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3.1. INTRODUCTION

This Section describes the iterative design process undertaken 
from the inception of the Project in February 2013.  It summarises 
the key stages of design development which comprise:

 ▪ The early establishment of operational and design objectives 
which would inform the design response;

 ▪ The establishment of design principles;

 ▪ The iterative process of design refinement and testing leading 
to the design which will be submitted in the DCO Application.

3.2. THE CONSULTATION PROCESS

The Project has involved extensive consultation which commenced 
in March 2011. The consultation process has been key to the 
design of the Project and the product of conversations with 
the technical consultees and the public.  This has informed the 
development of the design of the Lagoon in conjunction with the 
technical and design development, and the Environmental Impact 
Assessment (EIA) process which has conditioned the design to 
reduce environmental effects.

A detailed explanation of the consultation process and its 
interaction with the design can be found in the Consultation 
Report that accompanies the Application.  The report sets out 
the consultation undertaken in relation to the Project and how 
the representations and comments received during the pre-
application consultation stages have influenced the Application.  
TLSB has worked to a fundamental principle of collaboratively 
planning the scheme with a wide range of consultees from the 
early stage of the Project’s formation.  This principle has been 
followed throughout non-statutory and statutory consultation 
in order to minimise outstanding issues once the Application is 
submitted. 

The consultees that have particularly influenced the design of the 
Project include: 

 ▪ Natural Resources Wales (NRW)

 ▪ Design Commission for Wales (DCfW)

 ▪ Swansea University and St Modwen

 ▪ City and County of Swansea (CCS)

 ▪ Neath Port Talbot County Borough Council (NPTCBC)

 ▪ ABP

 ▪ a range of UK sporting bodies

Whilst these bodies have been particularly influential in design 
development, members of the public have also played an 
important part in the process.  

Early consultation on Lagoon designs, EIA scoping, community 
opinion and Project challenges were effective in enhancing an 
understanding of the Project and potential impacts.   

A commentary on the key design decisions which have been 
informed by the consultation process are discussed within the 
design development section of this DAS (Section 5).

3.0 DESIGN OBJECTIVES AND PRINCIPLES 
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3.3. THE DESIGN PROCESS: AN OVERVIEW

The design process has been driven by the operational design 
requirements and optimisation of the Lagoon’s electricity 
generating capacity in conjunction with identified impacts 
(where these could be addressed through design), constraints/
considerations and opportunities. 

For individual elements of the Project several options have been 
considered, shaped by on-going technical and design refinement, 
and extensive consultation with key stakeholders, the public and 
statutory authorities.

The EIA process has explored potential effects and integrated 
design responses to reduce those effects, where practicable.

3.3.1.	 Site	selection	and	options	appraisal	

From the inception of the Project option assessments have 
been undertaken to inform the iterative design process, from 
site selection through to development of the overall design 
of the Lagoon and onshore infrastructure.  Chapter 3 of the 
Environmental Statement (ES) details in full the site selection and 
options appraisal with a summary provided below.  Section 5 of 
this DAS also discusses the iterative design process in relation to 
the positioning of the Lagoon, its shape etc.

Marine	renewables	and	wider	site	selection

Three marine renewable energy options are being considered in 
the UK: 

 ▪ Wave power; 

 ▪ Tidal stream; and 

 ▪ Tidal head.  

The proposed Lagoon utilises the tidal head generated at Swansea 
Bay.

Tidal head generation requires an area where there is a large 
difference between high and low water caused by the tides.  The 
technology works by holding back the tide in a large lagoon or 
other enclosure for a short period of time to create a difference 
in the water levels inside and outside the structure (referred to 
as ‘head’).  When the water is released, energy is generated.  
Swansea Bay has the second highest tidal range in the world 
making it a prime location for a lagoon utilising tidal head. 

