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Preface

This Environmental Statement has been prepared by the RPS Group Plc on behalf of DONG
Energy in support of the following applications for an offshore wind farm in the outer Thames
estuary:

Application Lead Authority

Section 36 and Section 36A of the Electricity Act
1989

The Department of Trade and Industry (DTI)

Section 95 of the Energy Act 2004

The Department of Trade and Industry (DTI)

Section 5 of the Food and Environmental
Protection Act 1985 Part I

The Marine and Fisheries Agency

Section 34 of the Coast Protection Act 1949

The Marine and Fisheries Agency

Port of London Act 1968, River Works Licence

Port of London Authority

Requests for additional copies of this Environmental Statement, priced at £250 for hardcopy
and free on CD, or the Non-Technical Summary (free) should be made to:

Gunfleet Sands Consents Manager
c/o DONG Energy

1, Grosvenor Crescent

Belgravia

London

SW1X 7EF

A downloadable version of the Non Technical Summary is also available from the Gunfleet
Sands Offshore Wind Farm website: www.gunfleetsands.co.uk

No part of this publication may be reproduced by any means without prior written permission
from DONG Energy. Every effort is made to ensure the accuracy of the material published.
However, neither DONG Energy or RPS Group Plc will be liable for any inaccuracies.

Some material within this product has been reproduced from Admiralty Chart 1183 by
permission of the Controller of Her Majesty's Stationer Office, the Port of London Authority and
UK Hydrographic Office (www.ukho.gov.uk). Copyright Licence 4234. NOT TO BE USED FOR
NAVIGATION.
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1. INTRODUCTION

1.1 Background to the Development

The Gunfleet Sands project, which is located approximately 8.5km south-east of Clacton-on-
Sea, Essex, consists of the already consented Gunfleet Sands 1 project1, which has consent to
construct up to 30 turbines, each of a maximum capacity of 3.6MW, thus yielding a total
capacity of 108MW, and a proposed extension, Gunfleet Sands 2 (GS2) — see Figure 1.1.
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Figure 1.1 Gunfleet Sands Development - Regional Location Map

The GS1 project has obtained the following consents necessary for its construction and
operation:

' For the purpose of this ES the terminology Gunfleet Sands 1 will be used for the already consented part of the
project otherwise referred to as just Gunfleet Sands. Gunfleet Sands 2 will be used for the extension dealt with in the

present report. The phases are abbreviated GS1 and GS2, respectively.



Consent Licence Number Issue Date

Transport and Works Act (TWA) order (The Gunfleet 2004 No. 933 April 2004
Sands Offshore Wind Farm Order, 2004).
Food and Environment Protection Act (FEPA) licence (for | Original — 31919/03/0 November
construction of the turbines) 2003
Revision -31919/06/02

Food and Environment Protection Act (FEPA) licence (for | 32765/05/02 December
construction of met mast and radar mast) 2005
Coast Protection Act, Section 34 (for met-mast and radar | 32765/05/02 September
mast) 2005
Town and Country Planning Act (for all onshore cabling 03/00011/FUL March 2003
works)
Water Resources Act 1991, Sections 109 and 210 (for AE/2003/00030 March 2003
onshore cabling works)
Town and Country Planning Act (for modification to cable | 06/000445/FUL May 2006
route crossing and directional drilling under Holland
Brook)
Water Resources Act 1991, Sections 109 and 210 (for AE/2006/00095 April 2006
modification to cable route crossing and directional drilling
under Holland Brook)
Town and Country Planning Act (for installation of fibre 03/00011/FUL October
optic cable from consented cable jointing pit to PLA radar 2006
compound

Table 1.1 Consents awarded to the GS1 project

The proposed extension, (GS2) was awarded a lease option agreement by Crown Estate in
December 2003 and includes up to 22 turbines with a maximum total capacity of 64MW. The
development comprises the turbines, inter turbine cabling, an offshore substation, an optional
met mast and radar mast.

The development will utilise the existing onshore electricity connection consented under the
GS1 Town and Country Planning and Water Resources Act permissions and the offshore
export cable route consented under Transport and Works and FEPA to Mean High Water
Springs (MHWS).

