfway down the riser, allowing the system to accommodate the 
tidal variation. The arrangement uses the mooring components shown in Table 5 and 
illustrated in Figure 11.  

Item Description Type Diameter (mm) Length (m) 
1. Riser section Nylon multistrand 40 Varies 
2. Submerged float 9.8L trawl float - - 
3. Elastic rode Seaflex product - 2
4. Sling Nylon multistrand 40 0.5 
5. Surface buoy Seaflex product 600 - 
6. Surface line Nylon multistrand 40 4 

Table 5: Mooring component Bill of Materials – Seaflex 
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Figure 11: OrcaFlex model setup (left: motor launch, right: sailing vessel) - Seaflex 

8.3. Stirling 

The Stirling model has been setup with a varying length of catenary chain for each charted 
depth, which is lighter than that of the baseline, and incorporates small trawl floats attached 
along its length. The arrangement uses the mooring components shown in Table 6 and 
illustrated in Figure 12.  

Item Description Type Diameter (mm) Length (m) 
1. Riser chain Studlink chain 20 Varies 
2. In line buoyancy Trawl floats 280 - 
3. Surface buoy Norfloat or similar 700 - 
4. Surface line Nylon multistrand 40 4 

Table 6: Mooring component Bill of Materials - Stirling 

Figure 12: OrcaFlex model setup (left: motor launch, right: sailing vessel) – baseline 
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9. RESULTS
This section outlines the results from the dynamic analysis. The results have been reported 
as per each charted water depth, representing the range of harbours considered in this study. 

9.1. Water Depth = 3m 

This water depth represents the shallower moorings at Plymouth, Falmouth and Essex as well 
as the deeper moorings at Isle of Wight, Solent and Isles of Scilly. 

Mooring Stiffness 

The following plots show the tension in the surface line each of the mooring arrangements 
with respect to excursion from the anchor point.  The stiffness of the system is noted as the 
gradient of these curves. Figure 13 shows the stiffness of the Stirling and baseline are similar, 
showing a similar increase in force for a given extension.  The Seaflex system shows a greater 
extension for a given force, hence a lower overall stiffness. 

Figure 13: Mooring stiffness plots (left: 3m depth, right: +6m tidal elevation) 
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Excursions 

The graph below shows the maximum horizontal excursion of the vessels when connected to 
the AMS at the low tide condition (providing greater excursions than the high tide condition). 
As stated above it is accepted that the baseline catenary chain length is unknown, so this 
comparison must be treated with caution, however there will be saving in watch circle as 
there is no requirement for ground chain for any of the AMS. 

 
Figure 14: Max vessel excursion, depth = 3m, benign load cases 

 
Figure 15: Max vessel excursion, depth = 3m, energetic load cases 
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Vessel Motions 

In general, the response of the vessel when connected to the AMS was very similar to that of 
the baseline. The plots below show a snapshot of time from the 5m motor launch at 3m water 
depth with Hs=0.5m and Tp=4.4s, a case that is anticipated occur frequently. The heave and 
pitch show good correlation between the AMS and the baseline, there are some events when 
the baseline system shows slightly greater surge response. 

 

 

 
  



    
 

Document Number: MOR-039-RPT-001 
Revision: 03 

 

Page 26 of 39 

 

 

Mooring Loads 

The anchor tensions are reported as the resultant load acting in line with the mooring leg at 
both the anchor and cleat end of each mooring.  The precision of these loads should be 
treated with caution, without the opportunity to validate vessel hydrodynamic characteristics 
it is only possible to use this output as representative in the sense of absolute values.  The 
output is however a suitable comparator between the three systems. 

Benign Load Cases -  

 

  
Figure 16: Mooring loads for the smaller vessels, d=3m (left = anchor tensions, right = cleat tensions) 
 
 

  
Figure 17: Mooring loads for the larger vessels, d=3m (left = anchor tensions, right = cleat tensions) 
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Shallow water benign cases both AMS produced lower peak loads than the baseline, except 
for the larger vessel anchor tension in smaller sea states. 

Cleat tensions were in the order of magnitude of 50-250 kg and greatest for the baseline 
system. 

Anchor tensions approximately similar for the AMS systems (peak 80kg) and approximately 
double for the baseline catenary (peak 160kg) 

The cleat loads were approximately double for the larger displacement vessel, showing a 
similar relationship for each mooring system, the baseline exhibiting the highest peak loads. 

The anchor loads show slight differences for the larger displacement vessel, the chain system 
still shows the highest peak value (700kg) however the Stirling system also shows a high peak 
in the intermediate wave height (300kg). 