Positioning	the	Lagoon

The following factors were used to select the position of the 
Lagoon within Swansea Bay:

 ▪ Beach profile and water depth: shallow waters with 
gently sloping beach profiles are preferable to minimise 
environmental and economic impacts.  Such areas are found 
off Swansea Port and between Mumbles Head and Singleton 
Park.

 ▪ Beach recreational quality: as shallow waters are preferred, 
these generally occur closer to shore and can therefore 
impact on existing beach uses.  The designated bathing waters 
in Swansea Bay have been avoided which minimises impacts 
on existing recreational amenities. 

 ▪ Landfall: a landfall is where the seawalls of a lagoon meet the 
land.  Key elements of suitable landfalls include:

 ▪ Minimising disruption to existing users

 ▪ The presence of local and wider transport infrastructure

 ▪ Availability of space for onshore facilities 

 ▪ Opportunities for further benefits to the local area

 ▪ Suitable shore profiles

 ▪ Habitats: minimising impacts on terrestrial and marine 
habitats is an important consideration.  Issues of relevance at 
Swansea Bay include Crymlyn Burrows SSSI, local sand dunes, 
the extent of the intertidal foreshore and the presence of 
Sabellaria alveolata.

 ▪ Navigation: positioning the Lagoon to avoid dredged 
navigation channels is preferable, thereby avoiding impacts on 
shipping. 

 ▪ River corridor: avoiding the interruption of water movement 
and associated potential impacts on riverine fisheries was also 
considered.

 ▪ Turbine depth: turbines need to be permanently submerged 
for power generation and therefore water depths are required 
to be consistent with or greater than the proposed turbines. 

Locating the Lagoon south of Swansea Port fulfils the above 
factors.  Here, the seabed is gently sloping for a suitable distance 
offshore, the intertidal area is not presently accessible to the 
public, with the exception of the area fronting SUBC, and the use 
of industrial landfall points minimises impacts during construction, 
including habitats and assists with transport logistics.  

Once the Lagoon is operational there is potential for facilities 
to enhance the local area, for example through visitor facilities 
and improved connections.  Locating the Lagoon between the 
navigation channels of the Tawe and Neath avoids disruption to 
shipping activities, and ensures the outer reaches of the Lagoon 
achieves the required water depths for the turbines. 
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Option	assessment	for	the	Lagoon	shape

The design of the Lagoon has evolved to achieve the most 
appropriate balance for energy generation, environmental 
considerations and cost viability. 

Lagoon	shape:	offshore

This Lagoon shape, as illustrated on Figure 3.1 had no landfall 
and it was believed that this profile would create enough energy 
and be beneficial in terms of coastal processes and sediment 
transport by allowing flow around the landward perimeter of the 
Lagoon.  However, coastal process modelling identified that it may 
potentially significantly increase scouring and preliminary energy 
and cost modelling identified that this was not commercially 
viable.

Lagoon	shape:	attached

Attaching the Lagoon to the land was found to be more 
economically viable as part of the Lagoon seawall would be 
made up by land.  This option, as illustrated on Figure 3.2 also 
has advantages for laying the cable route for connection to the 
electricity grid, as well access for the construction and operation 
period. Furthermore, an attached lagoon also offers opportunities 
for recreational and sporting activities. 

The Lagoon shape evolved following an understanding of the 
environmental constraints, energy modelling, turbines and 
cost modelling.  The final layout has been optimised based on 
potential energy production, taking into account coastal process 
modelling, including changes in current movement, navigation 
risk, geotechnical issues and engineering requirements.  

The options for the Lagoon shape are discussed more fully in 
Section 5.

Turbine	location	and	options

The engineering design of the Lagoon has considered the location 
and orientation of the turbine housing and arrangement of the 
turbines and sluices to maximise energy generation, locating the 
turbines to secure maximum tidal flow and differential.

