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1.0  GLOSSARY

Antifoulant

Biocides

Benthic fauna

Breakout force

EFM

Elastometric

Epiphytic biota

GCWA

Embedment anchor

Hawser

Laminar flow

Nutrient regimes

Rode

Sand waves

Scope

Species abundance

Formulated paints or coatings which are intended to prohibit the growth and
accumulation of microorganisms, plants, algae or animals (i.e. biological
fouling), typically utilised on vessel.

Chemical substances which deter or exerts a controlling effect on targeted
organisms by chemical or biological means. These are typically utilised on
vessel hulls to deter biological fouling.

Organisms associated with the seabed, either living on the surface
(epifauna) or within the sediment (i.e. infauna). Example benthic fauna
includes, mussels, snails, crabs and worms, etc.

The magnitude of force needed to cause complete withdrawal of an object
(e.g. anchor) embedded in sediments in the seabed.

Environmentally friendly mooring

An elastic substance occurring naturally, as natural rubber, or produced
synthetically, such as butyl rubber.

Any organisms that grow on the blades of seagrasses, including algae,
diatoms, and other encrusting organisms

Gold Coast Waterways Authority

An anchor system which is embedded in the seabed under a charge of
power, hydrostatic or pneumatic pressure.

Thick rope or cable used in mooring or towing vessels.

Non-turbulent motion of a fluid in which parallel layers have different
velocities relative to each other.

Nutrient regimes include chemical and biological processes, recycling,
uptake, exchanges, assimilation, etc. involving nutrients.

The line or chain that extends from the seabed anchor to the vessel on the
sea surface when moored or anchored.

Sand waves, or sand ridges, are large ridgelike structures on the seabed
which resemble a water wave that is formed by hydrodynamic conditions
and sediment transport processes.

The ratio of the length of the mooring/anchor rode to the water depth
(distance from the bow tie-off point to seabed)

The number of individuals per species.

Q0294 / 18July 2014
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Species composition

Species diversity

The identity of all the different organisms that make up a community.

The measure of the diversity within an ecological community that
incorporates both species richness (the number of species in a community)
and the evenness of species abundance.
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2.0 INTRODUCTION

2.1 Project Background

The Gold Coast Waterways Authority (GCWA) was established in December 2012 by the Gold Coast
Waterways Authority Act 2012 to strategically plan for, facilitate and manage the development and use of the
Gold Coast waterways. The primary purposes for establishing the GCWA were to:

= deliver the best possible management of the Gold Coast waterways at reasonable cost to the
community and government, while keeping government regulation to a minimum;

= plan for and facilitate the development of the Gold Coast waterways over the long term in a way
that is sustainable and considers the impact of development on the environment;

= improve and maintain navigational access to the Gold Coast waterways;
= develop and improve public marine facilities relating to the Gold Coast waterways; and
= promote and manage the sustainable use of the Gold Coast waterways for marine industries,

tourism and recreation.

A review of the way buoy moorings installed, used and managed on the Gold Coast was a major issue raised
in the ‘Gold Coast Waterways Management Strategy 2014-2023’ (the Strategy). Results from consultation on
the Strategy in 2013 identified this review as an important and urgent step in delivering the best possible
management of the Gold Coast waterways.

A review of current available mooring infrastructure technology types was undertaken to initiate discussions
with regard to future vessel mooring infrastructure options and arrangements within the Gold Coast
waterways.

2.2 Project Description

This report identifies and outlines available mooring infrastructure technology types with regard to coastal
waterway vessels and describes relevant aspects of each of the identified technologies. Descriptions and
comparisons of each infrastructure technology were made in order to provide Gold Coast Waterways
Authority with a review to explore options for:

= Improved environmental performance;
= Improved vessel access (through increased mooring density); and

= Improved management arrangements.

Q0294 / 18July 2014 Page 10
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3.0 METHODOLOGY

In order to identify and outline available mooring infrastructure technology types with regard to coastal
waterways, a review of literature and current understandings was undertaken. This was achieved by
conducting topical literature search exercises utilising primary, secondary and commercially-derived literature
sources, in addition to anecdotal/opinion-based sources (e.g. both in written form and personnel
communications). Gathered information was utilised to prepare descriptions and accounts of identified
mooring infrastructure technology, which were compared both directly and through the implementation of a
decision matrix (for comparative purposes) based on selected characteristics (parameters) of each mooring
system.

3.1 Literature Sources

Literature searches were done both electronically through search engines on the world wide web and library
catalogue searches to obtain relevant information.

3.2 Personal (Email/Telephone) Communications
Correspondences with personnel/entities demonstrating expert knowledge, opinions and experience with
regard to the use of buoy mooring infrastructure technology both locally, regionally and nationally was

sought. Communications/enquiries with the following people/companies were pursued:

Mooring Infrastructure Technologies (examples):

= Joel Bolzenius (Community Partnerships Manager — Redlands, Bay, & Islands, SEQ
Catchments)

= Jack Hannan (Transport for NSW)

= Greg Hill (Cape Marine Systems)

= Jody Waters (Waters Marine Pty Ltd)

= Matt Jones (Policy Manager, Transport for NSW)

= Rob Jackson (Marine Civil Contractors)

= Russell Northcott (Marine Facilities Coordinator, Rottnest Island Authority)
= Anchor Loc Australia Pty Ltd

For a full listing see Section 10.0 for personal communications schedules.

Insurance Aspects (examples):

= Insurance Council of Australia

= AAMI =  GIO Insurance = Suncorp

=  Apia = NRMA Insurance =  Youi Insurance
= Allianz Australia =  QBE Insurance

= CGU Insurance =  RACQ

. Club Marine

Q0294 / 18July 2014 Page 11
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4.0 VESSEL MOORING INFRASTRUCTURE TECHNOLOGIES

4.1 Buoy Mooring Description and Legislative Definitions

Buoy moorings are a means of securing vessels, which provide an alternative to anchoring and marina
berthing. Buoy moorings typically consist of three components: 1) a fixture on the seabed, including either a
type of block (weight or gravity anchor) or a drilled/screwed (embedment) anchoring system, 2) a floating
buoy on the water surface to mark the location of the fixture, and 3) a system of chain and rope/s for the
purpose of tethering a vessel to the seabed structure. Mooring buoys are designed so that vessels can be
secured, often for long periods of time, and as such in a sense are permanent coastal features.

A buoy mooring as defined by the Transport Operations (Marine Safety) Act 1 994’ (schedule dictionary
(Section 4)) is:

Buoy mooring means something, other than the ship’s own equipment, used, or intended to be used, for
mooring a ship, that consists of each of the following—

(a) adevice attached to or sitting on the seabed or the bed of other Queensland waters;

(b)  asystem involving cables, chains or ropes that is attached to the device mentioned in paragraph (a);
(c) abuoy or other float on the surface of the water, that is attached to the system mentioned in

paragraph (b) and marks the location of the device and system.

While no specific legislative definition exists for an environmentally friendly mooring (EFM) per se,
information contained within the Marine Parks (Moreton Bay) Zoning Plan 2008, does provide some
assistance in this regard. Under this Zoning Plan, a person may install a mooring within a designated
mooring area of the Moreton Bay Marin Park provided it meets the criteria of what is more generally referred
to as an environmentally friendly mooring (EFM). For reference, the relevant parts of the Marine Parks
(Moreton Bay) Zoning Plan 2008 are reproduced below.

Division 9 Mooring areas

Section 54 Object of area

The object of a mooring area is to establish an area in the marine park for mooring vessels.

Section 55 Entry or use without permission

(1) A person may, without a permission for the area, enter or use a mooring area for carrying out a mooring
activity in the area only if—

(a) the activity is authorised under the Transport Operations (Marine Safety) Act 1994 or the Fisheries Act
1994; and

(b) lessthan 1 m? of the substrate is disturbed by any device used for the mooring activity that is attached

' Current as at 2 November 2013 (https:/www.legislation.qld.gov.au/L EGISLTN/CURRENT/T/TranstOpMSA94.pdf)
2 Current as at 10 May 2013 (https://www.legislation.qgld.gov.au/LEGISLTN/CURRENT/M/MarinePMBZnP08.pdf)
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to, or sits on, the substrate; and
(c) the activity does not involve dredging; and

(d)  for a mooring activity that is constructing a mooring, the design and placement of the mooring in the
area ensures that a vessel using the mooring does not touch the substrate; and

(e) any cables, chains, ropes or other things attached to a device mentioned in paragraph (b) do not touch
the substrate.

(2) In this section—

mooring—

(a) means a thing used, or intended to be used, in a mooring area, for mooring a vessel, consisting of—
(i) a device (the device) attached to or sitting on the substrate; and

(i) a system (the system) involving cables, chains, ropes or other thing attached to the device; and

(iii) a buoy, or other float on the surface of the water, attached to the system, that marks the location of the
device and system; but (b) does not include equipment that is part of a vessel.

mooring activity means—
(a) attaching a vessel to a mooring; or
(b) constructing, operating or maintaining a mooring.

substrate means any land in or underlying a mooring area.

4.2 Anchoring Systems for Moorings

Although mooring systems comprise of three components (see Section 4.1), this can be simplified into two
major components: 1) the anchoring system (i.e. how the system is anchored to the seabed) and 2) rode
(rope/chain) and buoy components. Seabed characteristics greatly dictate the type of anchoring system most
suitable for use within a given area (PADI, 2005)°.
The anchoring system can be categorised into the following classes:

=  Deadweight (gravity) Moorings

=  Embedment Moorings

= Pilings

% In order to determine type(s) of anchoring system suitable for a given area(s) detailed substrate (geotechnical) data is
required. This is because different systems are best suited for given substrate types, in addition a certain minimum depth
of sediment is often needed in order to provide the required strength for a given system, and lastly the strength
requirements vary with the vessel sizes using given mooring(s).
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Anchoring
Systems
Deadweight Embedment Pilings
- concrete
- Weighted block - Cemented/Grouted - treated/untreated
- Mushroom - Manta Ray marine timber
- Pyramid (Dor-Mor) - Helical (Screw) (with/without
- Coil protective sleeve)
- Mooring Anchor - fibreglass
Device composition
- Steel coil steel

- Improvised (custom)

Figure 1 Generalised classification of anchoring systems (and examples) used for vessel mooring applications.

4.2.1 Deadweight (gravity) Anchors

Deadweight anchors work on the basis of gravity (i.e. their weight) and include the use of a variety of
materials (e.g. block of stone, concrete or iron). Once the weight is deployed onto the seabed, it may
overtime depending on the substrate, become partially embedded in the seabed. This may produce a suction
effect, potentially increasing its resistance to being lifted. Deadweight anchors are well adapted to sandy
bottoms and compact sediments.

Installation on fine sediment, dense and slightly muddy will clearly improve the suction effect of the
deadweight and increase its hold. The same block submitted to the same force with a coarse shell substrate
will slide more easily. On a softer muddy-sand the hold will be of poor quality, the deadweight will be moved
easily in a lateral way and will bury itself until it finds a substrate sufficiently dense to hold it properly
(Francour et al., 2006).

Additionally, deadweight anchors provide the greatest reliability, if they are dragged from their initial
deployment positions, as they will resist with constant force. The risk of sliding and ripping is of particular
concern in areas affected by strong currents, because the volume of the deadweight anchor above the
seabed generates hydraulic turbulences and produces scouring effects. Given their large weights, barge
cranes are typically required for the installation of large deadweight anchors. Deadweight moorings are
typically accompanied by heavy chain and rope, which have been documented to drag along the seabed and
scouring the surrounding seabed (see Section 4.4).
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The pull-out resistance of a dead weight mooring is linked to two principle factors: its apparent weight (dry
weight minus the Archimedes force) and the size of the surface in contact with the seabed. The cost and
reported breakout force varies according to the size of anchor and between the varieties of deadweight
anchors®.

Deadweight moorings may include:

= Weighted blocks — provides the least holding power, working on the principal of sheer weight.
Deadweight anchors are the best choice for rock, gravel or coarse and sandy bottoms.
Concrete is popular because it is inexpensive but it becomes ~45% lighter underwater, so
large blocks are needed for larger vessels. Conversely, granite loses 36%, iron loses 14%,
and steel 13% of their weight when submerged (PADI, 2005). The reported breakout force for
concrete blocks ranging in size from 680-3,624 kg [.9.0.75 m x 0.75 m x 0.75 m — 1.25 m x
1.25m x 0.95 m or 2.26 ft x 2.46 ft x 2.46 ft — 4.10 ft x 4.10 ft x 3.11 ft] (1500-8,000 Ibs) range
from 362—1,812 kg (800—4,000 Ibs)°.

= Mushroom anchors — a common type of mooring anchor is the mushroom, which under ideal
conditions, digs in and create suction and develop good holding power. As such, they work
best in a silt or mud bottom environment and are least effective in rocky or coarse sand
environments. For the purposes of this report, mushroom anchors have been classed as
deadweight moorings. When a mushroom is not set properly its estimated holding capacity
drops about twice its weight (PADI, 2005). Alternatively, when set the holding power of a
mushroom anchor can increase to 10 times its weight (INAMAR, n.d.). Furthermore, if a
mushroom anchor breaks from its position in the seabed it will not reset and will simply skip
along the seabed under drag from the vessel. Reported maximum reported breakout force for
mushroom anchors ranging in size from 159-227 kg [e.g. 18.4 mm x 906.5 mm x 55.1 mm x
1,715 mm — 24.5 mm x 980 mm x 61.3 mm x 1,862 mm or 0.75 inch x 37 inch x 2.25 inch x 70
inch — 1 inch x 40 inch x 2.5 inch x 76 inch®] (350-500 Ibs) is up to 906 kg (2,000 Ibs) within
mud and sand bottoms based’. Mushroom anchors reportedly up to ten times the holding
power to weight ratio as compared to a dead weight moorings8

=  Pyramid anchor — cast-iron pyramid anchors are an alternative to the mushroom. The smaller
size, concentrated weight and pyramid shape of the anchor allows it to embed itself more
rapidly than the mushroom anchor, and its holding power is up to 10 times its weight (West
Marine, 2014). For example, the reported breakout force for a pyramid anchor with a dry
weight of 294 kg [e.g. 0.45 m (1) x 0.45 (w) x 0.75 m (h) or 1.48 ft (I) x 1.48 ft (w) x 2.46 ft (h)*]
(650 Ibs) is 2,039 kg (4,5000 Ibs). They have be tested and are said to have a range of 3 to 10
times it's dry weight in holding powerm.

Figure 2 provides example photographs of a weighted block, mushroom anchor and pyramid anchor.

4 http://www.ecomooringsystems.com/helix-anchors

5 Typical average dimensions for a deadweight block anchoris 1 m x 1 m x 0.5 m (J Smith 2014, pers. comm.)
bell thickness x bell diameter x shank diameter x overall length

! Vineyard Haven, Pull Test Results (see http://www.helixmooring.com/thebenefits.html)

8 . . . s . .
See http://www.aglmooring.com/helixsystems.html and http://pioneermooring.com/mushroom-anchor-moorings/

°I,w, h represent: length, width and height, respectively

% See http://www.aglmooring.com/helixsystems.html

Q0294 / 18July 2014 Page 15



RPS APASA REVIEW OF MOORING INFRASTRUCTURE TECHNOLOGY
Q0294 GCWA — Buoy Mooring Review

oatsgear.com ' ource: hamiltonmarine.com

Figure 2 Example photographs of (left image) a weighted granite block commonly used for traditional moorings
(left image); mushroom anchor; and a pyramid anchor (Dor-Mor) (right image).

4.2.2 Embedment Anchors

As an alternative to the large weighted moorings (and associated chains), a variety of embedment anchors
are available (see Figure 3 for example images). Each of these systems require professional installation
either through hydraulic auger drive attached to a surface vessel, commercial diver operated rotary power
tools and/or a hydraulic or pneumatic jack hammers.

Embedment anchors, whereby the mooring system is directly anchored into the seabed is the preferred
option from an environmental perspective, as the approach minimises contact with the substrate and bottom
scour associated with chains from traditional block moorings. The anchors are versatile and can be attached
to a variety of rode and buoy component options (e.g. high tensile ropes/elasticised ropes or displacement
buoys).

In terms of initial holding power, embedment anchors are reported to outclass weight-dependent anchors,
however two reported limitations of these systems, are that they have limited reset capabilities if they ever do
break out of the bottom substrate and they are very difficult to inspect once they have been installed (PADI,
2005). Furthermore, screw anchors without a baseplate/cap may unwind under certain conditions (G Hill
2014 pers. comm.).
Embedment anchors include:

= Eye bolt cemented anchors as used as part of the Halas Mooring System

=  Manta Ray anchors

= Helical anchors

= Mooring Anchor Device (MAD) embedment anchor

= Steel coil screw anchor as used as part of the Harmony System

= Grouted Screw Mooring anchor as used as part of the Grouted Screw Mooring System

= Improvised embedment anchors such as jetted-in railway segments (R Northcott 2014, pers.
comm.)
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Embedment Anchors

MManta Ray

Figure 3 Example sketch diagram of various embedment anchors used for buoy mooring applications (Source:
PADI, 2005).

42.2.2 Grouted (Eye Bolt) Anchor

A grouted anchor is a system made of a plate or a single anchor ring with one or many threaded rods, or
ringbolts bonded into the rock with an underwater injected grout. As for any grouted anchor the resistance of
the anchor point takes into account the internal resistance of each of its components: (i) anchor parts (quality
of the material and the welds), (ii) grouting material and (iii) substrate (mechanical resistance of the rock).
For light loads, a rod or a ringbolt of adapted length and diameter with an anchor ring can clearly be a
sufficient anchor point. Heavier and stronger models can be made of a reinforced plate with a multidirectional
structural resistance and fastened to the rock with several bolts of appropriate size (Francour et al., 2006).

The impact of a grouted anchor on a boulder or the bedrock can be considered negligible. The holes in the
rock for fastening one or many bolts do not create particular disturbances.

The installation is simple and does not require heavy equipment or techniques that might create indirect
negative effects. The positioning is very precise and allows the choice of the most appropriate location. The
system is limited to solid substratum, whereby a stainless steel eye bolt anchor/plate is positioned into a
cavity drilled into a hard substrate. Drilling of the rock to the required diameter and length is achieved by
divers with an underwater drilling gun either pneumatic or hydraulic.

The grouted eye bolt anchor system forms part of the Halas Mooring System (see Section 4.5.3.9).

The dimensions and design of the anchor part must take into account the value of the estimated load. The
dynamic forces that are short and often violent (e.g. the backwash effect) must also be taken into account.
The diameters and thickness of the parts will need to increase proportionally with the increase of the load.
The more the load increases the longer and more spaced the screws will have to be. Furthermore, the rock
at the chosen location must be homogeneous and with no sign of cracks or faults (Francour et al., 2006).

Estimated cost ($AUD) for the grouted anchor system ranges between ~$70 to $950 depending on size, with
installation fees to be added accordingly.
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ouce: rancour et al.,
Figure 4 Example photographs (left image) eye bolt of grouted anchor, (middle and left images) diver grouted
anchor on rocky substrate.

4.2.2.3 Grouted Screw Mooring Anchor

Grouted Screw Mooring anchors are used as part of the EFM system developed by Pacific Marine Group Pty
Ltd in conjunction with James Cook University. An international patent is held by Pacific Marine Group for
this system, which is located in Townsville (North Queensland).

The 4 m long screw shaft mooring anchoring is installed by a diver assisted drill rig. As drilling occurs, grout
is pumped out through the lead helix (tip), resulting in a 4 m (13.1 ft) deep, 600 mm (23.6 inch) concrete
column (see Figure 5). Once the concrete is set, a pad eye is bolted on and the rigging attached. The system
is typically used for vessels up to 35 m/300 T, but larger vessels can be accommodated with the use of “Tri”
moorings, which is essentially three Grouted Screw Moorings linked together with a common pad eye.

As of 2011, this anchoring approach had not been used for permanent moorings of smaller private
pleasure vessels (DEEDI, 2011). Furthermore, no documented accounts of the use of this approach
for small private pleasure vessels were identified during this literature review.

—~

Figure 5 Example photographs (left image) of the Grouted Screw Mooring installation drilling unit, (middle
image) completed installation and (right image) Grouted Screw Mooring removed from the substrate during
product testing.
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4224 Manta-Ray Anchor

The Manta-Ray (and sting ray anchors) is an anchoring system consisting of a long rod drilled into the
substrate, which is then pulled up slightly to engage two bard-like legs to hold into the seabed (Figure 3 and
Figure 6). A thimble eye nut is screwed into the end of the anchor rod for attachment of the buoy line. The
anchors are installed by divers using hydraulic hand-held jackhammers and a load locker which pulls upward
on the adapter setting bar causing the anchor to rotate underground. By observing the gauge on the anchor
locker, the operator (diver) can proof load the anchor to the desired holding capacity during the installation
phase. Installation time varies with sea bottom characteristics but in most cases the Manta-Ray can be
installed in less than 30 minutes, reducing time and labour costs (PADI, 2005).