When compared to the motor yacht the sailing vessel tends to demonstrate higher overall 
loads for the Stirling system, conversely the sailing vessel shows lower loads for the chain 
baseline. 

 

Energetic Load Cases -  

 

  
Figure 18: Mooring loads for the smaller vessels, d=3m (left = anchor tensions, right = cleat tensions) 
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Figure 19: Mooring loads for the larger vessels, d=3m (left = anchor tensions, right = cleat tensions) 
 

The peak tension values for the energetic simulations are significantly higher (as expected) 
than the benign cases.  The Stirling system with the motor launch consistently produces the 
highest peak loads at both anchor and cleat for both vessel sizes.  The Seaflex system with 
the sailing vessel offers the lowest peak tensions with the sailing vessel over both vessel sizes. 

  



    
 

Document Number: MOR-039-RPT-001 
Revision: 03 

 

Page 29 of 39 

 

 

9.2. Water Depth = 5m 

This water depth represents the deeper moorings at Plymouth, Falmouth and Essex.  The 
results are presented in the same format as those of the 3m depth, against vessel size and 
load case energy levels. 

Mooring Stiffness 

As seen in the shallow water depths the stiffness of the Stirling and baseline catenary are 
similar, with the Seaflex again showing a lower gradient and higher overall excursion for a 
given force.  The deeper water scenario provides less overall tension from the Stirling system 
but equivalent stiffness values. 

  

Figure 20: Mooring stiffness plots (left: 5m depth, right: +6m tidal elevation) 
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Excursions 

The graph below shows the maximum horizontal excursion of the vessels when connected to 
the AMS at the low tide condition (providing greater excursions than the high tide condition). 
As stated above it is accepted that the baseline catenary chain length is unknown, so this 
comparison must be treated with caution, however there is a clear saving in watch circle as 
there is no requirement for ground chain for any of the AMS. 

 
Figure 21: Max vessel excursion, depth = 5m, benign load cases 

 
Figure 22: Max vessel excursion, depth = 5m, energetic load cases 
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Vessel Motions 

Like the lower depth simulations, the overall response of the AMS systems is similar to that 
of the baseline. The plots below show a snapshot of time from the 12m sailing vessel at 5m 
water depth with Hs=0.25m and Tp=3.1s, a case that is anticipated occur frequently. The 
amplitude of the motions shows good correlation between the AMS and the baseline, 
although they are generally out of phase. 

 

 

 
Figure 23: Time-history vessel motions (top: surge, middle: heave, bottom: pitch)  
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Mooring Loads 

The following figures show the overall peak loads outputs from the simulations, presented in 
the same format as the lower depth load sets.  

Benign Load Cases -  

  
Figure 24: Mooring loads for the smaller vessels, d=5m (left = anchor tensions, right = cleat tensions) 
 
 

  
Figure 25: Mooring loads for the larger vessels, d=5m (left = anchor tensions, right = cleat tensions) 
 
The AMS systems show a significant reduction in overall cleat tension across all simulations 
for the smaller vessel, the Seaflex system appears to produce the lowest loads, with least 
overall variation across the range of wave heights. 
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The cleat relationships are broadly matched with the larger vessel, again with the baseline 
generating the largest peak load and the Seaflex resulting in the lowest peak loads. 
 
The anchor tensions appear to be broadly similar for the Seaflex and the chain catenary, the 
Stirling system shows lower overall anchor loads. 
 
The anchor loads are less clear with the larger vessel simulations, these show the Stirling 
mooring to provide the largest loads.  There is not a clear distinction between the baseline 
and Seaflex systems. 
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Energetic Load Cases -  

  
Figure 26: Mooring loads for the smaller vessels, d=5m (left = anchor tensions, right = cleat tensions) 
 
 

  
Figure 27: Mooring loads for the larger vessels, d=5m (left = anchor tensions, right = cleat tensions) 
 
The energetic load cases show that for both the small and large vessel simulations the 
Stirling mooring provides the highest cleat and anchor loads at the deeper water depth.  
Peak loads for the larger motor vessel around 6 tonnes, compared to the Seaflex and 
baseline which are around 1 tonne at both cleat and anchor.  The smaller motor vessel on 
the Stirling system shows 1.2 tonne loads at cleat and anchor.   
The Seaflex system performs well for both the vessel sizes, showing a larger advantage in 
peak loads for the smaller vessel.  
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10. FINDINGS 
 
The general findings from the work show that there are significant opportunities for the 
proposed AMS systems to match and exceed the performance of the baseline chain 
catenary systems.  The AMS systems show the capability of providing equivalent or in some 
cases reduced overall peak loads at a reduced excursion. 
 