In addition, the design responds to sea bed conditions including 
depth of sediment and geology to permit the most efficient 
engineering solution to be secured.  Locating the turbine housing 
on the most appropriate geological bed minimises the depth of 
sediment to be excavated and simplifies the deign and future 
management of scour in relation to sediment erosion.

Two types of turbine were initially considered: a single (ebb tide) 
turbine or dual generation/bi-directional (ebb and flood tide) 
turbine.  To ensure that the Lagoon is economically viable the 
preferred options for the turbines are either a slightly modified 
bi-directional double regulated bulb turbines, or a bi-directional 
variable speed bulb turbine.  These options work by harnessing 
energy when the tide goes both in and out.

To determine the number of turbines required energy modelling 
focused on the relationship between turbine diameter, discharge 
rate, power output and the number of units.  Initial modelling 
considered 2m and 3.3m units as these are the largest size unit 
that can be installed without floating caissons and without bed 
excavation. However, once it was determined that an ‘in-situ’ 
turbine housing construction method was being used with 
localised excavation, larger turbine options of 6 – 7m diameter 
were considered.  Larger turbines are preferable as fewer units are 
required, which has benefits in relation to cost, manufacturing and 
installation lead times, as well as being less harmful to fish and 
other marine species due to slower rotational speeds and higher 
flow rates.

The final turbine size and numbers are discussed more fully in 
Section 4 The Project.

Figure 3.1 - Lagoon shape with no landfall: offshore Figure 3.2 - Lagoon shape with no landfall: attached
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Sluice	gate	options

To optimise electricity generation on each tidal cycle the water 
level in the Lagoon must return as close to the water level outside 
the Lagoon as possible.  The balancing of the water level and 
power generation is achieved by flow through the turbines and 
flow through the sluice gates. The optimum number of sluice gates 
and preferred design is discussed in Section 4 The Project.

Number	of	sluice	gates

Various combinations of turbines and sluice gates have been 
considered.  Larger sluicing capacity provides higher energy 
outputs and more closely follows the natural tide in relation to 
foreshore exposure within the Lagoon. 

Bi-directional sluicing on both the ebb and flood tide at the end of 
the generation sequence allows an increase in head and therefore 
more power for the next tide.  

Type	of	sluice	gates

Whilst several sluice gate options have been considered, a simple 
and robust design has been favoured, with local fabrication 
preferable. 

Most standard gate designs were not suitable for bi-directional 
flows and as such vertical lift roller gates have been selected 
which are proven in marine use.  The gates have a large discharge 
capacity, are based on mature technology, are easy to maintain 
and can be manufactured locally. 

Size	of	sluice	gates

A larger discharge capacity through the sluice gates is more 
favourable in terms of energy production.  However, this had to be 
balanced against an optimum point for size, cost and practicality of 
logistics and supply chain. 

The final submerged gates are discussed more fully in Section 4 
The Project, and have been selected as having the most effective 
compromise between large discharge capacity, cost and logistical 
practicality.  The gates can be fabricated in Wales and transported 
with relative ease. 

Lagoon	enclosure

A number of seawall designs have been considered, including:

 ▪ Standard sand core breakwater/seawalls;

 ▪ Plain concrete caisson walls; and 

 ▪ Geotubes®. 

It has been decided that Geotubes® are most likely to be used 
as the geotextile construction allows for rapid, lower cost bund 
construction using locally gained sand and gravel.  Standard sand 
core breakwater/seawalls may also be used instead.

Turbine-housing	construction

Two options have been considered for turbine-housing 
construction:

 ▪ A floating caisson or

 ▪ An in-situ cofferdam technique

Initially, a floating caisson was favoured as a marine cofferdam 
was viewed as being too costly and it was assumed submerged 
excavations would be technically challenging. 

Following further exploration, an in-situ cofferdam technique 
has been taken forward as the preferred option.  This will allow 
construction to take place in dry conditions and is preferable 
in terms of cost, reduced risks from bad weather, ease of bed 
preparation, access for equipment and larger size of turbines. 