Anchor style and size installed depends on the sediment characteristics of the site. Probing the bottom prior
to installation will give the operator an idea of the bottom conditions. The anchor is produced by MacLean
Civil Products in the United States of America (see http://www.earthanchor.com/manta-ray or
http://ancorloc.com.au/products/sting-ray-manta-ray/). Optimum setting for the anchor is hard packed sand
(Halas, 1997), however sand, coral rubble, or a combination of bottom types is suitable (PADI, 2005). The
anchoring system provides an environmentally friendly mooring approach and the same or smaller swing
areas than traditional block and chain systems depending on application. The anchor has a reported holding
capacity of up to 20,385 kg (45,000 Ibs) depending on bottom composition (PADI, 2005).

The primary anchor used for buoy mooring installations is the MR1-M which consists of an MR1 anchor
head, a 2.14 m x 25 mm (7 ft x ~1 inch) threaded anchor rod and swivel eye nut, which costs ($AUD)
$420.00 (J De Cinque 2014, pers. comm.). Pending substrate conditions, anchor heads or rod extensions
and couplers may be required to reach design holding capacities, adding additional costs. The approximate
minimum depth of substrate required for the Manta Ray anchor is 2 m (6.5 ft) (Egerton, 2011). Installation
costs will depend on location and installers in the area.

Reported holding capacities of the Manta Ray anchor vary with anchor size and substrate. However, for the
most commonly used anchor for mooring installations (MR1-M), the capacities typically range from 1,359—
2,718 kg (3,000-6,000 Ibs), with high holding capacities (>1,812 kg or >4,000 Ib) occurring in sandy, sandy-
gravel and silty-sand substrates (Earthanchor, 2014).

Source: Earthanchor.com

Figure 6 Example photographs (top image) illustrating the Manta Ray anchor; (left image) of the
Manta Ray anchor being installed, (middle image) use of the hydraulic Anchor Locker and (right
image) installed anchor.
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42.2.5 Helix Anchor (helical anchor - sand screw)

Helix Anchors are a versatile anchor screwed into the seabed used to serve any mooring needs, including
swing moorings and pontoon moorings (see http://www.helixmooring.com or http://www.helixanchors.com).
The helical screws have long, high tensile steel shafts (2.43 m [8 ft] length is common) with large screw
threads (254—-356 mm [10—14 inch] diameter) on the bottom and an attachment eye at the top (Figure 3 and
Figure 7). These professionally installed anchors have gained popularity and are an often used (and in some
cases recommended system) component with a number of the EFM systems, such as the Seaflex Mooring,
Eco-mooring System and Hazelett Elastic Mooring Rode (see Section 4.5.3).

Helix Anchors are available in a variety of sizes which are dictated by the bottom substrate and the load
requirements. The system has been reported to have the most holding power of all anchoring (mooring)
systems in relation to their weight with great maximum holding capacities of up to 5t (11,038 Ibs) (see
Section 5.1.2). The holding power is maintained even with the reduced scoping required in congested
mooring areas.

The approximate cost (JAUD) of anchor and installation is $1000"". The anchors are installed using hydraulic
torque motors to screw anchor into substrate from a surface vessel (barge) or by a commercial diver using
an underwater torque motor and supported by a surface vessel. The mechanical resistance of the seabed is
the major issue in selecting an appropriate anchor size. The approximate minimum depth of substrate
required for the Helix anchor is 2 m (6.5 ft) (Egerton, 2011).

A helix mooring anchor is more cost effective than traditional anchoring methods on cost per holding capacity
(PADI, 2005) and considered the best approach in sandy substrates (G Hill 2014, pers. comm.; J Bolzenius
2014, pers. comm.). The Helix anchors can be removed by reversing the installation process. However if the
mooring swivel becomes jammed, the swinging action of the vessel can unwind the installed screw anchor
(G Hill 2014, pers. comm.). To prevent this occurrence a gear shaped concrete base can be used (which can
also be dual purpose; see Section 4.2.4).

" http://www.boatmoorings.com/hm.php
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Figure 7 Example photograph (left image) of helix anchor; (middle image) divers installing anchor and (right
image) installed helix anchor.

4272.6 Mooring Anchor Device Anchor

The mooring anchor device (MAD) represents a new available embedment anchor system available from
Cape Marine Pty Ltd located at Coffs Harbour (NSW; see http://www.capemarine.net) (G Hill 2014, pers.
comm.; see Figure 8). The embedment anchor consists of an anchor tube that contains pre-cast concrete
cylinders (ballast sections). The diameter and length of the anchor tube that holds the pre-cast concrete
cylinders (ballast sections) is varied to suit the seabed substrate characteristics and the required mass
depending on vessel size. The MAD missile anchor works well in hard sandy/muddy substrates (Hill, G. pers.
comm., 2014; see Figure 8). The reported hold capacity of the MAD anchor is unknown at the time of the
preparation of this report.

Approximate costing (JAUD) of the anchor starts at ~$500, however due to the varying designs and custom
made approach to these anchors, costs can vary greatly.
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Figure 8 Example sketch (left image) and photographs (centre and right image) of the MAD embedment anchor
(G Hill 2014, pers. comm.).

42727 Steel Coil Screw Anchor (Harmony type P)

Galvanised steel coil screw anchors (Harmony type P) are used as part of the Harmony Mooring System
(see Section 4.5.3.11) where a steel coil is screwed completely into the substrate, resulting in a strong
anchoring point. The very rigid wire of this giant corkscrew creates its own path through this network without
cutting, crushing or destroying the elements which constitute the seagrass mat.

Either a single anchor or multiple anchors connected via a metal bar are employed for greater holding
capacity. The anchoring system has been widely used within the Mediterranean region (Francour et al.,
2006; Egerton, 2011). Depending on the projected use and the maximum load expected there are models
which vary in length. These coils can be installed individually or attached together in a line of 2 or 3 with a
coupling bar. These models are under an extended European patent (Francour et al., 2006).

As a general rule, the average values characterising the steel coil anchor are:

= diameter of the wire : 30 mm (1.18 inch) = length: 800—-1,600 mm (31.5-63 inch)
= exterior diameter : 350 mm (13.8 inch) = weight: 25-42 kg (55.2-92.7 Ibs)

In seagrass meadows without clearings with well-developed mats, the special ecological anchor device can
be used to great effect. Trials in the Mediterranean region using the embedment coil anchor have
demonstrated a reduction in reported damage to seagrass roots in comparison to sand screws (Helical screw
anchors) (Francour et al. 2006). Additionally, trials showed that a single anchor can withstand a force of 3.36
t (@ 16 m yacht in 75 mph winds exerts 1.43 t [31,567 Ibs] of force; see Francour et al., 2006).

Anchor installation is typically achieved by divers either by manual screwing (small anchor sizes) or by
hydraulic machine assisted screwing (larger anchor sizes).

The approximate costing ($AUD) of the European designed and supplied anchor system range from $450—
$2,200 (Francour et al., 2006) depending on size, with installation fees to be added accordingly.
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Figure 9 Example sketch (left image) of the steel coil embedment anchor used as part of the Harmony Mooring
system; (middle image) application of 3 coils for increased holding capacity; and (right image) diver carrying
coil anchor prior to installation.

4.2.2.8 Improvised Embedment Anchors

In addition to the above mentioned commercially available embedment anchors used predominantly as part
of EFMs, improvised embedment anchors have also reportedly been used. Improvised anchors or
customised anchors include the use of alternative objected embedded into the sediment in order to provide
an anchor point. Such an example of an improvised embedment anchor includes the use of 2.1 m (6.9 ft)
long iron railway segments (120 mm [4.7 inch] gauge) jetted vertically into sandy substrate connected to 22
mm (0.9 inch) chain, which are successfully used as mooring sites at Rottnest Island (R Northcott 2014,
pers. comm.). Such embedment anchors are relatively low cost and have a life expectancy of 10 years.

The breakout force/holding capacity of improvised embedment anchors varies greatly and is dictated by the
design and usage of specific anchoring objects. For increased holding capacity multiple objects/segments
can be installed and connected.

4.2.3 Pilings

Pile moorings provide fore and aft attachment points for mooring vessels, commonly found along the edges
of channels, rivers and tributaries, parallel to the main tidal flow. Alternatively, within harbour settings pilings
may be configured in gridded formations to increase vessel density. Piles are versatile and can be driven into
hard foundation materials, potted into rock surface along the seabed, or installed into sandy substrate. Piles
are driven into the seabed connected above the water level to provide a mooring point. Installation is
typically achieved using an accurate hydraulic driving rig mounted on a jack-up barge, otherwise pilings can
be jetted into position (sandy substrates).

Pile moorings are commonly placed on the line of the bank at a distance from the shoreline so as not to
restrict vessel access due to limited water depths during tidal variations. Site selection for the placement of
piles can be restricted by rocky substrates beneath sandy seabed surfaces.

Marine piles are typically constructed from a variety of materials, for example:
=  concrete (e.g. Duraspun® concrete marine piles - see Rocla, 2005);

= treated/untreated marine timber (with/without protective sleeves - plastic wrap or PVC tube
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encasement) (e.g. see Koppers, 2010),
= fibreglass composites (e.g. SuperPile Fibreglass Composite - Lee Composites Inc12)
= steel fixtures (e.g. see JSSTEEL Australasia”’)
Life expectancy, strength, and costs vary according to material, piling dimensions (i.e. length determined by
substrate), environmental conditions and anticipated vessel usage.

Reported typical minimum life expectancies for concrete piles with the use of corrosion inhibitors provide a
design life of 20 years (Rocla, 2005). In comparison the reported typical minimum life expectancy for marine
timber piles without a protective barrier ranges between 25-30 years and with the inclusion of a protective
barrier 75 years (Koppers, 2010)14.

Bending strengths for concrete piles range from 125 kNm up to 1,200 kNm (Rocla, 2005).

Piling cost and installation cost is specific to material type (i.e. concrete, treated/untreated marine timber
(with/without protective sleeves), fibreglass composites or steel), installation settings and installation method.

The installation of piles requires detailed analysis of the substrate. The surveys for drilling are typically the
most expensive since the price grows proportional to the required depth needed for installing each pile.
Additionally the installation process itself is also considered expensive, requiring construction vessels.

M’\.&
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Source: Google Maps, 2014 4 Source: cowshedharbolrcommision.com

Figure 10 Example images (left image) of pile moorings in Brisbane River (Queensland) and example zoomed-in
images of pile moorings used for single and parallel moorings.

2 See http://www.leecomposites.com/SuperPile.htm

3 See http://www.jsteel.com.au/products/tubular-piles-and-pipes/longitudinally-welded-tubular-hollow-sections

' As for actual service life expectancies, guidance for marine piles should be obtained from the Timber Service Life
Design Guide produced by the FWPA (Forest and Wood Products Association) in December 2007.
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4.2.4 Summary of Anchoring Systems Available for Mooring Purposes

Table 1 provides a comparison summary of the various anchoring systems available for mooring purposes,
including: ideal substrate, relative breakout force/holding capacity, approximate costings of anchors, general

installation requirements and the typically associated mooring system for each anchor option presented in
Section 4.2.1 t0 4.2.3.
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Table 1 Comparison summary of various anchoring systems available for mooring purposes.

Relative breakout . L. . Typically
. . Cost of anchoring Typical installation . .
Mooring Anchor Ideal substrate force/holding . . associated mooring
. device ($AUD) requirements
capacity system
Deadweight Anchors
Weighted blocks sand, mud, clay Low $700-$1,200 . B o
Mushroom anchors mud and silt High $750-$3,200 Large v_es_sel with Tradltlona_l swing
crane/hoisting tools moorings
Pyramid (Dor-Mor) anchor sand, mud, clay High $2,000-$3,000
Embedment Anchors
Grouted (eye-bolt) anchors rock/limestone High $70-$950 Professional
Grouted Screw Mooring Anchor* sand and rock Very high - installation, elth_er
. through hydraulic
Manta-Ray anchor sand Very high ~$450 auger drive attached to
Helix anchor sand Very high ~$650 a surface vessel, EEMs
Mooring Anchor Device sand Unknown ~$500 corr;rr(;erctial diver
X operated rotary power
tSte:IPCoH Screw Anchor (Harmony sannci)éasggvg\jl;ass High $450-$2,200 tools and/or a hydraulic
ype P) or pneumatic jack
Improvised Embedment Anchors all substrate Variable $300-$3,000 hammers
Pilings
Professional pile
driving contractors
Concrete, marine timber, fibreglass, . - . including barges, Pile moorings
steel sand, mud, clay Very high $2,000-$6,000 hydraulic impacts (fore/aft)
hammers or pile jetting
equipment

* As of 2011, this anchoring approach had not been used for permanent moorings of smaller private pleasure vessels (DEEDI, 2011). Furthermore, no documented
accounts of the use of this approach for small private pleasure vessels were identified during this literature review.
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4.3 Fish Habitat Anchoring System

In an attempt provide artificial habitats (and ensure integrity of embedment screw anchors), a concept of “fish
houses” has been proposed and is currently under further refinement and development (G Hill 2014, pers.
comm.). The fish houses (see Figure 11) can be incorporated not only into the installation of embedment
anchors but also deadweight anchors. The use of such fish-houses aims to preserve and/or reintroduce fish
and benthic fauna species. At present the habitat space under the domes (< 1 mz) includes optional designs
for different resident species and can also accommodate multiple layers (Figure 11).

Figure 11 Example photographs (left image) of the fish habitat screw anchor cap and (right image) example
space configurations of the fish habitat screw anchor cap (G Hill 2014, pers. comm.).

4.4 Environmental Impacts of Traditional Moorings

Traditional block and chain swing moorings consist of a deadweight anchor typically accompanied by heavy
chain and rope. The chain associated with a traditional block and chain swing mooring is known to drag on
the seabed as tidal currents and wind conditions swing the buoy/moored vessel around the anchor point
resulting in scouring of the benthic substrate, impacting seagrass meadows and benthic fauna (e.g. mussels,
snails, crabs, worms, etc). Depending on the length of chain, which relates to vessel size, such scouring has
been reported to impact areas, even as great as 300 m? (effective radius of scour zone ~9.8 m [~32 ft])
(Walker et al., 1989; Hastings et al., 1995). Scour depths in some instances adjacent to seagrass meadows
have been reported to be as deep as 1 m (Walker et al., 1989). Figure 12 provides an example photograph
of the scour impact to the benthic substrate, including seagrasses by mooring chains and aerial photographs
illustrating the ‘halo’ of disturbances.

Studies demonstrating that traditional moorings can cause significant damage to seagrass meadows,
creating a fragmented habitat, includes those by: Walker et al. (1989), Hastings et al. (1995), Williams and
Meehan (2004), Herbert et al. (2009), Collins et al. (2010), DEEDI (2011) and Baker and Evans (2012). The
fragmentation of seagrass meadows further influence the physical and biological characters of the
surrounding substrate, potentially leading to concerns regarding the ecosystem integrity (Wilcox and
Murphey, 1985). Such associated (and linked) impacts include: increased erosion of the substrate (Walker et
al., 1989; Hammerstrom et al., 2007), which may reduce the probability of recolonisation/survival of
seagrasses and macroalgae as well as directly disturbing benthic fauana borrows; alterations to nutrient
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regimes (Bowman, 2008), which influences available nutrients and water column productivity (as well as
being influenced by the presence/absence of organic matter and burrowing fauna communities); reduced
productivity (Lukatelich et al., 1987); sediment particle sizes and organic matter content (Collins et al., 2010;
Herbert et al., 2009), which can alter sediment transport processes, benthic faunal communities and food
web dynamics and nutrient regimes; and alterations to benthic species abundance, diversity and composition
(e.g. seagrasses, macroalgae, fish, crabs, worms, yabbies, etc..) (MacArthur and Hyndes, 2001; Reed and
Hovel, 2006; Fernandez et al., 2005; Stewart and Fairfull, 2007; DEEDI, 2011). Intact seagrass canopies
acts as a refuge for juvenile and small-sized fish and crustaceans from predation, changes to the canopy
coverage can change predator-prey dynamics (Lukatelich et al. 1987). Epiphytic biota are an important part
of the food chain. The leaf surface of seagrass provides a stable surface area (which is up to 15 times
greater than that of the bottom on which the seagrass grows) for settlement of these biota (Bowman, 2008,
reference therein). As observed by Walker et al. (1989), up to 15m? of leaf surface is lost for each m? of
seafloor scoured. This not only leads to habitat loss for epiphytic biota but also affects associated food
chains, which may include recreationally and commercially important species.

Traditional mooring infrastructures represent key disturbance to potentially significant areas of seagrass and
other benthic habitats. As such, the implementation of EFM systems (or conservation moorings) has been
investigated to help alleviate the known impacts/pressures placed upon the marine environment from
traditional buoy mooring approaches (e.g. Bowman, 2008; DEEDI, 2011; Egerton, 2011; Gladstone, 2011;
Demers et al., 2013).

In more recent times, in an effort to reduce the impacts of mooring vessels using traditional approaches
(block and chain moorings) regulatory bodies and the scientific community (both nationally and
internationally) have conducted trials to determine the feasibility of utilising EFM as an alternative to
traditional mooring approaches. To date, outcomes from the trials have typically demonstrated positive
outcomes with regard to survivorship and recovery for both seagrass and benthic fauna assemblages (e.g.
Bowman, 2008; Gladstone, 2010, 2011; DEEDI, 2011; Eggerton, 2011; Demers et al., 2013; Urban Harbours
Institute, 2013). For example, Gladstone (2011) reports that following a two-year period between monitoring
events within Shoal Bay (Port Stephens, NSW), seagrass scouring resulting from the former presence of
block and chain moorings were no longer distinguishable. Furthermore, Z. capricorni and Halophila spp.
(seagrass species) demonstrated rapid re-colonisation of the former mooring scour zones following the
replacement of the block and chain moorings by EFMs. Additionally, post EFM installation monitoring within
Moreton Bay (Queensland) provided evidence that benthic fauna assemblages in areas where EFM were
installed appeared to be in recovery (i.e. assemblages were becoming more similar to the fauna in areas
without moorings (Derbyshire et al.2011). Furthermore, monitoring reported by Deemers et al. (2013)
indicates dramatic impacts on seagrass meadows were apparent around traditional ‘swing’ moorings with
virtually no seagrass found within ~9 m of these moorings, whilst seagrass features surrounding EFM
moorings were similar to that of reference areas (containing no moorings). Following installation of the helical
EFMs, signs of seagrass recovery around the EFM was recorded (in particular, H. ovalis and Zostera spp.,
(seagrass species)).

The positive outcomes reported for the use of the EFMs, given different technologies and different settings
encountered, provide a compelling case for the elimination of chain scour as a means to minimise damage to
benthic habitats resulting from boat mooring activities; and suggest that anchors with small footprints can
further reduce impacts to benthic habitat (Urban Harbours Institute, 2013).

In addition to the direct physical disturbance to the substrate caused by traditional mooring systems, high
densities of moored vessels (using any mooring approach) have been documented to negatively impact the
surrounding environment. Such impacts include increased loadings of nutrient, heavy metals and
antifoulants/biocides (Boxall et al., 2000; Marba et al. 2002; Warnken et al., 2004; Leon and Warnken, 2008).
Furthermore, the reduction of available light to seagrass meadows as a result of high boat densities is also a

Q0294 / 18July 2014 Page 28



RPS APASA REVIEW OF MOORING INFRASTRUCTURE TECHNOLOGY
Q0294 GCWA — Buoy Mooring Review

concern (see Urban Harbors Institute, 2013). Such impacts should be given considerations when
investigating/planning mooring field designs. However, an approach whereby moorings are confined to very
specific areas and vessels are densely moored to the practical maximum vessel density may limit the spatial
extent of these disturbances and may well be an ideal management approach.

4

Source: Egerton, 2011 Source: Gladstone, 2010 || Source: Bolzenius and Korhaliller, 2013

Figure 12 Example photographs of (left image) scour impact to seagrass meadow by mooring chain as seen
underwater (left image) and mooring scour ‘halos’ as seen from small-scale (middle image)and large-scale aerial
views (right image).

4.5 Identified Vessel Mooring Infrastructure Technologies

There is a number of mooring infrastructure technologies available for authorities or mooring managers to
consider, which differ according to financial, environmental and operating considerations.

This section provides a brief description of the various identified mooring infrastructure technologies
available, based on four selected categories:

= Traditional (e.g. block and chain style) buoy moorings

= Environmentally friendly mooring (EFM) systems

= Pontoon style moorings

= Pile moorings
In the below sections each mooring infrastructure technology is described by a number of
variables/parameters, which outlines the characteristics of each technology. In an effort to provide accurate
accounts of each technology first-hand accounts have been sought. However, in some instances details

have been sourced from third parties. Where this is the case the cited source is referenced. All costs are
reported in $AUD.

It is assumed that all mooring would require, at a minimum, an annual maintenance inspection as per the
Maritime Safety Queensland regulations (J Bolzenius 2014, pers. comm.), however in reality this does not
necessarily always occur (T Byrnes 2014, pers. comm.).