As with mooring designs of larger offshore systems there is a significant difference in the 
function of the systems when comparing the benign operating conditions with those of the 
extreme event or energetic conditions.  This challenges the designer to accommodate the 
demands of the extreme conditions whilst maintaining a modest component specification. 
 
A key observation from the study is that there is no clear front runner, both the Stirling and 
Seaflex systems have their advantages and disadvantages over the Baseline. Both systems 
provide smaller excursions resulting in the potential for increased packing density, and 
there is no significant difference in the vessel motions. However, when considering the cleat 
and anchor tensions it is difficult to distinguish a favourable mooring spread, this varies 
dependant on water depth, vessel size and operating regime (i.e. benign and energetic). The 
limitations of this study are such that a relatively small number of permutations of variables 
were considered, a more detailed assessment may provide a suitable data set to draw a 
conclusion with greater confidence. 
 
All the sites considered in the study contained mooring locations that were represented by 
the 3m water depth. At these sites, the benign cases provided anchor and cleat loads of less 
than 1tonne and the energetic generally up to around 2tonne apart from some extreme 
cases. Plymouth, Falmouth and Essex contain deeper mooring locations which are 
represented by the 5m water depth. At this depth the anchor and cleat loads for the benign 
cases are all below 0.5tonne whereas the energetic cases are generally below 2tonne, again 
with some extreme cases providing much greater values. 
 
Stirling system – 
The Stirling system seems consistent in the capability to efficiently moor both vessels in the 
benign conditions with the lowest peak loads.  However, the system has difficulty in 
maintaining this performance in the energetic sea states.  The Stirling produced the largest 
cleat loads for both depths during these energetic simulations.  It is suggested that the 
system might benefit from further refinement.  An optimisation of the position and size of 
the buoyancy would be beneficial.  It is expected that a graduation of overall buoyancy along 
the mooring line might be beneficial in creating more favourable stiffness characteristics for 
the two operating regimes. 
 



    
 

Document Number: MOR-039-RPT-001 
Revision: 03 

 

Page 36 of 39 

 

 

Seaflex – 
The Seaflex system has performed well in most simulations. It appears that the specific 
arrangement modelled in this work shows a better overall performance when mooring the 
larger of the two vessels.  It is suggested that the smaller vessel mooring might benefit from 
re-sizing of the elastic rode and could provide gains in overall cleat and anchor load 
reduction. 

11. RECOMMENDATIONS 
One clear output from this and previous work is that there is a requirement for further work 
to optimise the AMS systems, whilst this study has shown promise for the technical merits 
of the AMS a direct and prescriptive set of guidelines is required to specify the exact 
arrangement of the AMS systems. 
   
The overall absolute values of loads in this work appear to be slightly conservative, to 
determine more precise values a field trial campaign is recommended.  Such a study would 
focus on the validation of the hydrodynamic assumptions of the input vessels, monitoring of 
the onset environmental conditions and also direct instrumentation of the mooring system. 

12. ABBREVIATIONS 
Acronym Definition 
ABC Helical pile supplier 
AMS Advanced Mooring System 
BOM Bill of Materials 
ERDF European Regional Development Fund 
IOS Isles of Scilly 
IOW Isle of Wight 
LCB Longitudinal Centre of Buoyancy 
LHS Left Hand Side 
MCS Marine Conservation Society 
NMA National Marine Aquarium 
QHM Queen's Harbour Master 
RHS Right Hand Side 
RPT Report 
TBC To Be Confirmed 
VCB Vertical Centre of Buoyancy 
VCG Vertical Centre of Gravity 
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Appendix A – Beaufort Scale 
 

 
Table 7: Beaufort scale 
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Appendix B – Reference vessel details 
The table below shows a breakdown of the vessel input parameters used in the analysis. 

 
Parameter Description Motor 

Launch 
10.2m 

Motor 
Launch 
5.1m 

Sailing 
yacht 12m 

Sailing 
yacht 6m 

Units 

Length Length (Overall) 10.2 5.1 12 6 m 

Beam Molded Beam 4.22 2.11 3.375 1.69 m 

Draft 
Baseline to 

waterline vertical 
length 

0.8 0.4 2 1 m 

Cb Block Coefficient 0.3398 0.3398 0.103 0.103 n.d 

Δ Displacement Mass displacement 10.09 1.26 6.037 0.75 tonne 

Table 8: Vessel input parameters 
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Appendix C – Vessel RAOs 
The below show the displacement RAOs (at 0deg wave heading) for each vessel. 

Figure 28: Motor launch displacement RAOs at 0deg 

Figure 29: Sailing yacht displacement RAOs at 0deg 
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