Temporary	bund

As a result of the preferred option to build the turbine-housing 
in-situ with a dry cofferdam, two options were considered for the 
temporary bund:

 ▪ A ‘soft’ option using sediment as the main material

 ▪ A ‘hard’ option using steel piles

Three soft options have been considered:

1) A bund constructed entirely from sand pumped into position 
by dredging equipment.

2) A bund created with Geotubes® and a sediment core, similar 
to the central section of the Lagoon seawall.

3) A bund to the same specification as the Lagoon seawall, 
including rock armour protection on the seaward side.

Option 1 was rejected due to the large quantity of sediment 
required and vulnerability of the bund to sea conditions.  Option 2 
was also rejected due to the vulnerability of the bund without the 
rock armour.  Option 3 is therefore the preferred ‘soft’ option and 
discussed more fully in Section 4 The Project.

Two hard options have been considered:

1) A circular sheet pile cofferdam.

2) Twin sheet piled cofferdam.

The circular sheet pile cofferdam would be fabricated onshore and 
floated offshore on a jack-up barge.  A crawler crane would then 
vibrate the sheet pile into place and the cells would be filled with 
sediment and a working platform/access road created on the top.  
However, this option was rejected due to the difficulty in removing 
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the piles for re-use or resale and thereby significantly increasing 
costs.  

The twin sheet piled cofferdam remains as an option and is 
discussed more fully in Section 4 The Project.

Onshore	infrastructure

Research and consultation has been undertaken in relation to a 
number of onshore infrastructure facilities including sporting and 
recreational opportunities, mariculture, and education and art.  
The options considered are summarised below:

Sport	and	recreation

Potential sporting opportunities at both the local and community 
level through to national and international events have been 
considered during the development of the Project and are 
discussed more fully in Section 5 of this DAS.  The need and 
demand for various sporting opportunities within Swansea Bay, 
and the requirement for various sports if located within the 
Lagoon were explored.  Feedback was also sought from local 
residents, liaising with local universities, colleges and schools, and 
working with existing local watersports clubs and the individual 
national sporting federations.  

An analysis of the core sports capable of using the Lagoon 
was undertaken, taking into account the class of the sport, 
local opportunities for events, the facilities requirements and 
considerations for construction and operation.  From this the 
following key sports were chosen:

 ▪ Sailing: opportunities for sailing are considerable and an 
assessment of different sailing classes has been undertaken in 
relation to spatial and operational requirements.  In addition, 
TLSB is keen to secure a significant disabled sailing facility 
which requires permanent water depth for keeled vessels.  

The sailing classes are detailed in Section 5 and the extents of 
seabed dredging  to facilitate keeled vessels, also illustrated in 
Sections 4 and 5.

 ▪ Open water swimming: Swim Wales are currently placing 
a bid to become the first ‘UK Indoor and Open Swimming 
Competition and Training facility’.  Whilst in the past 
such events have been subject to fluctuations in weather 
conditions, tides and wind force, the Lagoon with its 
potentially sheltered environment would provide a more 
suitable facility. 

 ▪ Triathlon: the Lagoon with its safe, sheltered water and 
extensive seawall public realm would be suitable for all levels 
of triathlon and provide an excellent focus for such an event.

 ▪ Rowing: the Lagoon has the potential to host both 
international and national coastal rowing events 
encompassing all levels of participation.  The site also has 
the opportunity to become a UK leading training facility 
throughout the year. 

 ▪ Provision for cycling and walking around the entire perimeter 
of the Lagoon has been considered and is proposed with links 
to the existing cycle network.  Limits to public access during 
extreme weather and during the hours of darkness, as well as 
the safety of the route have also been considered.

 ▪ Swansea Bay is also popular for recreational fishing and as 
such, opportunities for platforms and access to the Lagoon 
seawall for fishing are incorporated into the design.  