Figure 13 provides a generalised classification of mooring infrastructure technology presented with this
report.
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Mooring
Infrastructure
|
| ] | I |
| | | | |
| - | | | | .
| Traditional | EFM* | Pontoon | Trot | Pile
. . - Single moorin
- Fixed shock absorbing systems - Single mooring i I .g - Single mooring
- Elastic rode systems . - Double mooring .
. - Double mooring ) ) - Double mooring
- Displacement buoy systems . - Gridded mooring

- Unique anchoring & rode configurations (custom)

*EFM — Environmentally friendly mooring

Figure 13 Generalised classifications of mooring infrastructure technology presented with this report.
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4.5.2  Traditional buoy ‘Swing’ moorings

Traditional (deadweight and chain) point moorings are
independent moorings, which typically consist of a floating
buoy attached to a chain and heavy anchor. Most traditional
mooring blocks are made from cast concrete shaped into a
square, pyramid, box, or large granite blocks, however
alternative weighted objects (e.g. mushroom and pyramid
anchors or train wheels) are also employed. Attached to
this block (object) is a central eye bolt, from which a large
‘thrash’ chain and a lighter ‘riser’ chain rise to join a main
buoy and pickup buoy at the surface. Given their large
weights, barge cranes are typically required for deployment
and installation.

The shape of the block depends on the holding conditions
of the bottom (PADI, 2005).

Source: PADI and DPI NSW Government

Ideal installation setting: Rock, gravel or coarse and sandy bottoms

Anchoring method: Deadweight anchor

Achievable Mooring Dependant on water depth, according to the recommended scope ratio
Densities: of 3:1 or 4:1 (Figure 18 provides an example schematic of mooring

density configuration within a 320 m? [1,050 ft°] area with a water depth
of ~3 m [10 ft], accommodating 36 moored vessels <10.7 m [35 ft] boat

length>).

Environmental Performance: Low; chain drag and significant scouring of substrate

Breakout Force: Dependant on weight size and composition. For example™:
Anchor dry weight Breakout Force
3,624 kg (8,000 Ibs) - 1,812 kg (4,000 Ibs)
2,718 kg (6,000 Ibs) - 1,450 kg (3,200 Ibs)
1,359 kg (3,000 Ibs) - 951 kg (2,100 Ibs)
906 kg (2,000 Ibs) - 362 kg (800 Ibs)
680 kg (1,500 Ibs) - 362 kg (800 Ibs)

Installation

Requirements/Maintenance: = Barge crane to lower deadweight into position on seabed

= Required annual maintenance/assessment

Approximate Initial Costing: Approximate per unit costing for complete block moorings include™:
Single block mooring (for 5.5-9.8 m [18-32 ft] vessels) = $935
Double block mooring (for 9.8—13.7 m for [32—45 ft] vessels) = $1,485
Fore and aft moorings (for 5.5-12.2 m [18—40 ft] vessels) = $1,540

Approximate installation cost (vessel and crew): ~$750

Approximate Servicing Cost: | $220 (J Waters 2014, pers. comm.)

Notable Comments:

=  Results in the greatest drag and scouring on the seabed of
all buoy mooring infrastructure technologies

15 . . .
http://www.ecomooringsystems.com/helix-anchors

16 - . . . .
http://www.bowlinemarine.com.au/Moorings/NewMoorings.aspx
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4.5.3  Environmentally friendly mooring (EFM) systems

Environmentally Friendly Mooring (EFM) systems, or conservation moorings as they are sometimes referred,
typically include two common features; 1) an embedment anchor that penetrates the seabed and 2) rode and
buoy system that makes little to no contact with the surrounding substrate (e.g. less than 1 m? of the
substrate is disturbed by any device used for the mooring activity that is attached to, or sits on, the substrate)
thereby ensuring minimal drag on the seabed. The EFM systems are designed to ensure minimal contact
with the seabed, while still being able to safely secure vessels in the prevailing environmental conditions.

There are various types of EFMs in use today. The main differences between EFMs relates to the rode and
buoy system, and also in terms of the method of attachment to the seabed. All EFMs avoid scouring of the
bottom substrate by having some kind of extendable rode (elasticated or spring loaded). Although EFMs use
embedment anchoring techniques, causing less direct impact to the seabed, some EFMs infrastructure
technologies can be anchored in a similar way to traditional moorings (concrete blocks and anchors). The
anchoring technique employed is often determined by the sediment type (Egerton, 2011).

In considering the use of EFMs, Egerton (2011) states the importance of factors such as: vessel size, water
depth and tidal range and that at high tide any elastic should be taught but not stretched. The report based
on an investigation into the use of alternative mooring systems and the management of seagrass beds by
Egerton (2011) also highlights that the installation of EFMs requires information about the seabed because a
certain depth of sediment is required to provide the right strength for each system, which varies with the size
of the vessel.

To date, a number of EFM systems have been designed, commercialised and implemented (e.g. in Australia,
United Kingdom and United States of America). The below sections provides a brief description of available
EFM mooring infrastructure technologies for consideration by the GCWA based on infrastructure technology

type:

=  Steel-enclosed shock absorbing system attached to a screwed-in mooring post at the seabed,
and attached to a line at the top which runs to the water’s surface;

= Environmentally friendly moorings that substitute a flexible floating rode for the traditional heavy
chain/light chain rode of a traditional mooring. The stretching feature of a mooring is usually
reinforced with some type of line or rope to ensure that the stretching component does not
exceed its capacity and break. The stretching of the flexible rode replaces the buffering
function performed by the heavy bottom chain in a traditional mooring;

= Displacement buoy mooring systems whereby the buoy moves freely up and down a stainless
steel shaft attached to a down-line chain at one end and a surface line at the other; and

=  Customized EFM mooring systems for specific conditions and or adapted mooring systems from
traditional-based mooring approach
Figure 14 provides a generalised classification of EFM infrastructure technology presented with this report

While the general concept behind each of the technologies in each class is similar, each demonstrates
unique traits.
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EFM Technology
|
| | | _ ] ]
Fixed Sh.OCk Elastic rode Displacement Adapte_d/
absorbing customised
systems | buoy systems
systems systems
- Seagrass friendly - Seaflex mooring - Harmony system

- EzyRider mooring

mooring - StormSoft mooring - Halas system

- Eco-mooring Rode - Grouted Screw

- Hazelette Elastic Rode SREIE S

- Mooring Anchoring - Jeyco mooring

Device - Cyclone mooring
configuration

- Traditional style with
sub-surface float

Figure 14 Generalised classification of environmentally friendly mooring (EFM) infrastructure technology presented with this report.
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4.5.3.2 Seagrass Friendly Mooring Systems

The Seagrass Friendly Mooring system uses a
pivoting raised arm attached to a Helix screw single
point mooring post (anchor point). Attached to the
mooring post just below the sea bed is a set of load
spreaders to stabilize the post. A 360° rotating head
is fixed to the anchor to allow movement of an
1,100 mm seawater-driven spring-loaded shock
absorber, from which a hawser rope (e.g. ‘Aquatec’
marine grade rope) is run to a surface buoy.

Contact: http://www.seagrassmooring.com.au
Location: Australia (northern New South Wales)

Source: Australian Broadcasting Corporation

Manufacturer/Supplier: On Water Marine Services Pty Ltd

Ideal installation setting: Sandy and muddy substrates

Anchoring method: Helix Anchoring System (embedment anchor) 3,800 mm [~150 inch]
long

Achievable Mooring Smaller swing area than traditional block and chain systems. Figure 18

Densities: provides example of increased density according to use of EFM with

reduced scope (<4:1).

Environmental Performance: High; no significant scouring of substrate

Breakout Force: Upto20t

Installation _ = Screwed into the seabed using a hydraulic auger drive
Requirements/Maintenance: attached to a surface vessel.

u It is recommended that the shock absorber is replaced
annually.

=  The engineered rating is 15 years for the key component
being the mooring shaft; however it is likely to be much

longer.
Approximate Initial Costing: | $2,500 (+ GST) for complete unit (inc. anchor)'” + $300 installation
cost
Approximate Servicing Cost: | Annual service cost is approximately $300 per year 9
Examples of use (case This design has been used successfully throughout Eastern Australia
studies): since 2006 with over 300 installed between Melbourne and Brisbane
Notable Comments: = Available in three sizes®.

= As well as being available as a mooring point only, ideal as
a permanent and discrete hold point for floating jetties and
parallel to shore berths (i.e. fore/aft moorings).

"D Maslen 2013 [mooring designer/supplier] pers. comm. in Outerbridge, 2013

18 http://www.seqcatchments.com.au/case-studies/environmentally-friendly-mooring-fags

D Maslen 2013 [mooring designer/supplier] pers. comm. in Outerbridge, 2013

% The three sizes include shaft sizes ranging from 80-114 mm (nominal bore) (3.1-4.5 inch); shaft lengths ranging
from 1,500-3,000 mm (59-118 inch) (for sand/shale) and 2,000-3,500 mm (79-138 inch) (for mud); helix base
diameters ranging from 250-320 mm (9.8-12.6 inch); and load spreader sizes ranging from 4 mm x 400 mm x 80mm
(0.2 inch x 15.7 inch x 3.1 inch) to 4 mm x 400 mm x 100 mm (0.2 inch x 15.7 inch x 3.9 inch).
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4.5.3.3 Seaflex Mooring

Seaflex is a versatile elastic mooring system that can be
used with either mooring buoys or pontoons, and is
anchored using either deadweight or embedment anchors.
The Seaflex mooring system consists of a reinforced
homogenous rubber hawser, built around a homogenous
rubber core. A specially braided cord is wrapped around the
core, and the outer layer consists of a durable rubber cover
which forms the outer shell of the hawser. The construction

The Seaflex™ mooring system

gives a progressive resistance by slowly elongating and
retracting in a smooth, even movement. The system also
often includes an “integreated by-pass” which is engaged
as the rode reaches 80% elongation, preventing the system
reaching maximum elongation. The size of the Seaflex
mooring required is determined using the JFlex software
developed by the designer, which includes analysing water

™

Source: Seaflex

level variations, wind, waves and current conditions

(Seaflex AB, 2013).

Contact: http://www.seaflex.net

Location: Sweden

Manufacturer/Supplier:

Seaflex AB

Ideal installation setting:

All substrate conditions (depending on selected anchoring technique)

Anchoring method:

Typically Helix anchoring system (embedment anchor)

Achievable Mooring
Densities:

Smaller swing area than traditional block and chain systems. Figure 18
provides example of increased density according to use of EFM with
reduced scope (<4:1).

Environmental Performance:

High; no significant scouring of substrate

Breakout Force:

Dependant on anchoring technique.
Seaflex system uses a “Spectra 2000” bypass line with a breaking
strength of 22,650 kg (50,000 Ibs).

Installation
Requirements/Maintenance:

= Typically screwed into the seabed using a hydraulic auger
drive attached to a surface vessel or diver assisted (Helix
anchor).

=  Reported claim of less maintenance than other mooring
systems due to the fact that the system's components are
exceptionally durable, however annual visual inspections
still necessary.

Approximate Initial Costing:

Approximate Servicing Cost:

$530 for small Seaflex units (excl. any anchor) and increases for larger
units. Installation costing approximately 10% of the total project cost 2
$220 (J Waters 2014, pers. comm.) plus required parts replacement

Examples of use (case

studies):

Field trials in Moreton Bay Marine Park (Queensland), Gippsland Lakes
(Victoria); Lundy (United Kingdom)

Notable Comments:

=  Design proved suitable for Moreton Bay as part of the SEQ
trials, however poor customer support in previous
Queensland trials (DEEDI, 2011)

= 1,000 documented installations world wide

21| Brandt [sales/supplier] 2013, pers. comm. in Outerbridge, 2013
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45.3.4 StormSoft Boat Mooring System

The StormSoft mooring system consists of a down-line of industrial rubber
multi-strand cords surrounded by a braided polyester shell/rope. A

continuous inner core of braided polyester maintains the position of the shock
absorbing rubber. The system has a very tight braid design to keep marine
life out of the interior of the assembly and the system has no complex metal
connections. The spar buoy has very little motion in wave action which
reduces wear on system components.

The uniline below the spar buoy is secured with wire rope clips and rigidly
clamped to the StormSoft elastic down line to reduce moving parts

Contact: http://www.stormsoftboatmooring.com

Location: USA (Florida)

el
Source: StormSoft Boating

Manufacturer/Supplier:

New England Marine LLC/American Underwater Contractors Inc.

Ideal installation setting:

All substrate conditions (depending on selected anchoring technique).

Anchoring method:

Various anchor types, recommended Helix anchoring system
(embedment anchor).

Achievable Mooring
Densities:

Smaller swing area than traditional block and chain systems. Figure 18
provides example of increased density according to use of EFM with
reduced scope (<4:1).

Environmental Performance:

High; no significant scouring of substrate.

Breakout Force:

Dependant on anchoring technique
StormSoft elastic component has a standard rating of 8,154-10,872 kg
(18,000—24,000 Ibs) tensile strength.

Installation
Requirements/Maintenance:

=  Typically screwed into the seabed using a hydraulic auger
drive attached to a surface vessel or diver assisted (Helix
anchor).

u In addition to annual inspection, periodic visual inspections
necessary (e.g. quarterly or following storm/flood events).

Approximate Initial Costing:

Approximate Servicing Cost:

$2,250 (excl. any anchor) for vessel up to 25t (55,188 Ibs) or 13.4 m (40
ft).

$220 (J Waters 2014, pers. comm.) plus required parts replacement
(individual component costings not available during report preparation).

Examples of use (case

studies):

Several thousand StormSoft Boat moorings have been installed in
Florida (USA) and additional mooring sites in Lake Champlain,
Dartmouth and Vineyard Haven (USA)

Notable Comments:

= Not currently distributed to Australia
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4.5.3.5

Eco-mooring Rode System

The Eco-Mooring Rodes system comprises of elasticised
rope and attached buoy which can be attached to either
deadweight or embedment anchors. However, the suggested
method for anchoring is the use of helical anchors.
Additionally, as per the EzyRider Mooring system, the
system could potentially be used for mooring buoys (e.g.
single or fore/aft moorings) or pontoons. Eco-mooring
systems produce a dozen standard size Eco-Mooring Rodes
and offer custom fabrication upon request. The elastic ropes
are designed and manufactured to withstand high strain.

Contact: http://www.ecomooringsystems.com

http://www.boatmoorings.com

http://www.watersmarine.com.au/mooring.ews

Location: USA/Australia (Gold Coast)

Source: Boatmaorings

Manufacturer/Supplier:

See http://www.boatmoorings.com/
See mp://www.watersmarine.c:om.au/mooring.ews22

Ideal installation setting:

All substrate conditions (depending on selected anchoring technigue).

Anchoring method:

Recommended Helix anchoring system (embedment anchor): Eco-
Mooring helix anchors are designed and built in America and imported to
Australia (Waters Marine Pty Ltd).

Deadweight concrete or granite block can also be used.

Achievable Mooring
Densities:

Smaller swing area than traditional block and chain systems. Figure 18
provides example of increased density according to use of EFM with
reduced scope (<4:1).

Environmental Performance:

High; no significant scouring of substrate.

Breakout Force:

Dependant on anchoring technique
>4,983 kg (>11,000 Ibs) (J Waters 2014, pers. comm.) for Helix anchor.
Elastic component has a breaking strain of >14,950 kg (>33,000 Ibs).

Installation
Requirements/Maintenance:

=  Dependant on anchor system. For helix anchor screwed
into the seabed using a single diver assisted with a rotary
power tool.

= Serviced by diver to check all shackles and condition of
chain and rope (annual assessment recommended).

Approximate Initial Costing:

Approximate Servicing Cost:

Installed complete mooring (inc. anchor) for a vessel up to 10 metres is
$3,300 (+ GST), and 10 to 20 metres is $3,630 (+ GST) (J Waters 2014,
pers. comm.)

$220 (J Waters 2014, pers. comm.) plus required parts replacement.

Examples of use (case
studies):

Installations at : Moreton Bay, Paradise Point, Massachusetts, Long
Beach, Florida Keys (USA)

Notable Comments:

=  Local (Gold Coast) installation, maintenance and product
support with previous local experience (Waters Marine Pty
Ltd), including Coochiemudlo Island and Raby Bay®

%2 Gold Coast based and operated company
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4.5.3.6 Hazelett Elastic Mooring Rode
Similar to the Eco-mooring Rode System, the Hazelett Elastic Mooring Rode is f
another alternative to the conventional mooring chain. This elastic high-stretch =

material connecting the buoy to the anchor (typically Helix Anchor) can stretch up
to four times it's unloaded length and can tolerate twisting and uses rigid
polyurethane thimbles to eliminate metal-metal contact. Because of its engineered
elasticity, it stretches out smoothly under load, eliminating peak forces of a rigid
chain rode. The smooth extension of the Hazelett rode acts to keep the boat
pointed into the wind as opposed to yawing when moored to a single point mooring

(Egerton, 2011).

According to the mooring designer the Hazelett Elastic Mooring can increase
available mooring densities by up to 40% with a scope as short as 1:1 instead of
the 3:1—4:1 scope of the traditional block and chain systems with minimal impact to

the seabed.

Contact: http://www.hazelettmarine.com

Location: USA

Source: Hazelett Marine

Manufacturer/Supplier:

Hazelett Marine

Ideal installation setting:

All substrate conditions (depending on selected anchoring technique).

Anchoring method:

Preferred option embedment anchor (Helix anchor), which is ideal for
sandy substrates.

Achievable Mooring
Densities:

Smaller swing area than traditional block and chain systems. Figure 18
provides example of increased density according to use of EFM with
reduced scope (<4:1).

Environmental Performance:

High; no significant scouring of substrate.

Breakout Force:

Dependant on anchoring technique
Elastic rode has a breaking strain of >31,710 kg (>70,000 Ibs) (Urban
Harbours Institute, 2013).

Installation
Requirements/Maintenance:

=  Dependant on anchor system. For helix anchor screwed
into the seabed using a single diver assisted with a rotary
power tool

= Regular maintenance requires anticipating replacement and
repair of line, hawser, and buoys

Approximate Initial Costing:

Approximate Servicing Cost:

Approximate cost per complete unit (depending on length, inc. anchor)
ranges from $2,000 to $4,500 (Urban Harbour Institute, 2013) depending
on anchor type.

$220 (J Waters 2014, pers. comm.) plus required parts replacement

Examples of use (case
studies):

Installations at :Isle of Mann, Massachusetts, Rhode Island, Florida Keys
(USA)

Notable Comments:

=  Hazelett rodes maintain elasticity to absorb forces from
strong winds and tides and preserves the integrity of the
mooring system under severe storm conditions.

453.7
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45.3.8 Mooring Anchoring Device

The Mooring Anchoring Device consists of an anchor device (see Section s
4.2.2.6) and a “stormrider system” comprising of an elastometric riser, subsurface
floats, chain and swivel (G Hill 2014, pers. comm.).

The StormSoft down-line of industrial rubber multi-strand cords surrounded by a Stormsoft

elastemetric

braided polyester shell/rope. A continuous inner core of braided polyester Hoss
maintains the position of the shock absorbing rubber. The system has a very tight

braid design to keep marine life out of the interior of the assembly and the system

has no complex metal connections. The spar buoy has very little motion in wave

action which reduces wear on system components. Sibaitada

floats

Swivel

Contact: http://www.capemarine.net n;bed )

Sand or
sediment

Location: Australia (Coffs Harbour) i |

Source: Hill, G., pers comm, 2014

Manufacturer/Supplier: Cape Marine Pty Ltd/New England Marine LLC

Ideal installation setting: Hard sandy/muddy substrates

Anchoring method: MAD missile anchor (Section 4.2.2.6)

Achievable Mooring Smaller swing area than traditional block and chain systems. Figure 18
Densities: provides example of increased density according to use of EFM with

reduced scope (<4:1).

Environmental Performance: High; no significant scouring of substrate.

Breakout Force: Unknown at time of report preparation.
StormSoft elastic component has a standard rating of 8,154-10,872 kg
(18,000—24,000 Ibs) tensile strength.

Installation

Requirements/Maintenance: u Installation in seabed requiring diver/vessel based

approach.

u In addition to annual inspection, periodic visual inspections
necessary (e.g. quarterly visual inspections).

Approximate Initial Costing: Approximately $900 for complete unit (inc. MAD anchor) for vessels of
9.8 m (32 ft) in length (G Hill 2014, pers. comm.)

Approximate Servicing Cost: | Approximately $200 plus required parts replacement.

Examples of use (case
studies): Northern New South Wales

Notable Comments:

= For further information contact Greg Hill (Cape Marine Pty
Ltd), located at Coffs Harbour (New South Wales).
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4.5.3.9 EzyRider Mooring

The Ezyrider Mooring utilises a displacement buoy which &_ =1 %

moves freely up and down a stainless steel shaft attached |

to a down-line chain at one end and a surface line at the
other. Strong rubbers are connected from the base of the
buoy to the bottom of the shaft that lift and these hold the
chain up off the seabed. When in use the vessel pulls the
buoy away from the vertical position, which forces the
buoy to move up the shaft to maintain position on the sea
surface, and if the force is sufficient, eventually
submerging the buoy. As the force decreases the rubber
connections at the base of the buoy contract causing the
buoy to slide up the shaft and return to its vertical position

on the sea surface.

) Source: Adanced Mooring Technology

Contact: http://www.ezyridermooring.com

Location: Australia (Western Australia)

Manufacturer/Supplier:

Global Moorings Pty Ltd

Ideal installation setting:

Sandy and muddy substrates

Anchoring method:

Either a concrete block/s or driven into the seabed with steel pins. Three
chains are connected to the base, which creates a tripod; known as the
Offset Anchor System (see above image).

Achievable Mooring
Densities:

Smaller swing area than traditional block and chain systems. Figure 18
provides example of increased density according to use of EFM with
reduced scope (<4:1).

Environmental Performance:

High; no significant scouring of substrate.

Breakout Force:

Unknown at time of report preparation.

Installation
Requirements/Maintenance:

=  Screwed into the seabed using a hydraulic auger drive
attached to a surface vessel.

=  Recommended servicing on an annual basis.

Approximate Initial Costing:

Approximate Servicing Cost:

~$3,000 for complete mooring unit + installation costs (unknown)
$220 (J Waters 2014, pers. comm.) plus required parts replacement

Examples of use (case
studies):

Field trials in Moreton Bay Marine Park (Queensland), Jervis Bay Marine
Park (New South Wales) and Gippsland Lakes (Victoria)

Notable Comments:

= More than 450 units have been installed throughout
Australia in various locations and substrates

= Manufacturer claims suitability of attaching Ezyrider system
to existing concrete deadweight anchors for smaller
moorings (suitable for vessels <10 m [33 ft]) has
undergone extensive field testing. Final specification
provides for product and public liability insurance when
installed by an approved contractor®*

24 http://ezyridermooring.com/index.html?art=2
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4.5.3.10 Halas System

The Halas System consists of a single pin or anchor unit
embedded into the bottom substrates. The system is
limited to solid substratum, whereby a stainless steel eye
bolt anchor is positioned into a cavity drilled into a hard
substrate (e.g. solid bedrock/outcrops/limestone). The
anchor is then cemented (e.g. marine cement or epoxy
cement) in place. The Halas System uses a three part
rope system instead of one continuous rope; line 1 —
anchor pin to the surface buoy; line 2 — .through the
surface buoy and is attached with a loop to the anchor
line which is attached to line 3; line 3 — pick up line with a
loop at the other end (PADI, 2005). A weight is placed
approximately 1 m from the sea surface on the anchor
line to avoid slack rope floating (PADI, 2005).

Contact: John Halas (formerly of Florida Keys National

Marine Sanctuary)

Location: USA (Florida)

Source: PADI, 2005

Ideal installation setting:

Restricted to hard substrate (e.g. solid bedrock/outcrops/limestone)

Anchoring method:

Halas Anchor System

Achievable Mooring
Densities:

Smaller swing area than traditional block and chain systems. Figure 18
provides example of increased density according to use of EFM with
reduced scope (<4:1).

Environmental Performance:

High; no significant scouring of substrate.

Breakout Force:

>0,060 kg (>20,000 Ibs) (Halas, 1997)

Installation
Requirements/Maintenance:

= Rotary tool powered by hydraulic fluid or compressed air.

= Annual maintenance anticipating replacement and repair of
line, hawser, and buoys.

= Average time estimate for hands on maintenance ranges
from 45 minutes to two hours per buoy per month
depending on specific working conditions and total
mooring area covered (PADI, 2005).

Approximate Initial Costing:

Approximate Servicing Cost:

Cost single installation approximately $1,600-$1,800 (Bouchard et al.,
2013) for mooring with breakout force of >9,060 kg (>20,000 Ibs)
Unknown ($220 estimate (J Waters 2014, pers. comm.)) plus required
parts replacement

Examples of use (case

studies):

USA, Puerto Rico, south Pacific region and Philippines

Notable Comments:

= There are few known failures of individual components of
the system, but there have been cases of substrate failure
where the entire cemented core has been pulled up and
dragged across the bottom (PADI, 2005, pers. comm.
within).

= The system is limited to solid substratum, ideal for reefs.
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45.3.11 Harmony System

With this system from France the anchor line is exclusively made of
inspected polyamide rigging. By virtue of an intermediate float, the
line is kept permanently taut in open water. Even while not in use,
the anchor line does not scour the seabed. At the surface, the line is
attached to a mooring buoy. At the head of the anchor, lying flush
with the seabed, the line is fastened to a coil anchor.

The length of the anchor line is calculated to obtain a 45° angle of
traction. At the surface, the swinging area of the boat is equal to the
depth of the water column. This provides a greater density of
moorings compared to traditional deadweight mooring systems,
where the length of the anchor line must be equal to three times the
depth of the water. A variety of anchors can be used with the
system, however within seagrass meadows a coil shaped anchor is
used (right image) otherwise a helical anchor is suggested in soft

sediments (Egerton, 2011).

I W‘M il

—i

Source: Egerton, 2011

Contact: neptune.env@wanadoo.fr

Location: France

Manufacturer/Supplier:

Neptune Environment Ancrages Harmony

Ideal installation setting:

Seagrass meadows and/or sandy and muddy substrates

Anchoring method:

Within seagrass meadows the Harmony P anchor , otherwise a Helix
anchor is suggested in soft sediments .

Achievable Mooring
Densities:

Smaller swing area than traditional block and chain systems. Figure 18
provides example of increased density according to use of EFM with
reduced scope (<4:1).

Environmental Performance:

Very High; no significant scouring of substrate and minimal disturbance
to seagrass meadows during installation phase.

Breakout Force:

>3,171 kg (>7,000 Ibs)

Installation
Requirements/Maintenance:

=  Screwed into the seabed using divers either by manual
screwing (small anchor sizes) or by hydraulic machine
assisted screwing (larger anchor sizes)

=  Recommended servicing on an annual basis

Approximate Initial Costing:

Approximate Servicing Cost:

Total pricing unavailable at time of report preparation

Unknown ($220 estimate (J Waters 2014, pers. comm.)) plus required
parts replacement (individual component costings not available during
report preparation).

Examples of use (case

studies):

Widely used within the Mediterranean region

Notable Comments:

=  There is no scouring created if the system is screwed well
enough into the substrate. Additionally there is no
alteration of the seagrass meadow mat during the
installation.
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45.3.12 Grouted Screw Mooring System

The Grouted Screw Mooring system has been developed by Pacific
Marine Group Pty Ltd in conjunction with James Cook University (an
international patent is held by Pacific Marine Group for this system).
The system is installed by divers using an underwater drill rig to
screw a 4m long screw shaft into the seabed. As drilling occurs, grout
is pumped out through the lead helix (tip), resulting in a 4m deep,
600 mm concrete column. Once the concrete is set, a pad eye is
bolted on and the rigging attached. The system is typically used for
vessels up to 35 m/300 ton (114.8 t/665,222 Ibs).

As of 2011, this anchoring approach had not been used for
permanent moorings of smaller private pleasure vessels (DEEDI,
2011). Furthermore, no documented accounts of the use of this
approach for small private pleasure vessels were identified

.
63

during this literature review.

Source: Pacific Marine Group Pty Ltd

Contact: http://www.pacificmarinegroup.com.au

Location: Australia (Townsville)

Manufacturer/Supplier:

Pacific Marine Group Pty Ltd

Ideal installation setting:

Sandy and rocky substrates

Anchoring method:

Embedment grouted anchor

Achievable Mooring
Densities:

Smaller swing area than traditional block and chain systems. Figure 18
provides example of increased density according to use of EFM with
reduced scope (<4:1).

Environmental Performance:

High; no significant scouring of substrate

Breakout Force:

Variable. The Grouted Screw Mooring is tailored to suit individual needs,
vessel type and size, substrate type, and local weather conditions.

Installation
Requirements/Maintenance:

=  Drilled and cemented into the seabed using divers using an
underwater drill rig.

=  Recommended servicing on an annual basis.

Approximate Initial Costing:

Approximate Servicing Cost:

Unknown for smaller private pleasure vessels.
Unknown (not previously used for permanent moorings of smaller private
pleasure vessels).

Examples of use (case

studies):

Great Barrier Reef, Whitsunday Islands, Rowley Shoals (Western
Australia), Ashmore Reef (Western Australia) and internationally
(Hawaii)

Notable Comments:

= Utilised in offshore environments, particularly the Great
Barrier Reef.
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45.3.13 Jeyco and Cyclone Mooring Systems/Configuration

Jeyco Mooring System

The Jeyco system configuration uses three anchors to secure
three chains (this forms a tripod) (Jeyco, 2013); as shown in the
(top right-hand) image. Moorings have been designed and
engineered to cope with large storms and cyclones (Jeyco, 2013).
Once secured to the seabed the system is designed not to scour
the seabed as a result of tidal variations and wave motion, whilst
protecting seagrass meadows (Jeyco, 2013).

Similarly, the cyclone mooring configuration uses anchors to
secure three chains to the seabed, which meet at a central ring
and riser chain(see bottom right-hand image) (Demers et al.,
2013). Cyclone moorings are considered as an ‘older’ seagrass
friendly technology (Walker et al. 1989). Although cyclone
mooring configuration is considered ‘seagrass-friendly’, in a
study conducted in Jervis Bay (New South Wales) Demers et al.
(2013) observed large areas devoid of seagrass at all of the
cyclone moorings investigated and sampled. Scoured areas
matched the layout of the mooring chains.

Cyclone Mooring Configuration

Contact: http://www.jeyco.com.au

Location: Australia (Western Australia and Northern Territory)
Source: Outerbridge, 2013

Manufacturer/Supplier:

Cortland Jeyco/variable

Ideal installation setting:

Sandy and muddy substrates

Anchoring method:

Embedment anchors for the Jeyco system (see Jeyco, 2013) and
variable anchors for the cyclone mooring configuration

Achievable Mooring
Densities:

Smaller swing area than traditional block and chain systems. Figure 18
provides example of increased density according to use of EFM with
reduced scope (<4:1).

Environmental Performance:

Medium; supposed no significant scouring of substrate, however with
regard to the cyclone configuration Demers et al. (2013) observed
notable scour zones, devoid of seagrass

Breakout Force:

Dependant on anchoring technique

Installation
Requirements/Maintenance:

=  Dependant on anchor system Jeyco anchoring system
requires experienced mooring/dive contractor

u It is important that all Jeyco moorings are inspected
annually and after storms that may have resulted in
environmental conditions that may have moved the
mooring (Jeyco, 2013).

Approximate Initial Costing:

Approximate Servicing Cost:

Variable; accurate estimate not available at the time of the report
preparation
Variable; accurate estimate not available at the time of the report
preparation

Examples of use (case

studies):

Installations at: Dampier, Jervis Bay Marine Park

Notable Comments:

= Often utilised in offshore environments, particularly with
large vessels

=  Specifics of the cyclone configuration can be customised
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45.3.14 Traditional Style with Subsurface Buoy and High Tensile Rope

An EFM alternative to the traditional deadweight and chain
mooring option (see Section 4.5.2), which includes the
attachment of high tensile rope (rather than steel chain
attached) attached to a mid-water and surface mooring
buoy. The mid-water buoy is designed to ensure minimal to
no drag and scour on the surrounding seabed.

Surface Buoy

The system can be an appropriate alternative to the high
costs of other EFM units and associated installation

requirements. Sub surface Buoy

This approach can be used to retrofit existing moorings -
using deadweight anchors (<1 mz) or be used to create a H
L]
newly installed mooring. Such an example of this is the B !
. ) ) ) = High tensile rope
reported improvised use of 2.1 m (6.9 ft) long iron railway H
segments jetted vertically into sandy substrate connected Train wheel or similar 3
to 22 mm (0.86 inch) chain, and tethering with a sub-
surface ‘pearl-float’ used to eliminate and a surface float Source: Egerton, 2011

which are successfully being used as mooring sites at Rottnest Island (R Northcott 2014, pers. comm.).

This approach provides high environmental performance in terms of no significant scouring of substrate.

The ideal installation setting, breakout force/holding capacity, associated costs and life expectancy for any
such system will vary greatly according to the selected mooring components.

Ideal installation setting: All substrate conditions (depending on selected anchoring technique)
Anchoring method: Various/any anchor types

Achievable Mooring Smaller swing area than traditional block and chain systems. Figure 18
Densities: provides example of increased density according to use of EFM with

reduced scope (<4:1).
Environmental Performance: High; no significant scouring of substrate
Breakout Force: Dependant on anchoring technique

Installation

Requirements/Maintenance: = Dependant on anchoring technique

= Required annual maintenance/assessment

Approximate Initial Costing: Variable according to any selected customised mooring components
Approximate Servicing Cost: | $220 (J Waters 2014, pers. comm.)

Notable Comments:

=  Can be adapted to both pre-existing and new moorings
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4.5.4 Pontoon style moorings

Pontoon moorings can include various types and design features with vessels being tied fore and aft to
pontoons. Variations in pontoons include fixed (stationary) pontoons or swing pontoons, which swing under
the influence of the prevailing wind and currents.

It is common that larger fixed pontoons for heavy vessels are piled (i.e. secured by steel piles driven into the
seabed). To allow for the rise and fall of the tide these piles have to be tall enough to both provide structure
integrity and accommodate water level fluctuations, they therefore can be quite obtrusive in sensitive
locations. Alternatively, pontoons can be secured using elastic rodes, such as Seaflex (see Section 4.5.3.3),
StormSoft (see Section 4.5.3.4), Eco-mooring (See Section 4.5.3.5) or Hazelett rodes (see Section 4.5.3.6),
which are commonly secured using a helix anchoring system or deadweight approach in either a fixed or
swing mooring fashion (see Figure 15).

Regarding pontoon moorings, marine growth should be considered. The presence of pontoon moorings is
known to increase shading to water column and seabed due to pontoon structure, with fixed pontoons
reducing light availability in more concentrated areas, while the swing mooring would shade greater areas
less frequently.

b 4y 9
L et | Source: Hazelett Marin _ Source: Cape Marine Pty Ltd
Figure 15 . Example sketches (left and middle image) of elastic rodes used to secure mooring pontoons and
(right image) swing pontoon.
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454.1

Swing Mooring Pontoons

Swing Mooring Pontoons (Cape Marine Pty Ltd) enable
two vessels to be moored within the area normally
required by one vessel, potentially doubling the mooring
capacity of an area or alternately reducing the area
occupied by moored vessels for navigational,
environmental or planning reasons. Various combinations
of the pontoon can be used as a multiple mooring site.

The Swing Mooring Pontoons can be anchored to seabed
by either deadweight or embedment anchoring
techniques. The use of embedment anchors would
typically reduce scouring of the seabed due to the mooring

pontoon.

Source: Advanced Mooring Technology

Contact: http://www.capemarine.net

Location: Australia (New South Wales)

Manufacturer/Supplier:

Cape Marine Pty Ltd

Ideal installation setting:

Dependant on the anchoring system selected

Anchoring method:

Variable; deadweight or embedment anchors

Achievable Mooring
Densities:

=  Can potentially double the mooring capacity of an area

=  Can reduce area occupied by moored vessels for
navigational, environmental or planning reasons

Environmental Performance:

Dependant on the anchoring and rode system selected
Increased shading to water column and seabed due to pontoon structure

Breakout Force:

Dependant on the anchoring system selected

Installation
Requirements/Maintenance:

=  Dependant on the anchoring system selected

=  Recommended annual inspections of anchor, rodes and
pontoon integrity.

Approximate Initial Costing:

Approximate Servicing Cost:

$8,000 per pontoon for purchase (excl. anchor and rodes) in addition to
installation cost. Alternatively, a lease agreement can be established with
Cape Marine Pty Ltd (G Hill 2014, pers. comm.) for a greatly reduced cost.
$200 plus required parts replacement (e.g. $530 for small Seaflex units).

Examples of use (case
studies):

Previously trailed/installed in various locations along east coast of
Australia, including the Gold Coast Broadwater .

Notable Comments:

= Lease arrangements includes installation, maintenance and
replacement costs (G Hill 2014, pers. comm.). Lease
arrangement costings not provided at time of report
preparation.

= Can be used to create a greater area for navigation in
crowded mooring areas without affecting the established
ceilings for vessel numbers.

= In 2005 design won the Australian Marine Industries
Federation’s Australian Marine Award for New and
Innovative Product.
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4.5.5 Trot (line) Moorings

Trot (line) moorings consists of a long and heavy ground chain anchored at each end, with risers at regular
intervals so that a single assembly serves to moor a number of boats. Trot moorings are deployed in rows of
multiple, connected moorings with vessels tethered fore and aft (see Figure 16). Additional anchors may be
required to hold the ground chain in position, particularly if the main current flow is across the line of the
chain. Anchors are often laid on triangular bridles themselves attached to the main ground line, so that any
improvised stress is redistributed to two or more anchorage points (e.g. see Figure 16). The usual design
principal applies equally to trot moorings in that sufficient resilience must be built in to accommodate shock
loads (Bradney, 1987).

No truly unanimous standards for mooring configurations exist, however moorings within an area tend to be
installed and maintained by a pool of specialised moorings operators and mooring configurations tend to
converge through operational necessity (Latham et al., 2012 reference therein). Examples of reported trot
mooring designs include parallel trot moorings and gridded mooring configurations, which allows for a
greater density of vessels per area (e.g. see Figure 16).

As vessels moored along trot lines do not move around it enables many more boats to be moored in the
same area, increasing mooring density. As the moorings are tied together, even when the trot is unoccupied,
such arrangements can restrict the use of waterways for anything other than mooring. Trots can be single or
double (see Figure 16; double being two boats side by side with fenders on each berth).

Trot mooring patterns and layout can vary greatly, from a two-anchor “string” of moorings, or a three-anchor
triangular pattern, to a square grid using four or more anchors. Additionally, this approach avoids scouring of
the seabed associated with traditional block and chain swing moorings, in addition to providing greater
mooring density. Trot mooring configurations, lengths and area of coverage, number of risers and buoys,
selected anchor type and quantities all dictate the overall cost associated with trot moorings.

The ideal installation setting, breakout force/holding capacity, associated costs and life expectancy for trot
mooring systems vary according to the selected mooring components used as part of the mooring
configuration.

L1111 11
a<:

Source: Bradney, 1987

Source: www.dartharbour.org * “Seurce: www.mysailing.com.au

Figure 16 Example sketches (upper image) of elevation and plan view of trot mooring design and (lower left
image) single trot moorings; and (lower right image) multiple (gridded) trot moorings.
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Contact: Variety of buoy mooring contractors (e.qg. Waters Marine Pty Ltd or Marine Civil Contractors)

Location: Australia (Gold Coast)

Manufacturer/Supplier: Variable; dependant on chosen components

Ideal installation setting: Dependant on the anchoring system selected

Anchoring method: Variable; deadweight or embedment anchors

Achievable Mooring =  No swing area equates to greater ability to increase
Densities:

mooring capacity of an area.

=  Can reduce area occupied by moored vessels for
navigational, environmental or planning reasons.

Environmental Performance: Dependant on the anchoring and rode system selected
Increased shading to water column and seabed due to vessels

Breakout Force: Dependant on the anchoring system selected

Installation

Requirements/Maintenance: =  Dependant on the anchoring system selected.

= Typically annual inspections of anchor, rode and buoy
integrity.

Approximate Initial Costing: For example using the 8 float strait line configuration shown in Figure 16
with an example water depth of ~3 m (10 ft) during high water, trot length
of 64 m (210 ft) and 6 helical anchors would cost an approximate

total of $10,500%°. Installation costing not included.

Approximate Servicing Cost: $200 plus required parts replacement

Examples of use (case Previously trailed/installed in various locations domestically and
studies): internationally.

Notable Comments:

= Flexible mooring configuration options for particular
needs/requirements

=  Effective option for increasing mooring density

=  Load considerations to be given to fore/aft moorings due to
cross vessel forcing (e.g. cross-beam winds and vessel
wake)

= Approximate cost inclusive of mooring buoys, float chain, bottom chain, helix anchors, links and shackles as per
example configuration (see Figure 16). This hypothetical configuration would accomodate 7 (or 14 for double/parallel
moorings) vessels [9 m (30 ft) between mooring buoys].
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4.5.6 Pile moorings

Pile moorings provide fore and aft attachment points
for mooring vessels, commonly found along the edges
of channels, rivers and tributaries, parallel to the main
tidal flow. The piles are driven into the seabed
connected above the water level to provide a platform
or mooring point. Pile moorings are commonly placed
on the line of the bank at a distance from the shoreline
so as not to restrict vessel access due to limited water
depths during tidal variations.

Installation is typically achieved using an accurate
hydraulic driving rig mounted on a jack-up barge, https.//www.hoveto.com
otherwise pilings can be jetted into position (sandy
substrates).

For further information see Section 4.2.3.

. wal
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-

https://wWw: fiaricl.com
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Contact: Variety of mooring contractors (e.qg. Waters Marine Pty Ltd or Marine Civil Contractors)

Location: Australia (Gold Coast)

Manufacturer/Supplier:

Variable; dependant on chosen components (e.g. Kopppers or Rocla)

Ideal installation setting:

Dependant on setting and substrate properties

Anchoring method:

Piles

Achievable Mooring
Densities:

= Commonly located along edges of channels, rivers and
tributaries, parallel to main tidal flow.

=  No swing area equates to greater ability to increase
mooring capacity of an area

= Northland Regional Council (2012) provide calculations for
determining the maximum lengths of vessels suitable for
specific pile spacing, or alternatively, necessary pile
spacing for vessels of given lengths.

Environmental Performance:

High; no significant scouring of substrate
Increased shading to water column and seabed due to vessels

Breakout Force:

High lateral capacity (>45 t [100,000 Ib]) achievable®®
The capacity of a pile to sustain anchor line pull depends upon the line
angle, the pile size and stiffness, and the seafloor material(s).

Installation
Requirements/Maintenance:

=  The size and cost of equipment is substantial, making other
alternatives more attractive where the number of anchors
needed is too small to justify mobilising a pile installation
capability.