Mariculture	

The Lagoon offers opportunities for contributions to the marine 
environment, both at a conservation level and also for people, 
either personally or commercially.  Central to this is facilitating the 
regeneration of the native oyster with the Bay. Other habitats of 
ecological benefit are also provided around the Lagoon.

Research has been undertaken to allow a better understanding 
and feasibility of the mariculture options, which are summarised 
below.

 ▪ Oysters:	encouragement of the native oyster would be a 
good opportunity for Swansea Bay as a whole and would 
complement other projects within the bay.  Spatting ponds to 
accommodate the oyster are proposed within the Lagoon.

 ▪ Lobsters:	a lobster hatchery is considered to be beneficial to 
the Bay and as such a facility is proposed within the Western 
Landfall Building.  This would also offer opportunities to rear 
native marine fish species in the future.  The Lagoon would 
also provide further habitat for lobsters within the Bay in the 
form of the rocky Lagoon seawall.  

 ▪ Porphyra	(laverbread/Nori): the modest demand within the 
UK for Porphyra can be accommodated by the predominantly 
rocky Welsh coastline.  In the wider context, farming for 
Porphyra is quite complex, and therefore, from a commercial 
perspective this opportunity is not being pursued. 

 ▪ Kelp	and	biofuel: research has suggested that Kelp and other 
seaweeds could be grown and used for biofuel production in 
the future.  However, in relation to the Lagoon it is considered 
that development of the seawall for kelp harvesting would 
conflict with its biodiversity enhancement objective and, as 
such, is not being considered further. 

 ▪ Community	maritime	allotments:  the concept of community 
farms or allotments is well known and well-practiced around 
the UK.  This is something that may be considered at future 
date for the Lagoon.
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Education	and	art

Education is considered to be a significant part of the Lagoon and 
its legacy, and the collaboration in reducing carbon, delivering 
low-carbon green electricity and serving communities.  As such, 
an education programme and resource for schools and colleges of 
Swansea and Neath Port Talbot has been created.  An education 
officer has been appointed to assist schools in the implementation 
of workshops, and an on-going programme has been established 
to widen the scope of the resource and ensure all levels of 
education are encompassed.  

The Lagoon as a project also aims to strengthen the understanding 
and exploration of community values and the environment to 
increase stakeholder involvement in the development.  An art 
programme has also been created to provide a forum for artists, 
scientists and communicators to stimulate the production of art 
founded in scientific research. The arts strategy is discussed more 
fully in Section 5 Design Development.

Future creative education features and topics being considered for 
inclusion within the Offshore Building visitor centre and around 
the Lagoon include:

 ▪ Looking at the Honeycomb Worm (Sabellaria alveolata)

 ▪ An historic art trail depicting the story and future hope for 
Oyster

 ▪ Mussels along the Lagoon seawall

 ▪ Information on fish species

 ▪ Schools art

These features are discussed more fully in Chapter 3 of the ES and 
in subsequent sections of this DAS.

3.3.2.	 Operational	objectives:

The design process has been underpinned by a number of 
operational objectives for the Lagoon.  The Lagoon should be:

 ▪ Fit for purpose – it should be appropriately scaled to impound 
water in the Lagoon to create a difference in water level 
between the inside and outside of the Lagoon to generate 
electricity using the turbines, and be of sufficient scale. 

 ▪ Environmentally sound – it should operate within relevant 
environmental guidelines and regulations, and seek to 
minimise potential environmental impacts, and where 
possible include mitigation measures to reduce any impacts.

 ▪ Efficient – the layout of the Lagoon and the impounded 
area of water should be able to generate the maximum 
installed power of 320MW during optimal conditions, with an 
estimated net 400GWh of electricity on an annual basis.  As 
well as the required operational efficiencies, this should be 
balanced against the need to minimise adverse environmental 
effects, whilst ensuring the Project remains economically 
viable, requiring a balance between capital construction costs, 
yearly operational and maintenance costs, and revenues from 
electricity generation. 