=  Maintenance inspection every three years and replaced on
an individual basis (Northland Regional Council, 2012).

Approximate Initial Costing:

Approximate Servicing Cost:

Variable depending on material (e.g. 1 x pre-cast spun concrete
~$4,000 and 1 x concrete pile (reinforcing frame) inside PVC jacket
~$2,000). Installation cost not included/

$200 plus required parts replacement

Examples of use (case

studies):

Installed in various locations domestically and internationally, for
example Brisbane river and Northland Shire (New Zealand).

Notable Comments:

=  Protrudes above waterline
=  Substrate information (geotechnical data) important

=  Load considerations to be given to fore/aft moorings due to
cross vessel forcing (e.g. cross-beam winds and vessel
wake)

=  Resists high uplift as well as lateral loads, permitting short
scope mooring (mooring density increase)

% Sound & Sea Technology Engineering Solutions, 2009. Advanced Anchoring and Mooring Study. Report prepared for
Oregon Wave Energy Trust. Oregon.
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4.6 Example Case studies for Trials Utilising Environmentally Friendly Mooring

Systems

The following section provides examples where EFM systems have been trialled or are in use. The list is not
an exhaustive list but rather provides a selection of relevant Australian and international case studies of the
trials and use of EFMs. As traditional ‘swing’ moorings, trot, pontoon and piling moorings are more
established modes of moorings with widespread use throughout diverse coastal and estuarine settings (both
nationally and internationally), no specific case studies for these more established mooring systems are
provided. Alternatively, location examples from varying environmental settings are provided below:

Example traditional mooring locations:

=  Moreton Bay Marine Park (Queensland)

= Trinity Inlet, Cairns (Queensland)

= Port Phillip Bay and Western Port
(Victoria)

Example trot mooring locations:

= Port Douglas (Queensland)
=  Fowey Harbour (UK)
= Torpoint Harbour (UK)

Example pontoon mooring locations:

=  Cowes, Isle of Wight (UK)
=  River Avon (UK)
= Helford River (UK)

Example pile mooring locations:

=  Brisbane River (Queensland)
=  Mooloolaba River (Queensland)

= Patterson River, Port Phillip (Victoria)

Whitsundays (Queensland)
Florida region (USA)
Canterbury (New Zealand)

Dartmouth (UK)
Port-Rhu (France)

Belle-lle-en-Mer (France)

River Saone (France)
Yarmouth (UK)

Kettering (Tasmania)

Figueira da Foz (Portugal)
Miami-Dade region (USA)

River Saone (France)
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4.6.1 Australian Case Studies (Environmentally Friendly Mooring Systems)

Both Bowman (2008) and more recently Outerbridge (2013) provide summaries of previously conducted field
trials using EFM approaches in Australia between 1986-2012 and provide commentary regarding the
effectiveness of the EFMs in protecting and restoring seagrass and benthic faunal communities, and any
issues identified and documented during the trials. Additionally, Bowman (2008) provides points of contact
for further information.

Field trial locations include those in:

= Moreton Bay Marine Park (Queensland) = Pittwater (New South Wales)

= Many Cove (New South Wales) =  Gippsland Lakes (Victoria)

=  Port Stephens — Great Lakes Marine = Port Phillip Bay and Western
Park (New South Wales) Port (Victoria)

= Jervis Bay Marine Park (New South =  Rottnest Island (Western
Wales) Australia)

Figure 17 illustrates the location of the above mentioned example EFM trial locations.

Port Stephens

Manly Cove

i Pittwater
Rottnest Island

Port Phillip Bay 4| Gippsland Lakes
Western Port ' AG e

Figure 17 Locations of environmentally friendly moorings trials/uses.
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4.6.1.2 Moreton Bay Marine Park (Queensland)

Three EFM designs were trialled at four different locations in Moreton Bay (Seagrass Friendly
Moorings, EzyRider mooring and Seaflex mooring).

18 months and all the moorings were serviced twice.

Trial monitored the effectiveness of the Seagrass Friendly Moorings to hold boats in the
conditions of Moreton Bay, in addition to investigating benthic fauna, EFM impacts on nearby
benthos, the EFM causing the least damage to seagrass meadows, and the differences
between areas with moorings to nearby areas without moorings.

Seagrass Friendly Moorings successful EFM technology in reducing scour of seagrass
meadows.

EFM were shown to reduce the impact to seagrasses and other benthic organisms around the
moorings.

Minor modifications were made to EFM designs to suit Moreton Bay’s conditions, highlighting
the need for local EFM industry.

Associated engineering study found that the Seagrass Friendly Mooring System anchor design
is sufficient to hold private pleasure vessels in Moreton Bay (See Ash et al., 2011).

Questionnaires were developed to identify project and mooring issues. These were completed
by the trial participants after the first EFM service.

Mooring owner satisfaction with the EFM company varied with issues experienced. Some issues
may have been avoided through the existence of a local EFM industry, with ready access to
local expertise, experience, parts and accessories.

Installation issues associated with each mooring, included:

The EzyRider mooring at Point Halloran was shifted because it had too large a swing area. A
‘locking bar’ was not supplied with the EzyRider, and also the supplied shackles were not the
recommended ‘green pin safety shackles’ (DEEDI, 2011).

Minor corrosion was evident in July 2011 on the steel shackles of SFMs; these were replaced
with stainless steel shackles (DEEDI, 2011).

The swivel eye of the EzyRider mooring at One Mile was found to be seized in October 2010.
The long chain was observed in October 2010 to pull the buoy rubbers down at low tide,
causing the chain to drag (DEEDI, 2011).

The mooring rope twisted around the Seaflex hawser in October 2010, due to the longer rope
length required in deeper water, and the rope dropping on low tide with little boat activity
(DEEDI, 2011).

Following installation of over 100 Seagrass Friendly Mooring installations during 2012 and 2013
as part of the SEQ Catchments Seagrass Recovery program in Moreton Bay a conducted
survey of participants reported >80% satisfaction regarding new mooring, >90% satisfaction
regarding installation process and 80% of respondents indicating they would recommend
Seagrass Friendly Moorings to others (J Bolzenius 2014, pers. comm.)

One of the recommendations of the study was that Government, the EFM industry and the
boating community must work together to facilitate uptake of EFM (DEEDI, 2011).

Identified issues that may slow the uptake of EFM in Moreton Bay and in Queensland included:

Higher cost of EFM due to more complex installation (divers; drill rigs) and / or more expensive
components than traditional moorings, especially when only small numbers are being
constructed and installed.
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= Scarcity of local EFM manufacturers / contractors in Queensland.

. Mooring modifications may need to be made due to differing environmental conditions
throughout the state; however the flexibility of existing EFM designs may allow this.

46.1.3 Manly Cove (New South Wales)

=  Four Seagrass Friendly Moorings were installed in Manly Cove (East).

=  There were no technical issues with the Seagrass Friendly Moorings in 2010 and 2011.

= One Seagrass Friendly Mooring was found to be malfunctioning in 2012 (the end of the arm was
dragging in the sand).

= A second Seagrass Friendly Mooring was on the verge of malfunctioning in 2012 as well
(Outerbridge, 2013 reference within).

4.6.1.4 Port Stephens — Great Lakes Marine Park (New South Wales)

=  Five Seagrass Friendly Moorings were installed.

=  The moorings were inspected and all appeared to be functioning properly (Gladstone, 2011).

4.6.1.5 Jervis Bay Marine Park (New South WWales)

=  Seagrass friendly moorings installed at Callala Bay.

= Cyclone moorings installed.

= Jeyco moorings installed in Jervis Bay Marine Park (JBMP) by Marine Park Authority (MPA) in
collaboration with NSW Maritime and the Jervis Bay Cruising Yacht Club.

=  Project complimented the development of a JBMP Mooring and Anchoring Strategy, which was
being prepared in partnership with NSW Maritime.

=  Large areas were cleared of seagrass at all of the cyclone moorings. These areas were in the
form of a “Y” shape, very similar to the layout of the mooring (Demers et al. 2013).

= Jervis Bay MPA had originally planned to install EzyRider moorings. However, when drilling
them into the seabed they hit a shale/rock substrate and were only able to install one of these
moorings. The EzyRider mooring subsequently experienced problems with the wearing of the
elasticised component of the apparatus (Bowman, 2008).

= As of 2008 the Jeyco moorings had so far worked well and there were plans to install three
more (Bowman, 2008 pers. comm. within).

4.6.1.6 Pittwater (New South Wales)

=  Six seagrass friendly moorings were monitored to assess seagrass growth annually for three
years (2009-11).

=  Maps showed that the size of mooring scours around seagrass friendly moorings decreased;
this trend did not occur around the block and chain moorings (Outerbridge, 2013 reference
therein).

=  The cover of sand was significantly greater in the mooring scours of seagrass friendly moorings
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and block and chain moorings than the surrounding seagrass beds (Outerbridge, 2013
reference therein).

= All seagrass friendly moorings appeared to be functioning correctly, with the exception that part
of the shackle linking one seagrass friendly moorings to the float rope was dragging in the
sand (Gladstone, 2010b).

46.1.7 Gippsland Lakes (Victoria)

= [Installation of Seaflex mooring and Ezyrider mooring.

= Preference by public boaters for Seaflex design because it held the mooring connection above
water where it was easy to collect.

=  The Seaflex moorings have were observed to work well and there were no problems in terms of
their capacity to hold boats in all conditions (Bowman, 2008 pers. comm. within).

= The purpose of the switch to SFMs is not only for the protection of benthic habitat but also for
space.

= Block and chain moorings take up a larger space than seagrass friendly moorings which is
becoming a greater problem as demand for mooring sites increases in Gippsland Lakes
(Bowman, 2008 pers. comm. within).

4.6.1.8 Port Phillip Bay and Western Port (Victoria)

= Parks Victoria installed several EzyRider moorings (for courtesy moorings) in Port Phillip Bay
and Western Port.

=  These moorings occurred in a range of environments including areas that are exposed to strong
currents and abrasive sediments. The moorings are serviced annually and have not
experienced any problems.

=  There were several issues relating to moorings that need to be addressed: it is not uncommon
for moored vessels to break free (if they are not maintained properly); there is increasing
demand on space for moorings (seagrass friendly moorings use a much smaller swing space
than traditional block and chain moorings); block and chain moorings in sensitive benthic
environments are environmentally unacceptable. W Hill 2008, pers. comm. within Bowman
(2008) suggested that a national standard is required for moorings to address all these issues.
The standards could involve an efficiency rating (relating to space), safety rating and
environmental rating (Bowman, 2008).

4.6.1.9 Rottnest Island (Western Australia)

= Installation of cyclone moorings by Rottnest Island Authority (RIA) (Outerbridge, 2013 reference
therein).

=  Traditional block and chain moorings had an average scour size of 39 mZ. The cyclone
moorings reduced this to as low as 3 m?, however the new moorings often created three
scours, approximately 10m in diameter, where the lower anchor chains were scouring the
seagrass meadows (Outerbridge, 2013 reference therein).

= A good and successful option for EFM used at Rottnest Island has been the use of small ‘pearl-
buoys’ attached to the mooring anchor in the mid-water column, which provides a cheap and
alternative and minimises bottom scour (R Northcott 2014, pers. comm.).
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Outerbridge (2013) provides commentary of the trial findings and summarises that the Seagrass Friendly
Mooring design has proven to be the most reliable and effective during the EFM trials; the Seaflex and
EzyRider designs also produced positive results in terms of seagrass recovery, however they were prone to
more technical issues; suppliers have worked to resolve these issues by refining the designs (DEEDI, 2011).
Cyclone moorings created significant scouring and therefore the current design is deemed unsuitable as an
EFM (Outerbridge, 2013 reference therein).

Furthermore, Outerbridge (2013) provides results from a conducted survey developed for key stakeholders
with the purpose of identifying important issues and plan for the future direction of the use of EFMs:

=  Costs for EFMs can be reduced by increasing awareness about their benefits and therefore
uptake will rise, increasing Government support for the industry and the creation an EFM

policy position, introducing environmental standards for all moorings and increasing suppliers
and trained contractors.

=  Technical issues can be overcome through further design refinement, trials and increased
maintenance.

=  Supply can be made more efficient by expanding the EFM industry, creating competition,
quicker responsiveness and increasing qualified contractors, and the prevention of a
monopoly.

=  Stakeholders agree that EFMs are an effective alternative to block and chain moorings. A
moratorium should be introduced through an EFM policy to prevent the ongoing use of block
and chain moorings, with possible incentives to replace existing moorings.

= Future trials should incorporate better communication with boating stakeholders, increased
control sites and block and chain moorings, training of participants, EFM strength testing,
increased EFM sampling sizes and testing in new wind, wave and light scenarios.
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4.6.2 International Case Studies (Environmentally Friendly Mooring Systems)

Example international case studies using EFM systems (e.g. Seaflex, Helix anchors, Eco-mooring and
Hazelett rode mooring systems, Harmony anchor system, etc.) include:

= Bermuda® =  Studland Bay (United Kingdom)36
= Port-Cros National Park (France)28 = Isle of Man®
= Cerbére-Banyuls Marine Park = Philippines38

(France)29

= Connecticut (USA)39

= Florida (USA)*

= Massachusetts (USA)"’
= St Martin (USA)*

= Andros Island (Greece)*
= Zakynthos (Greece)®'
= Cornwall (United Kingdom)®

= Falmouth, Mylor Harbour (United

Kingdom)®® = Balearic Islands (Spain)*
L M isl . (44
= Lundy Island (United Kingdom)** edas islands (Spain)

= Portinho da Arrabida bay (Portugal)*
- Porth Dinllaen (United Kingdom) % ortinho da Arrébida bay (Portugal)

The associated footnotes provide a source guide for additional supplementary information for each case
study example. Additionally, where possible technical reports documenting the above case studies have
been included in the supplementary electronic file collection (see Appendix | for file name listings and
available supplementary readings).

2 http://jncc.defra.gov.uk/pdf/Bermuda_Seagrass_Restoration_final-report.pdf

28 o . . )
http://www.enezgreen.com/destinations/site/preserving_the_marine_area_of_porquerolles-165/

23 http://www.torredelcerrano.it/docs/CASIER%20R.,MPA%20in%20Mediterranean%20Sea,%20Europarc2011.pdf

http://ec.europa.eu/environment/life/project/Projects/index.cim?fuseaction=search.dspPage&n_proj_id=4091&docType=
df
! http://www.nmp-zak.org/Life_Env/pdfs/InterimReport.pdf
%2 See Egerton (2011)
% See Egerton (2011)
% See Egerton (2011)
% See Egerton (2011)
% See Egerton (2011)
%7 See Egerton (2011)
http://whc.unesco.org/en/activities/15/
http://www.mass.gov/eea/agencies/dfg/dmf/programs-and-projects/seagrass.html
40 http://hosted.verticalresponse.com/325408/6fef37cc4d/1422002870/005beef389/
http://www.mass.gov/eea/docs/dfg/dmf/programsandprojects/neers-mooring-poster.pdf
“2 See DEEDI (2011)
http://www.kennaecodiving.net/component/[downloads/finish/2/16?Itemid=0
** See Diaz-Almela and Duarte (2008)
> See CCMAR (2007)
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5.0 COMPARISON OF IDENTIFIED VESSEL MOORING
INFRASTRUCTURE TECHNOLOGIES

There is a number of mooring infrastructure technologies available for authorities or mooring managers to
consider, which differ according to financial, environmental and operational considerations.

The configuration of mooring sites and mooring infrastructure technology employed, within any given area,
needs to be met with the financial and technical capabilities, in addition to planning and installing a mooring
buoy system which is mindful of any environmentally considerations. Creativity and improvisation on the use
of buoy moorings can be used to design a system to meet the needs of local conditions and/or desired
outcomes.

A comparison of the identified vessel mooring infrastructure technologies is presented in this section by
considering functional, economic and environmental parameters:

= |deal substrate

= Breakout force/Holding capacity

= Associated cost and consideration (components, installation and maintenance of mooring
systems)

= Influence on mooring densities/field design
= Effectiveness for protection of environment
= Location of supplier

] Demonstration of successful use

Additionally, relevant details for each reporting parameter are also described in the below sections in an
effort to provide context with regard to importance and relevance to each parameter assessed, which is
included as part of the comparison matrix analysiapproach (see Section 5.2).

5.1 Infrastructure Technology Comparisons
5.1.1 Ideal Substrate

Table 2 provides a list of mooring anchors and the reported ideal substrates and required depths for use.
Change in substrate type influences the suitability (i.e. holding capacity) of anchors within a given region and
as such needs to be a major consideration. The inappropriate selection/use of anchors, according to
substrate conditions, can significantly limit the holding capacity when used for vessel mooring

applications.

Within the Gold Coast Broadwater the seabed substrate is predominantly sandy (with areas of varying
particle size). Additionally, the depth of the sediment type in the bottom substrate is also an important
consideration for embedment anchors. As such detailed substrate (geotechnical) data would be

required when investigating the use of anchoring systems within proposed mooring locations.
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Table 2 Reported ideal substrate conditions according to anchor type.

A h of
Mooring Anchor Ideal substrate pproximate dept ,?
substrate reqwred

Deadwelght Anchors

Weighted blocks

Sand, mud, clay

not applicable

Mushroom anchors

Mud and silt

not applicable

Pyramid (Dor-Mor) anchor

Sand, mud, clay

not applicable

Embedment Anchors

Grouted (eye-bolt) anchors

Rock/limestone

<1m (<3.3 ft)

Grouted Screw Mooring Anchor

Sand and rock

2-3 m (6.6-9.8 ft)

Manta-Ray anchor Sand 2 m (6.6 ft)

Helix anchor Sand 2m (6.6 ft)

Mooring Anchor Device Sand 2m (6.6 ft)

Steel Coil Screw Anchor (Harmony type P) Sandy seagrass 1.5-2 m (4.9-6.6 ft)
meadows

Improvised Embedment Anchors All substrate variable

Pilings

Concrete, marine timber, fibreglass, steel Sand, mud, clay variable

* Dependant on anchor size/length

5.1.2  Breakout force/Holding Capacity

A mooring anchors’ ability to secure a vessel is of utmost concern to vessel operators/regulators and is
dependent on a variety of variables, including the required scope (see Section 5.1.4). For the purposes of
this report, the features of primary interest are the breakout force for anchor types and the holding potential
for rode types. Most issues with mooring components such as shackles and pennant lines are equally
applicable to all mooring systems (Urban Harbour Institute, 2013).

There are a number of advertised certified and uncertified (J Coomber 2014, pers. comm.) documented tests
reporting the breakout force/holding capacity of the various types of mooring anchors. Additionally, it is worth
noting that conditions (e.g. sediment type and scope) during testings are not typically uniform, which is
influential on test results. Furthermore, it is important to note that the nature of these tests typically do not
replicate the actual forces applied to anchors as they moor boats (Urban Harbors Institute, 2013).

Personal correspondence with individuals with industry experience (J Coomber, H Jackson, J Bolzenius, J
Waters) suggest that the occurrence of sand waves within the Gold Coast Broadwater should be considered
when installing new moorings. Additionally, erosion occurring around mooring blocks under strong current
action must also be considered when considering mooring installations.

To provide context when comparing the different anchors available it is useful to examine the different loads
or strengths that are required for the safe mooring of vessels. Table 3 provides a summary of estimated
loads (kg or Ibs) of vessels at variable wind speeds (knots) for single point anchor moorings. Consideration
needs to be also given when deciding the use of fore/aft moorings of the exerted loads on the two anchor
points and rodes.
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Table 3 The load on vessels at high wind speeds of 64 knots and 100 knots (Source: Egerton, 2011).

Beam width of Estimated Load in 64 Estimated Load in 100
vessel knot wind conditions knot wind conditions

Length of vessel

3.0 m (10 ft) 12m (4 ft) 0.33 t (729 Ibs) 0.68 t (1,501 Ibs)
4.6 m (15 ft) 1.5m (5 ft) 0.51t (1,126 Ibs) 1.13 1 (2,495 Ibs)
6.1 m (20 ft) 2.1'm (7 ft) 0.74 t (1,634 Ibs) 1.63 t (3,598 Ibs)
7.6 m (25 ft) 2.4 m (8 ft) 1.01 (2,230 Ibs) 2.27 £ (5,011 Ibs)
9.1 m (30 ft) 2.7 m (9 ft) 1.44 £ (3,179 Ibs) 3.18 t (7,020 Ibs)
10.7 m (35 ft) 3.1 m (10 ft) 1.85 (4,084 Ibs) 4.08 t (9,007 Ibs)
12.2 m (40 ft) 3.4m (11 ft) 2.47 t (5,453 Ibs) 5.44 t (12,009 Ibs)
15.2 m (50 ft) 4.0 m (13 ft) 3.29 t (7,263 Ibs) 7.26 t (16,027 Ibs)
18.3 m (60 ft) 4.6 m (15 ft) 4.1t (9,073 Ibs) 9.07 t (20,022 Ibs)
21.3 m (70 ft) 5.2 m (17 ft) 4.54 £ (10,022 Ibs) 10.89 t (24,040 Ibs)

Table 4 provides an example of reported breakout forces for tests recently completed (2014) at Bonnells Bay
and Swansea Channel (New South Wales) using various anchors (J Bolzenius 2014, pers. comm.), in
addition to tests undertaken at Paradise Point, Gold Coast Broadwater (sand and mud bottom) (J Waters
2014, pers. comm.).

Table 4 Reported peak load/break out force according to anchor type (Australian testing; Lake Macquarie and
Gold Coast Broadwater) (J Bolzenius 2014, pers. comm. and J Waters 2014, pers. comm.).

BT Location Peak load measured Test result
anchor/system

Conventlonal

' Bonnells Bay | Bay

108t (2,3841bs) (2,384 Ibs)

Breakout

Eco Mooring

Bonnells Bay

1.49 t (3,289 Ibs)

Breakout

Seagrass Friendly
Mooring

Bonnells Bay

1.94 t (4,283 Ibs)

No Breakout

Mooring

Channel/Pelican

1.81t (3,996 Ibs)

Swansea
Conventional Channel/Pelican 0.7 t (1,545 Ibs) Breakout
Swansea
Eco Mooring Channel/Pelican 1.64 (3,620 Ibs) No Breakout
Seagrass Friendly Swansea

No Breakout

Conventional

Bonnells Bay

1.08 t (2,384 Ibs)

Breakout

Helical screw

Paradise Point

5.00 t (11,038 Ibs)

No Breakout

Furthermore, Table 5 presents example reported breakout forces for a variety of anchors. In Vineyard

Haven, (USA) a pull test showed that the helix anchor provided the greatest holding power, followed by a

1,359 kg (3,000 Ibs) concrete block. The helix anchor also provided the best holding power in a test
conducted by Boat US Insurance.
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Table 5 Reported breakout force according to anchor type (USA testing).

s ) BoatU.S.

. . arasota . . .

Test BoatU.S. Vl'_:’ae\f’:r:d V;’:\}’:r:d BoatU.S. Sailing = BoatU.S. Vg’:\)’:r:d Vg‘:\f’:r:d Boatu.s. | /ineyard Haven
Squadron Sarasota Sailing

Squadron

ﬁ‘“"h” 3,624 kg 2,718 kg 1,359 kg 906 kg 680 kg 227 kg 227 kg 159 kg 294 kg Various sizes

w'g’i ght (8,000 Ibs) = (6,000 Ibs) = (3,000 Ibs) = (2,000 Ibs) (1,500 Ibs) = (500 Ibs) = (500 Ibs) (350 Ibs) (650 Ibs)

Breakout 1,812 kg 1,450 kg 951 kg 362 kg 362 kg 543 kg 770 kg 906 kg 2,039 kg 4,530-9,422 kg

force (4,000 Ibs) (3,200 Ibs) = (2,100 Ibs) = (800 Ibs) (800 Ibs) | (1,200 Ibs) = (1,700 1bs) = (2,000 Ibs) = (4,500 Ibs) = (10,000-20,800 Ibs)

Holding 0.5 0.5 0.7 0.4 0.5 2.4 3.4 5.7 6.9

power

BoatU.S. — 1995 BoatU.S. Insurance pull-test conducted by BoatU.S., MIT and Cruising World in Newport (USA)

Vineyard Haven — Test performed at Vineyard Haven (USA) by Helix Moorings with harbormasters, marine writers and BoatU.S. in attendance

Sarasota Sailing Squadron — 2007 Practical Sailor test conducted at the Sarasota Sailing Squadron

*Holding power is defined as breakout force/anchor dry weight and represents the pounds of force the mooring can hold per pound of anchor dry weight (e.g. for an anchor with a
breakout force of 1,812 kg (4,000 Ibs) and a dry weight of 3,624 kg (8,000 Ibs) the holding power is 0.5 [i.e. 4000lbs/8,000Ibs = 0.5]
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In addition to the issues related to the holding capabilities of the anchor, it is also important to understand the
holding capabilities of the rode system itself. Mooring chain strength varies depending on factors such as the
construction materials, the size of the chain, the condition of the chain, and the grade of the chain (Urban
Harbour Institute, 2013).

According to Urban Harbour Institute (2013) no study exists which compare holding capabilities of the
different conservation mooring technologies; however manufacturer claims for the Hazelett mooring, Eco-
Mooring System, StormSoft mooring, and the Seaflex mooring are presented in Table 6 (Urban Harbour
Institute, 2013). Accurate and verified calculations for the required holding power of moorings for vessels of
different sizes under different conditions is not available, yet anecdotal reports suggest that EFM moorings,
if adequately designed for vessel size and mooring location features, have the ability to securely hold a
vessel under extreme conditions (Urban Harbour Institute, 2013).

Table 6 Holding power of various EFM elastic rodes, based on manufacturer claims (Modified from: Urban
Harbour Institute, 2013).

Elastic rode Description range of rodes Holding power*

- Single 2.4 m (8 ft) x 44.5 mm - 41(8,830 Ibs) (boat weight)
(1.75 inch) rode - 351 (77,263 Ibs) (boat weight)
. 46 ’
Hazelett Mooring - quadruple 2.4 m (8 ft) x 44.5 mm
(1.75 inch) rode
. _ - 2.4 m (8ft)x 15.9 mm (0.63 inch) - ?t (1 1;838 Ibs) (breaking
co-mooring ) streng
system*’ .3'7hm (12 1t) x 33.3 mm (1.31 - 16.6 t (36,645 Ibs) (breaking
inch) strength)
- Any arrangement with bypass - 161 (35,320 Ibs) (breaking
SeaFlex Mooring™ system included strength of bypass system)
eariexvlooring - Size 10 system 0.6-22.9m (2-75 | - 151t (33,113 Ibs) (breaking
ft) strength)
) - Approximately 3 m (10 ft) system - 9-121(19,868-26,490 Ibs)
SgogthSgcf,triEl%‘sgtlc (1.5 m [5 ft] rubber surrounded by (tensile strength)
9 braided rope)

*It is important to note that some manufacturers refer to the “holding power” as the breaking load (e.g. Seaflex System)
while others refer to the holding power as the breaking strength (e.g. Eco-Mooring System), and others refer to the
holding power in terms of the weight of the boat being held, not the force being applied (e.g. Hazelett Mooring) making it
somewhat difficult to accurately compare technology holding powers (Urban Harbour Institute, 2013)

5 From http://www.hazelettmarine.com/pdf/HM%20Hazelett%20Elastic%20Mooring%20Systems.pdf

*" Data from Merrill, personal communication

8 Data from Hylland, personal communication. It should be noted that the Seaflex system is designed to become
stronger as it elongates, and that the breaking point is not what the company advertises as the holding capacity. Instead,
Seaflex focuses on the working load and force to elongation ratio to ensure that the mooring is appropriate for the
intended vessel and conditions.

“9 Data from Lefebvre, personal communication
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5.1.3  Associated Cost (Components, Installation and Maintenance of Mooring Systems)

The costs associated with mooring infrastructure technology can be thought of in terms of cost of
components, installation and maintenance. It is important to note that the costs listed within this report
($AUD) are estimations (including currency conversions). Secondly, in practice the cost per mooring will vary
greatly depending on the number of moorings required and the installation equipment costs (relating to
mooring location and substrate type).

The cost of any mooring system is dependant, at least in part, on the features of the vessel and the
environment in which it is moored (Urban Harbour Institute, 2013). The primary difference in total cost (and
breakout force/holding capacity) between mooring systems is principally related to the anchor and the rode
system component costs.

5.1.3.1  Anchor Costs

Anchor selection (type and size) varies depending on the vessel size, the substrate type and environmental
conditions. Table 7 presents a comparison summary of typical costs associated with various anchor types.

Table 7 Typical cost ranges according to anchor type.

. Typical example cost range
Mooring Anchor ($AUD)

Deadweight Anchors

Weighted blocks $700-$1,200
Mushroom anchors $750-$3,200
Pyramid anchor $2,000-$3,000
Embedment Anchors

Grouted (eye-bolt) anchors $70-$950

Grouted Screw Mooring Anchor --

Manta-Ray anchor ~$450

Helical (screw) anchor ~$650

Mooring Anchor Device ~$500

Steel Coil Screw Anchor (Harmony type P) $450-$2,200
Improvised Embedment Anchors Variable (e.g. $300-$3,000)
Pilings

Concrete, marine timber, fibreglass, steel Variable (e.g. ~$2,000-$6,000)

5.1.3.2 Rode System Component

In addition to the cost of the anchor, there is also the cost of the rode system. Prices vary according to
factors such as type, materials used and retailer/supplier. For the purpose of comparison, costs are typically
compared per length. Such comparisons can be made for a known water depth and necessary required
scope (e.g. in 3 m [10 ft] water depth, 9.1 m [30 ft] chain is required to a 3:1 scope and adequate holding
power).
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Table 8 Typical rode cost ranges according to type/design

Example chain (e.g. 15.9 to 19.1 mm [0.63 to 0.75 inch]) $33-$99/m ($10-$30/ft)
Example rope $3-$10/m ($1-$3/ft)
SeaFlex Mooring (variable lengths; e.g. 0.6—22.9 m [2— .

75 ft]) $1,700-$3,980
StormSoft Elastic Boat Mooring (variable lengths; e.g. 3 m $2.250

[10 ft] system) ’
Eco-mooring system (variable lengths; e.g. 2.4 m [8 ft] x _

15.9 mm [0.63 inch]) $600-825
Hazelett Mooring (variable lengths; e.g. 2.4 m [8 ft] x _

44.5 mm [1.75 inch]) $1,000-3,000
EzyRider Mooring $2,500
Seagrass Friendly Mooring $1,500

5.1.3.3 Component Installation and Maintenance

The cost of installing and maintaining EFMs compared with traditional block and chain moorings has been
raised as a significant issue regarding the uptake of the technology. One of the primary reasons for this is the
increased costs and logistics associated with installing embedment anchors (e.g. Helix and Manta-Ray
anchors). Additionally, the installation of pile moorings also typically incurs a greater cost in comparison to
traditional block and chain moorings. Trot moorings can be installed with either deadweight or embedment
anchors, and as such the installation requirements and associated costing are variable.

Deadweight anchors are typically a cheaper installation option than embedment anchors with deadweight
anchors typically being installed in far less time than helical anchors. According to estimates, a helix anchor
can be hydraulically installed by a mooring installer for approximately $500-$1,000 (for a shallow water-
sandy substrate installation), depending on factors such as water depth and substrate, which affect the
amount of time it takes to install the anchor.

The cost of installing the rest of the mooring varies depending on the mooring installer. Installation of many
EFMs in a small area reduces costs and logistics. For example, it is better to concentrate on implementing
EFMs in one area before moving to another location, rather than having few and more expensive EFMs
spread across many locations. (DEEDI, 2011)

As with expenses associated with mooring installation costs, maintenance costs (and schedules) vary
depending on the mooring technology being used and the environmental setting. The biggest difference in
maintenance costs between EFM and traditional moorings typically relates to the replacement of the rode
system (Urban Harbour Institute, 2013). For conventional deadweight and chain moorings, in addition to trot
mooring configurations utilising deadweight anchors, the need for replacement of the chain differs depending
on the size of the chain and the wear and tear from movement underwater.

The condition of the mooring is most often established during inspections (typically annually), and while
methods of inspection vary from inspector to inspector, the costs of inspecting an EFM and a conventional
mooring are roughly comparable. Annual mooring inspections are approximately $200 (+GST) for both
traditional and alternative mooring systems (J Waters 2014, pers. comm.). Rates of component replacement
and servicing costs are dependent on the mooring technology and technology combinations, for example:

“The mooring tackle will last longer with an Eco-Rode due the better shock absorption, and should
mean less replacing of other shackles and chain or rope. | believe overall the cost of maintaining
the Eco-Mooring will be much the same as normal moorings now.” (J Waters 2014, pers. comm.)
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5.1.3.4 Approximate Total Cost

Table 9 presents a summary of the initial approximate total cost ranges of each mooring system approach
(i.e. component/materials and installation costs) for comparative purposes between mooring systems.

In an effort to provide accurate approximate costs for each mooring system first-hand accounts have been

sought from manufacturers, suppliers and/or installers. However, in some instances due to lack of returned
correspondences costs have been sourced from third party literature. In some instances approximate costs
were not available at the time of the report preparation. All costs are reported in $AUD.

Additionally, it must be appreciated that these costs are typical cost ranges, which are commonly influenced

by factors such as the number and settings of installation/s, the specific installer commissioned and any
specific needs regarding specific moorings and vessel considerations.

Table 9 Reported total set-up cost according to mooring system type.

. Approximate total set-up cost [single system
Anchor/Mooring System purchase and installation costs] ($AUD)

Traditional Buoy ‘Swing’ Moorings $2,000-$3,500
Seagrass Friendly Mooring $3,100
Seaflex Mooring System (w/ helical anchor) $1,490-$2,200
StormSoft (w/ helical anchor) $2,250 for vessel up to 25t (55,188 Ibs) or 13.4
m (40 ft)
Eco-Mooring (w/ helical anchor) $3,300-$3,630
Hazelett (w/ helical anchor) $2,000-%$4,500
Mooring Anchoring Device Mooring System $1,900
EzyRider mooring system $4,000
Halas system $1,600-$1,800
Harmony system (w/ Harmony type P anchor) $1,450-$3,200

Grouted screw moorings system --

Accurate estimate not available at the time of
the report preparation/Variable

Customised traditional mooring with subsurface Variable according to any selected customised

Jeyco/cyclone configuration

buoy and high tensile rope mooring components

FiX(_ad Pontoon (elastic rodes generalised and $9.000

Helix) ’

Fixed Pontoon (Pile) >$5,000

avevllir;galr::ggé?)on (elastic rodes generalised and $9.000

Trot mooring (helical anchors) Variable according to design (e.g. $>5,000)
Pile mooring (per pile) >$5,000
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5.1.4 Influence on Mooring Densities/Field Design

The density of moored vessels within a designated area is dictated by the swing area of the mooring site,
which is directly impacted by the scope50 required to safely moor a vessel.

For traditional buoy moorings, scope typically ranges between 3:1 to 5:1 depending upon chain size of rode
and conditions. However, scope associated with EFM is typically much smaller, thus increasing vessel
densities within an area (anchorage).

According to Urban Harbours Institute (2013) the technology for EFMs is still quite new, and scope lengths
have not been widely established, but could be as short as 1:1%", with the understanding that the elastic
component will stretch, creating a larger scope overall®?. It is important to note that, while a 1:1 scope might
be appropriate for some vessels, most will likely require a scope greater than 1:1, thus raising costs of the
rode system for a conservation mooring. How different vessel may react/behave to various environmental
conditions on various EFM rodes and how this may influence achievable mooring densities requires
consideration.

According to Hazelett Marine, their system can increase mooring field density by 40% due to the shorter
scope, without compromising holding power. Figure 6 compares the gridding of a mooring field using
traditional moorings and the gridding of a mooring field using EFMs. The example figure illustrates the use of
EFMs would increases the number of moored vessels by 78%, from 36 (traditional moorings) to 64 (Urban
Harbours Institute, 2013) due to decreased scope (and resulting swing circle) associated with EFMs within
the example figure.

The use of EFMs allows for greater densities of moorings, as compared to traditional block and chain
moorings, which is a desirable outcome for regions with a strong demand for new moorings and lack of
capacity. Additionally double swing pontoon moorings (i.e. see Section 4.5.4.1) with the capacity to moor two
vessels to a single pontoon structure would further increase the potential mooring densities within a given
region®.

Pile moorings and also trot moorings, both providing fore/aft moorings, are efficient mooring solutions with
regard to achieving increased density of moored vessels per area as they do not include a swing radius but
rather ‘hold’ vessels within a stationary (limited) moored position regardless of tide and wind conditions.
However pilings outside marina environments are typically restricted to areas along the edges of channels,
rivers and tributaries, otherwise posing as navigational hazards. Trot moorings are particularly effective when
configured in a gridded formation.

The layout of mooring fields is also determined by the size of the vessels in a mooring field. As such,
consideration should be given to the number and size of boats currently mooring and/or which are expected
to moor in specified areas. It must be noted that problems potentially arise by having a mixture of mooring

* The ratio between length of rode (chain/rope) paid out and water depth. Consider the following scope ratios and %
anchor holding power: 2:1=10%, 3:1=40%, 5:1=70%, 10:1=100%
51 http://www.hazelettmarine.com
52 Scopes of flexible mooring systems are measured from the top of the anchor to the top of the buoy at high tide. The
Eaennant will increase the scope to 1.5:1 or more (Urban Harbours Institute, 2013).

The double swing pontoon moorings behave similarly when only accommodating a single moored vessel, influenced
by the prevailing wind and current conditions (G Hill 2014, pers. comm.)
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systems (e.g. traditional block and chain and EFMs) due to the differences in how the boats react/move
under different tidal and wind states (Egerton, 2011; Jackson et al., 2013).

Table 10 Comparison of relative densities of moorings achieved according to mooring system type.

Mooring System Relative densities of moorings achieved

Traditional buoy ‘Swing’ moorings Standard densities*

EFMs Higher densities

Pontoon style moorings Higher densities

Trot moorings Higher to highest densities

Pile moorings Higher densities (use in limited settings)

* See Figure 18 for example density
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Figure 18 . The use of EFM moorings may present an opportunity to increase the density of boats in a mooring field, as demonstrated by this mooring field

graphic from Hazelett Marine comparing densities. The example figure illustrates the use of EFM would increase the number of moored vessels by 78%;
from 36 (traditional moorings) to 64 due to decreased scope (and resulting swing circle) associated with EFMs within the example figure (Source: Urban
Harbors Institute, 2013).
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5.1.5 Effectiveness for Protection of Environment

Traditional mooring infrastructures represent key disturbance to potentially significant areas of seagrass and
other benthic habitats and associated fauna (e.g. mussels, snails, crabs, worms, etc). Disturbances to
seagrass meadows and alterations to population dynamics of organisms inhabiting (and associated with) the
seabed surrounding traditional mooring infrastructure changes the physical and biological characters of the
surrounding substrate, potentially leading to concerns regarding the ecosystem integrity. Such associated
impacts include; increased erosion of the substrate, alterations to nutrient regimes, reduced productivity,
changes to sediment particle sizes, and organic matter content (see Section 4.4).

As such, the implementation of EFMs has been investigated to help alleviate the known impacts/pressures
placed upon the marine environment from traditional buoy mooring approaches.

All EFMs avoid scouring of the bottom substrate by having some kind of extendable rode (elasticated or
spring loaded). Additionally, trot and pile moorings also avoid significant scouring of the bottom substrate, but
do however typically decrease light availability to concentrated regions beneath moored vessels as vessels
remain relatively stationary whilst moored (variations in shading will occur with time of day [i.e. positioning of
sun]).

Table 11 provides a comparison of the relative effectiveness for protection of the environment according to
mooring system type.

Table 11 Comparison of relative effectiveness for protection of the environment according to mooring system

type.
Mooring System Relative effectiveness for protection of environment
Traditional buoy ‘Swing’ moorings Low (chain drag and significant scouring of substrate)
EFMs High (no significant scouring of substrate)

Dependant on the anchoring and rode system selected. High

(no significant scouring of substrate) if used with embedment

Pontoon style moorings anchor and EFM rode system.

Increased shading to water column and seabed due to
pontoon structure

Dependant on the anchoring and rode system selected. High
Trot moorings (no significant scouring of substrate) if use of embedment
anchor. Concentrated reduction in light beneath vessel.

Moderate (initial physical disturbance due to installation of
Pile moorings pile into substrate, however typically no significant scouring
of substrate). Concentrated reduction in light beneath vessel.

5.1.6 Location of Supplier

The location and accessibility of the supplier of any mooring technology is an important factor in the
installation, support, maintenance and provisions of any required individual mooring component/s. The
location of mooring technology supplier was suggested as a limiting factor in the uptake of select mooring
systems in previous South East Queensland mooring trials (DEEDI, 2011).

Table 12 presents the location (and accessibility) of suppliers of specific mooring system technologies.
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Table 12 Location (and accessibility) of supplier of mooring system technology.

Anchor/Mooring System Location and accessibility of supplier

Traditional Buoy ‘Swing’ Moorings

Australia (South East Queensland) — Local

Seagrass Friendly Mooring

Australia (northern New South Wales) — Regional

Seaflex Mooring System (w/ helical anchor)

International (Sweden)

StormSoft (w/ helical anchor)

International (USA)

Eco-Mooring (w/ helical anchor)

Australia (Gold Coast) — Local

Hazelett (w/ helical anchor)

International (USA)

Mooring Anchoring Device Mooring System

Australia (northern New South Wales) — Regional

EzyRider mooring system

Australia (Western Australia) — National

Halas system

Australia (South East Queensland) — Local

Harmony system (w/ Harmony type P
anchor)

International (France)

Grouted screw moorings system

Australia (North Queensland) — National

Jeyco/cyclone configuration

Australia (South East Queensland) — Local

Customised traditional mooring with
subsurface buoy and high tensile rope

Australia (South East Queensland) — Local

Fixed Pontoon (elastic rodes generalised and
helical anchor)

Australia (northern New South Wales) — Regional

Fixed Pontoon (Pile)

Australia (northern New South Wales/South East
Queensland) — Regional/Local

Swing Pontoon (elastic rodes generalised
and helical anchor)

Australia (northern New South Wales) — Regional

Trot mooring

Australia (South East Queensland) — Local

Pile mooring

Australia (South East Queensland)

5.1.7 Demonstration of Successful Use

Such as outlined in Sections 4.6.1 (Australian Case Studies) and 4.6.2 (International Case Studies)
installations and trials/uses of varying mooring infrastructure have been completed in various coastal and
estuarine settings both domestically and internationally. Varying reported commentary/documented

experiences regarding the effectiveness of the EFMs in protecting and restoring seagrass and other benthic
flora and faunal communities, and any issues identified and documented during the trials were identified in

order to determine successful instances of use, and the geographical extent thereof.