 ▪ Safe – the design of the Lagoon and its operational 
layout should work to best practice, relevant guidelines 
and Regulations, ensuring a safe working environment 
during construction, operation and maintenance and 
decommissioning, and for the general public.

 ▪ Reliable – the design of the various component parts of the 
Lagoon should have an appropriate design and performance 
life being adequately robust for the marine and coastal 
environment in which they are located. The selection of 
technology for the seawall, turbines and sluice gates and their 
associated housing should be proven and reliable, and should 
be able to perform its function throughout its design life for 
100 years without requiring major upgrading or repair.

 ▪ Socially responsible – it should offer benefits to the area 
and its population; promoting education, diversification of 
habitat, sport and recreation, art and cultural activities, as 
well as encourage appropriate business and employment 
opportunities. 

 ▪ Compliant with Regulatory requirements – it should be 
compliant with relevant regulatory requirements and 
standards, demonstrated through the provision of key 
documents and information for the construction and 
operational phases of the Project. 
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3.4. DESIGN OBJECTIVES

Key design objectives were established at the outset of the Project 
and informed the subsequent design principles.  

The Design Objectives embodied in the Project comprise the 
following:

 ▪ To create a worthy legacy for Swansea and the surrounding 
areas and its residents

 ▪ To generate sustainable energy using natural processes

 ▪ To enliven sport, tourism and leisure within the Bay

 ▪ To provide a dynamic educational environment

 ▪ To act as a catalyst for on-going economic development

 ▪ To provide new habitats and establish a new coastal landscape

 ▪ To develop the proposal having regard to its natural habitats 
and environment

3.5. DESIGN PRINCIPLES

The design process has been underpinned by establishing a series 
of design principles.  Design principles are the measures that are 
used to meet design objectives.  The design principles have been 
developed to ensure that the Lagoon will:

 ▪ Build on Swansea’s rich cultural heritage - the historic port 
context of the Project including the pillboxes and defensive 
structures south of the Queen’s Dock form an important 
backdrop to the Lagoon and a fundamental part of the 
Maritime Park concept.

 ▪ Respond to place and create new environments – Swansea 
Bay is a dynamic environment shaped by a number of 
processes that includes a number of sensitive habitats.  The 
design of the Lagoon responds to the existing context, as well 
as creating enhanced habitats contributing to the biodiversity 
of the Bay. 

 ▪ Establish strong connections - the Project occupies an area 
of land that is currently devoid of public access and forms 
a break in the otherwise naturally occurring east/west 
connections that might be expected in a coastal landscape 
and settlement pattern.  The Project provides opportunities 
for improved connections for pedestrians, cyclists and 
vehicles.

 ▪ Celebrate sustainable energy production and create an 
exemplar educational resource for tidal power - the Project 
includes visitor orientation and centre facilities to aid 
interpretation and support the full enjoyment of the Lagoon’s 
energy generating capacity and the exciting engineering 
associated with it.  The Project provides additional benefits 
that enhance the celebration of the Lagoon for the wider 
general public and visitors.

 ▪ Create an international events destination - consultation and 
analysis has identified a number of potential water-based 
sports activities that could be accommodated within the 
Lagoon.  Sensitive traffic management and appropriately 
scaled infrastructure are designed to support infrequent large 
scale events.

 ▪ Create a world class public realm and coastal experience - 
Swansea Bay forms an attractive sheltered coastline that can 
be experienced from the centre of the open water of the Bay.  
The public realm design establishes four different character 
areas within the Maritime Park that respond to the Swansea 
Bay context and the opportunities afforded by the Lagoon 
seawall and facilities.  The public realm design provides 
opportunities for punctuation and animation reinforcing its 
destination location.