Table 13 provides notice of examples of local, regional, national and international reported successful
installations and uses of the identified mooring systems for comparative purposes.
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Table 13 Examples of documented successful installations and uses for the identified mooring system
technology.

Anchor/Mooring System Example location of documented successful use ‘

Traditional Buoy ‘Swing’ Moorings

local, regional, national and international

Seagrass Friendly Mooring

local, regional, national and international

Seaflex Mooring System (w/ helical anchor)

national and international

StormSoft (w/ helical anchor) international

Eco-Mooring (w/ helical anchor) local, regional, national and international
Hazelett (w/ helical anchor) international

Mooring Anchoring Device Mooring System regional

EzyRider mooring system

national and international

Halas system

regional, national and international

Harmony system (w/ Harmony type P
anchor)

international

Grouted screw moorings system

-- (to date has not used for small recreational
vessels)

Jeyco/cyclone configuration

national and international

Customised traditional mooring with
subsurface buoy and high tensile rope

national and international

Fixed Pontoon (elastic rodes generalised
and helical)

regional, national and international

Fixed Pontoon (Pile)

regional, national and international

Swing Pontoon (elastic rodes generalised
and helical anchor)

regional, national and international

Trot mooring

national and international

Pile mooring

local, regional, national and international

5.2 Comparison Matrix Analysis

In order to compare the identified mooring systems a comparison matrix analysis was undertaken. The
comparison matrix analysis approach was conducted as follows:

= Mooring systems were listed and assigned a ‘score’ for each selected comparison parameter
(see Section 5.1) based on the perceived performance and/or suitability. Parameters were
scored on a 0 to 10 basis, where 0 represents poor performance/suitability and 10 represents
the uppermost performance/suitability of the identified mooring systems (Appendix Il provides
scoring scale for each of the individual matrix parameters);

= The relative importance of each comparison parameter within the matrix were evenly weighted;
and

=  The parameter score of each parameter was summed for each identified mooring system
option, with the mooring system with the greater values deemed more appropriate for potential
use based on the selected parameters. Reported scores are compared on a relative-basis
between the identified and selected mooring systems.

For simplicity, due to the numbered possible combinations available associated with interchangeable
infrastructure technology (i.e. use of either deadweight or embedment anchor with elastic rodes),
assumptions have been made regarding the most probable intended use of a complete mooring system
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(based on manufacturer recommendations with greatest holding capacity and/or anecdotal commentary). In
some instances multiple anchoring options are presented.

The list below represents the buoy mooring systems used as part of the comparison matrix analysis:

= Traditional Buoy ‘Swing’ Moorings = Harmony system (w/ Harmony type P

= Deadweight anchor and chain (block, anchor)

mushroom and pyramid anchors) = Grouted screw moorings system

Environmentally Friendly Moorings
Seagrass Friendly Mooring

Seaflex Mooring System (w/ helical
anchor)

StormSoft (w/ helical anchor)

Jeyco/cyclone configuration

Customised traditional mooring with
subsurface buoy and high tensile rope

Pontoon Moorings

Fixed Pontoon (elastic rodes

generalised and Helix)

=  Fixed Pontoon (Pile)

= Eco-Mooring (w/ helical anchor)

= Hazelett (w/ helical anchor)
= Swing Pontoon (elastic rodes

= Mooring Anchoring Device Moori
ooring Anchoring Levice ioonng generalised and Helix anchor)

System

= EzyRider mooring system = Trot Moorings

=  Halas system =  Pile Moorings

Figure 19 presents the comparison matrix analysis for the identified and selected mooring infrastructure
technologies and Figure 20 illustrates the ranked outcomes of the comparison matrix analysis, relative to
each system compared.

The results of the comparison matrix in combination with site specific information (e.g. environmental,
hydrological and physical) and intended outcomes (e.g. preservation of benthic communities and/or increase
mooring densities) aims to further progress discussions implementing new/additional mooring infrastructures
within a given region.
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COMPARISON MATRIX ANALYSIS: BUOY MOORING INFRASTRUCTURE SYSTEMS

PARAMETER
SYSTEM «

Deadweight Anchor and Chain

e 850 o

Pontoon Mooring Q,? NS S X @ Q7 v

Fo L F. oL

Trot Mooring \}% & ov' QY < Q;o

Pile Mooring T &0 TOTAL SCORE
51
62
53
50
65
49
53
53
56
46
a3
a7
57
57
57
58

[N Y U U
[i%:
Pile Moorings 10 9 3 9 T T 8 10 63

* See Appendix Il for scoring scales for each of the individual matrix parameters
** Total scores reported are compared on a relative-basis between the identified and selected mooring systems

Figure 19 Comparison matrix analysis for buoy mooring infrastructure technologies.
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Comparison Matrix Analysis Rankings

0 10 20 30 40 50 60 70

Eco-mooring Rode System (helical anchor)

Trot Moorings (helical anchors)

Pile Moorings I.—

Seagrass Friendly Mooring | | | | | |

Swing Pontoon (elastic rodes and helical anchor)
Customised traditional mooring subsurface buoy
Fixed Pontoon (elastic rodes and helical anchor)
Fixed Pontoon (Pile)

Halas System

Seaflex Mooring (helical anchor)

Mooring Anchoring Device

EzyRider Mooring

Block and chain
StormSoft Boat Mooring System (helical anchor)

Hazelett Elastic Mooring Rode (helical anchor)

Triangle anchor and chain
Jeyco/Cyclone Mooring Configuration
Harmony System

Grouted Screw Mooring System

Mushroom and chain

Figure 20 Buoy mooring systems ranked from highest to lowest comparison matrix analysis score.
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6.0 MOORING SITE CONSIDERATIONS

6.1 Overview of Considerations
When undertaking initial planning and designing phases of proposed changes and/or new mooring sites
three major considerations which need to be addressed include:

= Determination of the mooring layout

= Evaluation of environmental conditions

= Selection of appropriate mooring components and mooring system based on environmental
settings and prevailing conditions, component characteristics and objectives

A flow chart outlining site considerations is presented in Figure 21.

\

¢ Select proposed mooring site
¢ Determine vessels to be moored and potential properties
e Determine mooring configuration

Mooring Layout

¢ Evaluate environmental conditions

. eSubstrate, bathymetry, currents, winds and waves
Environmental

Conditions )

e Investigate appropriate mooring components based on )
environmental, component characteristics and objectives

¢ |dentify proposed mooring and installation approach

Selection of e Determine required component specifications (e.g. anchor
Appropriate type, chain/rope sizes and lengths, buoy, etc...

Components & e Establish use (load) limits )
System

Figure 21 Stages and design considerations for mooring area.
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6.1.2 Determination of Mooring Layout

Mooring sites are typically located in well-protected (low energy) settings in order to limit environmental loads
on mooring systems and vessels. Generally, mooring sites are oriented so that the longitudinal axis of the
vessels is parallel to the direction of the prevailing currents, winds and/or waves. This is especially relevant
for fixed mooring systems (i.e. trot and pile moorings), which do not allow the vessel to freely swing under
the prevailing (forcing) conditions as do traditional swing moorings.

Importantly, expectant vessel sizes (and numbers) is also an important consideration when determining the
layout of a mooring area, influencing loads on the mooring system, in addition to often dictating mooring
components and mooring density. Conversely, when vessel types are not specifically known, mooring
systems proposed can dictate the mooring vessel types suitable for use (e.g. mooring limited to vessel <10
m [32 ft]).

Proposed mooring layouts (configuration) are often dictated by the following variables; available area for
moorings, desired density, prevailing conditions, strength of anchoring and mooring components, availability,
and cost of mooring components, and navigational considerations.

For example, available areas for moorings, or shape/boundaries of a water body can be very influential in the
selection of particular mooring types chosen for use, with narrow regions lending themselves to fore/aft in-
line mooring approaches such as trot moorings and pile moorings, while larger expanses without high
mooring density being a major consideration, having greater flexibility in the selection of
approaches/configurations (see Figure 22).

Figure 22 Example layouts of fore/aft moorings within narrow and open water bodies.
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6.1.3 Evaluation of Environmental Conditions

Environmental conditions which are important to mooring design include; substrate conditions, water depth,
currents, winds and waves. These variables are influential in the selection of anchor type and the estimated
loadings on mooring systems.

Determination of substrate (i.e. geotechnical parameters) must be investigated in order to make informed
decisions with regard to appropriate/available anchoring techniques for proposed moorings. For example,
proposed anchor types can be eliminated in the initial concept stages directly on the basis of substrate
conditions.

The water depth and water-level fluctuations of the area is an important variable to be considered as depth
dictates vessel usage, current loads (i.e. current loads are sensitive to the ratio of vessel draft to water
depth) and also approximate scope, which in turn will dictate swing areas and ultimately achievable mooring
densities.

Current regimes, including tidal current speeds, river discharges and wind-driven current speeds of the
region, all exert loads on the moorings and, as such, must be considered as important factors when
designing layouts and selecting mooring systems. Often current conditions within an area of interest are
resourced from available databases or are measured (when no data is available). These datasets (or
numerical modelling outputs) can be used to make informed decisions regarding prevailing conditions of the
area . Additionally, wind loads on moored vessels are an important aspect requiring consideration, especially
when considering fore/aft mooring configurations (e.g. pile or trot style mooring approaches).

Furthermore, waves (e.g. short waves, long waves and waves created by vessel traffic) can exert significant
dynamic loads on moored vessels and as such must also be given consideration. Waves generated by
passing vessels can be important to the design of mooring areas. This is particularly true when moorings are
positioned in narrow channels and/or in high densities.

For example, regions characterised by increased current speeds and/or wave action would require
appropriate anchoring systems and rodes sufficient in their holding ability to maintain a moored vessel in the
energetic environment (increased loads), in comparison to weaker current environments.

6.1.3. Loads

There are two basic types of loads on any anchor/mooring system, static and dynamic. Static loads come
from the relatively steady push generated by constant wind or current forces and dynamic loads are
generated when wave action or wind gusts cause the boat to move. Information standards relating to loads
and safety factor considerations are presented in ABYC (2008).

Static loads are generated by currents and wind acting on the exposed areas of the boat. These loads are a
function of the hull size and shape and the density and velocity of the fluid (air or water) acting on the hull.

The equation for calculating the magnitude of both wind and current static loads comes from classical fluid
dynamics and is presented in Vennard (1954):
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Where: F is the desired force; C is the drag coefficient, varying with the situation; p is the density of the fluid
(air or water); V is the velocity of the fluid; and A is the area exposed to the force of the fluid.

Dynamic loads on anchors are a more complex issue than static loads. Dynamic loads are relatively
unimportant in protected anchorages until the wind velocity rises above 25 knots (Dodds, 1997).

Under loads, a vessel is considered to have “six degrees of freedom” or movement — three in linear motion
and three in rotational motion (see Figure 23). The six motions are all experienced when a vessel is moored,
generally occurring simultaneously; never operating independently (Hinze, 1986). Winds tend to create
yawing and swaying and waves tend to create pitching and heaving.

o

sul
o heave

Surge—motion forward and backward in the direction of boat travel along the

longitudinal axis.

Sway—athwartship motion of the boat along the transverse axis.
Heave—mation up and down in the vertical axis.

Roli—angular motion about the longitudinal axis. When the boat ralls, it lists al-
ternately from starboard to port and back again.

Pitch—angular motion about the transverse axis. When the boat pitches, it trims
alternately by the bow and stemn.

Yaw—angular motion about the vertical axis. When the boat yaws, the bow and
stern swing from side to side.

Figure 23 Six degrees of freedom of a boat (Source: Hinze, 1986).

Current forces are relatively well behaved because current velocity is typically low enough to produce
laminar flow around the boat. Additionally, the load induced by the force of the wind on an anchored vessel
depends on two factors: the wind speed and the exposed surface area of the vessel.
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The American Boat and Yacht Council (ABYC), provide published windage force as a function of the boat
length and the wind velocity.

The windage is determined by two factors; (1) the surface area and, (2) the frontal shape of the vessel as
presented to the wind, i.e. the windage area.

On flat surfaces presented at 90 degrees to the wind, the "Shape Co-efficient" is approximately 1.2
(Dulmision Marine, 2014). The wind pressure for one square metre on shape co-efficients of 1.2, 1, 0.7 for
varying wind speeds can be found in Figure 24. Typical vehicle wind drag coefficients are provided in Hinze
(1986) and Dulmision Marine (2014).

Figure 24 Pressure exerted by wind on one square metre of surface area (Source: Dulmision
Marine, 2014).

The main requirement is the frontal surface area and shape of the vessel under consideration, not the length
of the boat, and wind velocity against which the mooring may be required to hold. Surface areas are dictated
by vessel design and length, which dramatically vary (for example see Figure 25).

Figure 25 Example of varying vessel profiles/outlines and corresponding surface area associated
with winds from 0 and 90 ddegrees, respectively (Source:
http://alain.fraysse.free.fr/sail/rode/forces/forces.htm).
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Rarely is a vessel directly head-on to the wind (and waves) (i.e. 0 degrees). Horizontal yawing can be up to
30 degrees either side of the wind direction, thus exposing considerable beam to the wind direction. The
longitudinal wind force is relatively small since the head wind only strikes a small portion of the total exposed
area of the ship. A beam wind, on the other hand, strikes the entire exposed side area of the ship, and a
large transverse force is exerted on the vessel, which is very important when considering fore/aft
moorings. With the exception of ahead or astern and broadside wind, the resultant wind force does not have
the same angular direction as the wind. The point of application of the resultant force is either forward or aft
of the transverse centre-line, thus producing a yawing moment on the vessel.

The windage area™, and hence the force of the wind on a vessel, will vary with the heading relative to the
wind. The maximum force on the ship is when the ship is broadside (i.e. 90°) to the wind, which is very
important when considering fore/aft moorings.

Table 14 provides example forces resultant from wind speeds ranging in speed from 10—60 knots for sample
12.2 m (40 ft) monohull, catamaran and powerboat.

Detailed current and wind loadings calculation examples (including coefficients) on moored vessels are
presented in sources such as: Hinz (1986), Dodds, 1997, German Society for Geotechnics (2004), Murdoch
et al. (2012), Dulmision Marine (2014). Such detailed analysis was outside the scope of this review.

Table 14 Example forces (daN> [~kgf]) resultant from wind speeds ranglng in speed from 10-60 knots for angle
of wind attack of 0 and 30° *°

. 12.2 m [40 ft] 12.2 m [40 ft] 12.2 m [40 ft]
Bolte e (1) Monohull Powerboat

.~ WindAngle (°) Angle (°)  Wind Angle °) Angle (°)  Wind Angle °) Angle (°)

0 30 0 30 0 30
10 18 37 27 59 21 49
20 74 150 107 236 83 196
30 166 337 240 530 187 442
40 294 600 427 943 332 785
50 460 937 667 1,473 518 1,227
60 662 1,349 960 2121 747 1,767

** Hinz (1986) provides typical drag coefficients for various vessel designs (e.g. trimaram, catamaran, cabin cruiser, etc.)

% daN represents a dekanewton (gravitational unit of force) approximately equivalent to 1 kgf (kilogram-force)
% http://alain.fraysse.free.fr/sailrode/forces/forces.htm
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6.1.4  Selection of appropriate mooring components and mooring system

Potentially appropriate anchoring systems, individual mooring components and overall approaches can be
identified based on an understanding of a mooring area’s physical and environmental characteristics. The
physical and environmental characteristics, in addition to the requirements and objectives of the mooring
area designer and management will dictate the most appropriate mooring approaches. Shortlisted mooring
approaches can then be utilised in conceptual designs with consultation with appropriate professionals in
order to achieve the desired outcomes.

Professional entities, including; mooring component manufacturers, engineers and mooring installers would
be consulted with regard to mooring specification and requirements, such as:

= Appropriate anchor size and installation technique/requirements

=  Load maximum/rating for mooring

= Appropriate rode

= Appropriate scope

=  Mooring placement and alignment

= Maintenance requirements

= Approval/legislation requirements

= Suitability for fore/aft moorings
An engineering study based on the use of EFM in Moreton Bay has been previously prepared by Ash et al.
(2011)°” within DEEDI (2011). The report documents a theoretical analysis of the uplift capacity of screw

anchors, investigation of wind and wave conditions in Moreton Bay, and estimates of wind and wave loads
for such conditions. Such analysis was outside the scope of this review.

> Ash, D., Keough, E., Baldock, T., 2011. Environmentally sustainable moorings in Moreton Bay. Engineering study.
University of Queensland.
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7.0 INSURANCE CONSIDERATIONS

In order to investigate the current opportunities and considerations associated with insuring moored private
recreational vessels, correspondences were established with the Insurance Council of Australia as well as
individual insurance providers (see Section 10.0 Table 17). In total 13 insurance providers were approached
through telephone enquiries in addition to the Insurance Council of Australia (telephone enquiry). Selected
questions were posed to each of the insurance companies in order to obtain information regarding this issue
(See Section 7.2).

7.1 Enquiry with Insurance Council of Australia

The Insurance Council of Australia was approached in order to investigate any current arrangements in place
regarding established guidelines relating to the insuring of moored vessels within Australian/Queensland
waters.

Discussions with a representative from the Insurance Council of Australia highlighted the fact that currently in
Australia there are no established guidelines in place for the insuring of moored vessels, with each
insurance company establishing their own guidelines based by what their underwriters criteria is (centred
upon risk and the history of claims). Traditionally boat insurance is seen as a high-risk area with a history of
high claims. Of particular concern when insuring moored vessels is the maintenance and upkeep of
moorings with many insurers not providing insurance for swing moorings (Insurance Council of Australia
2014, pers. comm.).

7.2 Questions Posed to Insurance Company

Below are the questions posed to each of the insurance providers on behalf of the Gold Coast Waterways
Authority:

= Do you provide insurance for boat owners moored to buoy moorings?
IF YES

= Would options for coverage be different if the intended/used mooring technology differed (i.e.
traditional mooring vs EFM)?

=  How are different moorings classified for insurance purposes? (i.e. different categories or pricing
structures according to mooring settings)?

= Does the insurance cover product include storm/cyclone events?

=  Does the insurance coverage change if the mooring itself is maintained/provided by a
government/council entity or an independent private contractor?

= What is the minimum requirement for mooring inspections to conclude moorings are in
satisfactory working order (i.e. must be inspected once per year by the insurance company or
does the boat owners have to pay to have someone inspect/certify the mooring)?

=  Can you please provide information why you do not provide insurance for boat owners moored
to buoy moorings?
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7.2.1 Summary of Questionnaire

Below is a summary of the outcomes/discussions held with each entity approached according to the
questionnaire. All insurance companies except one (Youi Insurance) approached on behalf of the Gold
Coast Waterways Authority were accommodating/able to provide responses through the telephone
questionnaire, however the responses provided varied greatly between different insurance providers. Only
responses received in direct relation to the specific questions are included.

Approximately 58% or 7 of the 12 insurance providers who gave responses to the questionnaire indicated
that they do provide options for insurance policies which cover the inclusion of vessels moored to a buoy
mooring system (see Table 15). Of those insurance companies which do provide insurance coverage for
vessels attached to buoy mooring systems, responses provide no indication to suggest that the type of
mooring system (i.e. traditional, EFM, etc.) influences the insurance policy expense. In fact, some mooring
system manufacturer/suppliers are in the process of trying to establish reduced associated insurance costs
for specific mooring systems (e.g. pontoon mooring systems — Cape Marine Pty Ltd; G Hill 2014, pers.
comm.).

Additionally, there appears to be a lack of established minimum requirements for mooring inspections to
conclude moorings are in satisfactory working order.

Many of the mooring insurance applications are assessed on a case-by-case basis, which is-line with the
discussions held with the Insurance Council of Australia (see Section 7.1).
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Table 15 Summary of insurance provider responses to the completed questionnaires.

Insurance Provider

Question

Response

Do you provide insurance for boat
owners moored to buoy moorings?

No

No

No

No

Yes Response

Would options for coverage be different if
the intended/used mooring technology
differed (i.e. traditional mooring vs EFM)?

No

No

No

Potentially

Unsure

No

Does the insurance cover product include
storm/cyclone events?

Yes

Yes

Yes/No***

Unsure

Unsure

Unsure

Does the insurance coverage change if the
mooring itself is maintained/provided by a
government/council entity or an independent
private contractor?

No

No

No

No

Unsure

No

*Youi Insurance was not able to provide any relevant information

**Allianz Australia does provide insurance for boat owners moored to buoy moorings, however this is offered through its agent Club Marine, Australia's largest insurance agency

specialising in pleasure and commercial leisure craft

*** Assessed on a case-by-case basis
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72.12 AAMI

Do you provide insurance for boat owners moored to buoy moorings?: No

AAMI does not provide insurance for boat owners moored to buoy moorings.

Can you please provide information why you do not provide insurance for boat owners moored to buoy
moorings?: No explanation was provided

72.1.3 Apia

Do you provide insurance for boat owners moored to buoy moorings?: No

Apia does not provide insurance for boat owners moored to buoy moorings.

Can you please provide information why you do not provide insurance for boat owners moored to buoy
moorings?

Apia does provide insurance coverage for recreational boats; however this does not include boats that are
not moored in a marina (i.e. open/coastal waterways other than a marina).

7.2.1.4 Allianz Australia

Do you provide insurance for boat owners moored to buoy moorings?: Yes

Allianz Australia does provide insurance for boat owners moored to buoy moorings, however this is offered
through its agent Club Marine, Australia's largest insurance agency specialising in pleasure and commercial
leisure cratft.

See Club Marine Below for questionnaire responses regarding Club Marine’s product details.

7.2.1.5 Club Marine

Do you provide insurance for boat owners moored to buoy moorings?: Yes

Club Marine does provide insurance for boat owners moored to buoy moorings, as part of its full
comprehensive insurance policies (not just third party insurance).

Would options for coverage be different if the intended/used mooring technology differed (i.e. traditional
mooring vs EFM): No

Different types of moorings are not influential in the insurance costs.

How are different moorings classified for insurance purposes? (i.e. different categories or pricing structures
according to mooring settings):
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Quote prices for full comprehensive insurance, including buoy mooring insurance, is structured according to
environmental setting, for example the cost of insurance will be cheaper if mooring vessel is within a
sheltered environment compared to large open water/offshore anchorages.

Does the insurance cover product include storm/cyclone events?: Yes

Coverage will include cyclones, for officially named cyclones only with Bureau of Meteorology warnings in
place and boat owners have attempted to take appropriate action

Does the insurance coverage change if the mooring itself is maintained/provided by a government/council
entity or an independent private contractor?: No

What is the minimum requirement for mooring inspections to conclude moorings are in satisfactory working
order (i.e. must be inspected once per year by the insurance company or does the boat owners have to pay
to have someone inspect/certify the mooring)?: Annual inspection of buoy mooring system is expected

Club Marine is primarily concerned with the condition of the moored vessel in comparison to the mooring
system. However, it is understood that the mooring system be regularly (annually) inspected, which is the
responsibility of the boat owner.

7.2.1.6 CGU Insurance

Do you provide insurance for boat owners moored to buoy moorings?: Yes

CGU Insurance does provide insurance for boat owners moored to buoy moorings.

Would options for coverage be different if the intended/used mooring technology differed (i.e. traditional
mooring vs EFM): No

No consideration is given with regard to the type of buoy mooring intended/used for the purposes of the
insurance policy quote.

How are different moorings classified for insurance purposes? (i.e. different categories or pricing structures
according to mooring settings): Case-by-case basis

Does the insurance cover product include storm/cyclone events?: Case-by-case basis

Does the insurance coverage change if the mooring itself is maintained/provided by a government/council
entity or an independent private contractor?: No

What is the minimum requirement for mooring inspections to conclude moorings are in satisfactory working
order (i.e. must be inspected once per year by the insurance company or does the boat owners have to pay
to have someone inspect/certify the mooring)?: No minimum requirement

CGU Insurance do not require inspection certificates for mooring systems as part of the insurance
requirements, however they do require the mooring to be ‘well maintained’ and rely on the owners’ honesty
with regard to mooring system condition.
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7.2.1.7 GIO Insurance

Do you provide insurance for boat owners moored to buoy moorings?: No

GIO Insurance does not provide insurance for boat owners moored to buoy moorings.

Can you please provide information why you do not provide insurance for boat owners moored to buoy
moorings?

GIO Insurance does not provide insurance coverage for recreational boats within the state of Queensland.

7.2.1.8 Nautilus Marine

Do you provide insurance for boat owners moored to buoy moorings?: No

Nautilus does not provide insurance for boat owners moored to buoy moorings.

Can you please provide information why you do not provide insurance for boat owners moored to buoy
moorings?

Nautilus does not provide insurance for boat owners moored to buoy moorings due to the history of high
claims. Nautilus only provides insurance coverage for vessels associated with a marina berth.

7.2.1.9 NRMA Insurance

Do you provide insurance for boat owners moored to buoy moorings?: Yes

NRMA Insurance does provide insurance for boat owners moored to buoy moorings. However coverage is
limited to recreational boast valued at <$§400,000 moored to a permanent mooring (excluding cases north of
Noosa except in a marina setting and excluding all scenarios north of Port Douglas in Far North
Queensland).

Would options for coverage be different if the intended/used mooring technology differed (i.e. traditional
mooring vs EFM): Potentially

Insurance quotes appraised on a case-by-case scenario. However, the company representative indicated
they are not familiar with any EFMs. NRMA Insurance is primarily concerned if the mooring system is solid
and meets their definition of a ‘mooring’.

How are different moorings classified for insurance purposes? (i.e. different categories or pricing structures
according to mooring settings): Case-by-case basis

To ascertain the location of a moored boat, and settings, NRMA will utilise Google Maps and insert the
nearest street address to the actual boat in the water locality. Additionally, the age of the boat is an important
factor and in some cases would require an out of water survey and valuation done (unless <10 years old and
of fibreglass construction).

Does the insurance cover product include storm/cyclone events?: No detail available
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Does the insurance coverage change if the mooring itself is maintained/provided by a government/council
entity or an independent private contractor?: No

According to NRMA Insurance it makes no difference whether the boat is moored to a mooring
operated/governed by a Government/Council entity or a private contractor.

What is the minimum requirement for mooring inspections to conclude moorings are in satisfactory working
order (i.e. must be inspected once per year by the insurance company or does the boat owners have to pay
to have someone inspect/certify the mooring)?: No minimum requirement

No condition reports are required for buoy moorings. NRMA have no official guidelines regarding the
inspection of buoy moorings, however if they receive a claim and find out the mooring has not been
maintained correctly they would ask questions then (In this sense they ask questions at the claims stage not
at the sale of insurance premium stage).

7.2.1.10 QBE Insurance

Do you provide insurance for boat owners moored to buoy moorings?: Yes

QBE Insurance does provide insurance for boat owners moored to buoy moorings, however each policy
application is assessed on a case-by-case basis and all particulars have to be lodged with QBE Insurance
which are then sent to a “higher authority” (presumably the insurance underwriters). Additionally, insurance is
dependent on how close the boat is moored to a fire station and location based on postcode

Would options for coverage be different if the intended/used mooring technology differed (i.e. traditional
mooring vs EFM): No detail available

How are different moorings classified for insurance purposes? (i.e. different categories or pricing structures
according to mooring settings): No detail available

Does the insurance cover product include storm/cyclone events?: No detail available

Does the insurance coverage change if the mooring itself is maintained/provided by a government/council
entity or an independent private contractor?: No detail available

What is the minimum requirement for mooring inspections to conclude moorings are in satisfactory working
order (i.e. must be inspected once per year by the insurance company or does the boat owners have to pay
to have someone inspect/certify the mooring)?: No detail available

72.1.11 RACQ

Do you provide insurance for boat owners moored to buoy moorings?: Yes

RACQ does provide insurance for boat owners moored to buoy moorings. Whether the boat is kept in a
secure location or is moored is a key factor in premium costs.

Would options for coverage be different if the intended/used mooring technology differed (i.e. traditional
mooring vs EFM): No

RACQ must be advised immediately if the circumstances changes regarding the
mooring detail of the boat.

Q0294 / 18July 2014 Page 89



RPS APASA REVIEW OF MOORING INFRASTRUCTURE TECHNOLOGY
Q0294 GCWA — Buoy Mooring Review

How are different moorings classified for insurance purposes? (i.e. different categories or pricing structures
according to mooring settings): Case-by-Case

RACQ must be advised immediately if the circumstances changes regarding the
mooring detail of the boat.

Does the insurance cover product include storm/cyclone events?: No detail available

Does the insurance coverage change if the mooring itself is maintained/provided by a government/council
entity or an independent private contractor?: No

What is the minimum requirement for mooring inspections to conclude moorings are in satisfactory working
order (i.e. must be inspected once per year by the insurance company or does the boat owners have to pay
to have someone inspect/certify the mooring)?: No minimum requirement

7.2.1.12 Suncorp

Do you provide insurance for boat owners moored to buoy moorings?: No

Suncorp does not provide insurance for boat owners moored to buoy moorings.

Can you please provide information why you do not provide insurance for boat owners moored to buoy
moorings?

Company representative recommended a specialist marine insurance company for mooring insurance
purposes. The website product statement suggested that “Suncorp has developed a new product that caters
specifically for trailered boats which are the most common boat types that are sold in the market. As moored
boats require much tighter underwriting guidelines in relation to the age of the boat and the maintenance of it
as it ages, we believe these boats are much better suited to be covered by a more specialist insurer”,

7.2.1.13 Trident Marine Insurance

Do you provide insurance for boat owners moored to buoy moorings?: No

Trident Marine Insurance does not provide insurance for boat owners moored to buoy moorings.

Can you please provide information why you do not provide insurance for boat owners moored to buoy
moorings?:

Trident Marine Insurance does not provide insurance cover for recreational boats in Queensland for mooring
(decision is based on claims history and subsequently they deem Queensland high risk).

7.2.1.14 Youi Insurance

Company representative was not able to provide any relevant information.
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8.0 FUTURE WORKS AND CONSIDERATIONS

The aim of this report was to investigate and document currently available mooring infrastructure technology
types to initiate and aid constructive discussions with regard to future vessel mooring infrastructure options
and arrangements within the Gold Coast waterways.

Future works and considerations which were “out of scope” of the current project, but which would benefit
future discussions and decision making processes with regard to vessel mooring infrastructure options within
the Gold Coast waterways include, but are not limited, to:

Regional substrate assessment (geotechnical properties and biological mapping)

Investigation of suitable mooring placements according to substrate type and inhabiting benthic
communities

Investigation of suitable mooring placements according to hydrological conditions and
environmental settings

Assessment and description of prevailing wind, tide, current and wave conditions within the
Gold Coast waterways

Load calculations according to expectant prevailing regional conditions and variations in
available mooring systems (approaches) with varying moored vessel type

Engineering and structural assessments/considerations

Investigate and review any necessary approval applications/process for implementation of new
mooring facilities

Management implications, legislation and considerations of mooring fields/facilities

Time requirements associated with design, trials and implementation of new/additional mooring
fields/facilities

Reporting and/or monitoring needs regarding design, trials and implementation of
new/additional mooring fields/facilities
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10.0 PERSONAL COMMUNICATIONS SCHEDULES

10.1  Appointment Schedule Listing of Meeting/Teleconference

Table 16 and Table 17 documents the schedule of meetings/teleconferences/communications with key
personnel from industry, insurance companies, other areas of Government (e.g. Transport for NSW) and

other relevant organisations (e.g. SEQ Catchments), etc.
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Table 16 Personal communications schedule for the review of mooring infrastructure technology.

Recei
Person Affiliation Communications eceived
Response
Joel Community Partnerships | 13/06/2014 | Email Yes
; Manager — Redlands .
Bolzenius '
Bay, & Islands, SEQ 14/06/2014 | Email Yes
Catchments 19/06/2014 | Telephone & Email | Yes
18/06/2014 )
Jack Hannan Transport for NSW Email Yes
23/06/2014
12/06/2014 | Email Yes
13/06/2014 | Email Yes
. . 18/06/2014 | Telephone
Greg Hill Cape Marine Systems
19/06/2014 | Telephone
30/06/2014 | Email Yes
01/07/2014 | Telephone
18/06/2014 | Email Yes
19/06/2014 | Email Yes
Jody Waters Waters Marine Pty Ltd 20/06/2014 | Telephone & Email | Yes
27/06/2014 | Email Yes
03/07/2014 | Email No
Matt Jones | -olicy Manager, 18/06/2014 | Email Yes
Transport for NSW
Rob Jackson Marine Civil Contractors 18/06/2014 | Email Yes
19/06/2014 | Telephone
Jon Coomber | Marine Civil Contractors 20/06/2014 | Face-to-face
27/06/2014 meeting & Email
Email No
Horse Jackson | Marine Civil Contractors 20/06/2014 Face-to-face
meeting & Email
Russell Marine Facilities 18/06/2014 | Email Yes
Northcott Coordinator, Rottnest
Island Authority 20/06/2014 | Telephone
Ezyridermooring.com 19/06/2014 | Email No
. Anchor Loc Australia Pty | 23/06/2014 | Email Yes
Jeff Decinque )
Ltd 24/06/2014 | Email Yes
Southport Yacht Club 07/07/2014 Email Yes
Brett James*
(General Manager) 16/07/2014 | Telephone Yes
Telephone
Troy Brynes & | Gold Coast Waterways Continuous p

Jason Smith

Authority

Face-to-face
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Person Affiliation Communications e
Response
| meetings ]
: Yes
Emails

* Unfortunately time availability did not allow for face-to-face meeting and discussions

Table 17 Personal communications schedule for information pertaining to insurance aspects of the use of
buoy moorings.

Insurance Council of Australia | 24/06/2014 Telephone
AAMI 18/06/2014 Telephone
Apia 19/06/2014 Telephone
Allianz Australia 19/06/2014 Telephone
CGU Insurance 19/06/2014 Telephone
Club Marine 19/06/2014 Telephone
GIO Insurance 19/06/2014 Telephone
Nautilus Marine 19/06/2014 Telephone
NRMA Insurance 19/06/2014 Telephone
QBE Insurance 20/06/2014 Telephone
RACQ 20/06/2014 Telephone
Suncorp 20/06/2014 Telephone
Trident Marine Insurance 20/06/2014 Telephone
Youi Insurance 20/06/2014 Telephone

Additionally all corresponding websites and relevant contained information was reviewed
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12.0 APPENDIX |: SUPPLEMENTARY ELECTRONIC FILES
INDEX

Supplementary electronic files contained within the accompanying CD titled “GCWA Review of Available
Mooring Infrastructure Technology: Supplementary Literature” are presented in Table 18.
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Table 18 Supplementary electronic files index.

File name (inc. file extension)

_______ Category/Description |
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INAMAR_Moorings Important recommendations for safe moorings from INAMAR .pdf

Jackson_etal 2013_A guide to assessing and managing anthropogenic impact on marine angiosperm habitat - Part 1
Literature review.pdf

Murdoch_A Masters Guide to Berthing 2nd edition.pdf

General Information
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Queensland Government_2013_Marine Parks (Moreton Bay) Zoning Plan 2008.pdf

Queensland Government_2013_Transport Operations (Marine Safety) Act 1994.pdf

Transport for NSW_2014_Mooring Review.pdf
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West 2011 _Impacts of Recreational Boating on Seagrass.pdf

Balaguer_etal _2011_Spatial analysis of recreational boating as a first key step for marine spatial planning in Mallorca
(Balearic Islands, Spain).pdf
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Hendriks_etal_2013_Boat anchoring impacts coastal populations of the penshell the largest bivalve in the
Mediterranean.pdf

Montefalcone_etal 2006 _Anchoring damage on Posidonia oceanica meadow cover.pdf

Montefalcone_etal 2008_BACI design reveals the decline of the seagrass Posidonia oceanica induced by
anchoring.pdf

Otero_Characterization of Mechanical Damage to Seagrass Beds in La Cordillera Reefs Natural Reserve.pdf

DEEDI_2011_Environmentally-friendly moorings trials in Moreton Bay Queensland.pdf

Field Trials

Casier_2011_Marine Protected Areas in the Mediterranean Sea.pdf
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File name (inc. file extension) Category/Description |
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Diaz-Almela and Duarte_2008 Management of Natura 2000 habitats.pdf
Egerton_2011_Management of the seagrass bed at Porth Dinllaen Initial investigation into the use of alternative
mooring systems.pdf
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Latham_etal 2012 _Fal and Helford Recreational Boating Study.pdf
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Koppers_Piling Life Expectancy.pdf
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Urban Harbours Institute_2013_Conservation Mooring Study January 2013.pdf

Q0294 / 18July 2014 Page 106



RPS APASA REVIEW OF MOORING INFRASTRUCTURE TECHNOLOGY
Q0294 GCWA — Buoy Mooring Review

13.0 APPENDIX |l: DETERMINATION OF INDIVIUDAL
MATRIX PARAMETER ‘SCORING’ SCALES

The below sections provide classification of the scoring implemented for each mooring system identified for
each of the comparison matrix parameters. Each parameter was scores out of a possible rating of 10.

13.1.1 Ideal Substrate within Broadwater

The ideal substrate parameter was scored according to the perceived suitability of mooring system anchoring
approaches according to the generalised Broadwater substrate conditions of sandy and mud based
substrates. As such, mooring anchoring systems suitable for sand, mud and clay substrates were scored the
maximum score. The scoring classification for this parameter listed in the comparison matrix is shown in
Table 19.

Table 19 Scoring classification for mooring systems according to the suitability of the mooring system
(anchoring) in relation to the substrate conditions of the Gold Coast Broadwater.

System/Parameter Attribute Score (x/10) ‘

Sand, mud and clay substrates 10
Sandy substrate
Sandy/seagrass meadows
Mud and silt substrates
Rocky/limestone substrates

N b O

13.1.2 Breakout force/Holding Capacity

The breakout force/holding capacity parameter was scored according to the reported peak load
measurements for each of the anchoring systems designated for each identified mooring system. The
greater the reported breakout force/holding capacity the greater the parameter score stated for each
identified mooring system (see Table 20).

Table 20 Scoring classification for mooring systems according to reported breakout force/holding capacities.

System/Parameter Attribute Score (x/10) ‘

Maximum reported breakout force/holding capacity 10

Greater than mid-range but less than minimum reported breakout
force/holding capacities

Middle range reported breakout force/holding capacity

Greater than minimum but less than mid-range reported breakout
force/holding capacities

Minimum reported breakout force/holding capacity

| N || ©
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13.1.3 Initial Total Cost

The initial total cost parameter was scored according to the minimum and maximum approximate initial total
cost of establishing the identified mooring systems. The smaller the estimated costing, the greater the
parameter score applied (see Table 21).

Table 21 Scoring classification for mooring systems according to the approximate initial total cost to establish
mooring systems.

System/Parameter Attribute Score (x/10) ‘

Minimum reported estimated initial total cost
Third tier reported estimated initial total cost
Second tier reported estimated initial total cost/unknown-variable
Maximum reported estimated initial total cost

W oo | N

13.1.4 Installation and Maintenance Requirements

The installation and maintenance requirements parameter was scored according to the necessities for
installation and efforts for upkeep/maintenance of the mooring system over the proposed life of the system.
The greater required expended effort and infrastructure necessary for the installation and maintenance of the
system (in comparison to each system) the lower assigned value (see Table 22).

Table 22 Scoring classification for mooring systems according to the installation and maintenance
requirements.

System/Parameter Attribute Score (x/10) ‘

Lowest relative installation and maintenance requirements
Second tier installation and maintenance requirements
Third tier installation and maintenance requirements
Greatest relative installation and maintenance requirements

| N | 00| ©

13.1.5 Potential for Increased Mooring Density

The potential for increased mooring density parameter was scored according to the mooring system being
able to maximise mooring density (i.e. moored vessels per area). Table 23 presents the scoring classification
which was scored on a relative-basis (to each mooring system). The mooring systems determined to provide
the greatest ability to maximize mooring density was assigned the greatest parameter score.

Table 23 Scoring classification for mooring systems according to the potential for increased mooring density for
each mooring systems.

System/Parameter Attribute Score (x/10) ‘

Greatest relative ability to increase mooring density
Second tier ability to increase

Third tier ability to increase

Four tier ability to increase

Lowest relative ability to increase mooring density

O|lW o |N|©
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13.1.6 Effectiveness for Protection of Environment

The effectiveness for protection of the environment parameter was scored according to the relative
documented ability of a given mooring system to limit the disturbance and scouring of the adjacent substrate
to the anchored mooring system. The greater the documented effectiveness of a mooring system to limit
substrate disturbance the greater assigned parameter score (see Table 24).

Table 24 Scoring classification for mooring systems according to the effectiveness for protection of the
environment.

System/Parameter Attribute Score (x/10) ‘

Greatest relative effectiveness for protection of the surrounding 10
environment

Near-greatest relative effectiveness for protection of the surrounding 9
environment

Mid-range to near-greatest relative effectiveness for protection of the 8
surrounding environment

Middle range relative effectiveness for protection of the surrounding 7
environment

Near-lowest to mid-range relative effectiveness for protection of the 6
surrounding environment

Near-lowest relative effectiveness for protection of the surrounding 3
environment

Lowest relative effectiveness for protection of the surrounding 0
environment

13.1.7 Location of Supplier

Scores were used to describe the locality of the technology supplier with regard to the Gold Coast region.
The greatest scores for this parameter were assigned to the mooring systems, whose supplier was
geographically closest to the Gold Coast region (see Table 25).

Table 25 Scoring classification for mooring systems according to the location of supplier.

System/Parameter Attribute Score (x/10) ‘

Local supplier 10
Regional supplier 8-9
National supplier 5
International supplier 2

13.1.8 Widespread Demonstration of Successful Use

Scores representing the widespread demonstration of wide spread use was determined according to the
extent of the reported successful use/implementation of any given mooring system according to local,
regional, national and international instances (see Table 26).
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Table 26 Scoring classification for mooring systems according to the widespread demonstration of successful

use.
Local, regional, national and international 10
Local, regional and national 7
Local and regional 5
Local 2
No documented examples 0
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