 ▪ Provide opportunities for different ‘audiences’ - the Lagoon 
will provide facilities for all age groups including those with 
disabilities.  The facilities include open water sports activities, 
formal and informal play, nature conservation, informal 
recreation including cycling and walking, appreciation of the 
‘heroic engineering’ of the Lagoon and appreciation of art 
expressed in the Arts Strategy.

3.5 PROJECT VISION

The vision for the Project is founded on the design objectives 
and principles.  The masterplan for the Project seeks to establish 
a flexible concept of a new recreational coast line for Swansea 
between the city centre beach front to the west, and Crymlyn 
Burrows to the east.

The masterplan was developed as a flexible framework that could 
respond to ongoing environmental analysis, consultation, land 
negotiation and design iteration.  The following aspects of the 
framework were identified: 

 ▪ Connection to the city and surrounding area 

 ▪ Access by vehicles to the Project 

 ▪ Recreation opportunities, with the Lagoon providing a   
destination location, a place to visit, and a new public realm  
to be experienced and enjoyed. 

 ▪ Sports	opportunities that could be offered by the Project 

 ▪ Adjoining	uses and the existence of the Port and SUBC   
being identified as key drivers for the masterplan

 ▪ Character	and context of the Lagoon with the    
masterplan offering a public realm concept that responds to  
potentially conflicting requirements and uses

 ▪ Environmental context, minimising environmental   
impacts, creating enhanced habitats and contributing to the  
biodiversity of the Bay

The Vision for the Project is discussed more fully in Section 5 of 
this DAS.
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3.6. CONTEXT AND DESIGN STUDIES 

Having established the design principals, a series of focused design 
studies was undertaken.  These studies formed the basis for future 
design development, underpinning design as it moved forward to 
more detailed resolution.  A summary of these studies is provided 
below:

 ▪ Coastal processes, including tide flow, sediment and wave 
action – this included initial modelling work that informed the 
initial Lagoon strategy and subsequent modelling to test the 
‘preferred’ options etc.  A number of potential Lagoon lay-
outs were considered and were evaluated in terms of power 
output, costs, environmental impact, Lagoon seawall length 
relative to Lagoon area etc.  The final layout of the Lagoon has 
an important influence on the hydrodynamics of Swansea Bay, 
and thus also on the coastal processes such as tidal flows and 
currents, waves, water quality and sediment transport.  All of 
these aspects were analysed in detail in order to determine 
the impact that the Lagoon could have and how this impact 
could be minimised. 

 ▪ Energy studies – this included detailed energy studies that 
looked at the optimal annual power output that could 
be achieved by the Lagoon.  Based on the results of the 
investigations, the operational strategy for the turbines 
and sluices could be optimised together with the optimum 
number of turbines and sluices.  Further detailed physical 
model tests will be undertaken by the turbine manufacturers 
in order to prove the actual performance of the turbines in 
relation to power output, efficiency, etc.

 ▪ Lagoon operational studies – this included studies in relation 
to the turbines, sluice gates and Lagoon seawalls (Geotubes® 
and dredging requirements) to inform the design and 
construction aspects of the Project.  Specific studies included: 

 ▪ A geophysical and bathymetric survey to determine the 
water depths and seabed characteristics

 ▪ A geotechnical investigation including seven boreholes to 
determine the subsoil conditions

 ▪ Physical model studies to confirm the validity of the 
Lagoon seawall design

 ▪ Physical tests to determine the optimum methodology 
for the filling and laying of the Geotubes®

 ▪ Water Safety – a design risk assessment was undertaken in 
relation to the design and access of the Lagoon seawall.  In 
accordance with normal practice for public assess areas, 
railings/balustrades are to be provided in areas with a vertical 
drop height greater than 1m, for example at the turbine 
house.  As most of the Lagoon seawall has graded rock 
armour sides down to the seabed, railings and balustrades are 
not generally provided.  A public safety risk assessment will be 
undertaken during detailed design in relation to all issues of 
public safety, including information and signage with respect 
to hazards and emergency contact details and procedures.   
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