1.2 The Applicant

In December 2006, DONG Energy (DONG) acquired the GS1 and GS2 offshore wind farm
projects from GE Wind Energy. DONG is one of the leading energy groups in the Nordic region.
The company pioneered the offshore wind farm industry in Denmark with projects constructed in
the 1990’s. In 2002 and 2003 DONG constructed the world’s two largest offshore wind farms;
Horns Rev and Nysted.

DONG is involved in a number of Round 1 and Round 2 offshore wind projects in the UK. In
2006 the Barrow offshore wind project went into operation and currently the Burbo Bank project
is under construction, which will be completed during 2007.

1.3 Project Consultants

The Environmental Impact Assessment (EIA) process for the GS1 project was undertaken by
Hydrosearch Associates Ltd. In 2003, Hydrosearch was acquired by the RPS Group, becoming
RPS Energy. RPS Energy (RPS) has continued to provide consultancy support to the Gunfleet
Sands project between 2002 to date and have been commissioned by DONG to manage the
EIA process for the GS2 development.

RPS has extensive experience in providing consultancy services for the offshore renewables
sector. In summary, RPS has been, or is currently involved in, the following offshore wind
projects:



¢ Burbo Bank *  West of Duddon ¢  Shell Flats

¢ Humber &  Westernmost ¢ Docking Shoal ¢« Rhyl Flats
Rough e Longlsland, US e Kentish Flats

¢ Arklow Bank e« Cromer e Lynn
*«  Gunfleet | * *  Solway Firth e Inner Dowsing
¢ London Array * e Scarweather Sands e Lincs*
¢ Scroby Sands *  Walney*
e Blyth Offshore e Sheringham Shoal**

* Lead consultants responsible for overall EIA process.

> Peer review of Environmental Statements

The Environmental Statement for this project has been prepared by the following consultants.

Organisation Scope of Works

RPS Overall EIA co-ordination

Marine Ecology and Marine Mammals
Nature Conservation

Commercial Fisheries and Fisheries Ecology
Archaeology

Ornithology

Unexploded Ordnance

Water Quality

Specification and QC of Geophysical Survey

ABPmer Coastal Processes
Marico Marine Navigation Risk Assessment
Landscape Design Offshore Photomontages
Associates Seascape and Visual Impact Assessment
Osiris Projects Geophysical Survey and Benthic Grab Survey
Legal Advice Hammonds

Table 1.2 List of contributors to GS2 EIA

1.4 Policy Context and the Strategic Need for Wind Power

The following section of the ES presents a brief summary of key global, European and UK
policy and legislation related to renewable energy, in particular wind. This section is intended to
provide the context for the proposed GS2 development.

1.4.1 Global Policy

In 1988 the United Nations Environment Programme (UNEP) established the Intergovernmental
Panel on Climate Change (IPCC), in order to provide regular assessments of the state of
knowledge on climate change.

The IPCC'’s initial Assessment Report in 1990 contributed to the development of The Kyoto
Protocol to the United Nations Framework Convention on Climate Change (UNFCCC). This was
adopted in 1992 and entered into force in 1994. The IPCC’s second Assessment Report
provided vital input to the process which ultimately led to the adoption of the UNFCCC in 1997.



Under the Kyoto Protocol, participating countries have agreed to limit or reduce their emission of
greenhouse gases and have been assigned targets stipulating the maximum amount which they
can emit per year over the Commitment Period (2008—12). Following Russia’s ratification on 18
November 2004, the Kyoto Protocol entered into force on 16 February 2005.

1.4.2 European Policy

The European Council (2001) Directive 2001/77/EC relates to the promotion of electricity
produced from renewable energy sources. Issued in September 2001, it commits Member
States to setting national targets from renewable sources in terms of a proportion of total
electricity consumption.

In 2005, the European Union set an initial target of generating 22 per cent of its electricity from
renewable sources by 2010. This target will only be reached with a significant contribution from
wind, which has the potential to meet up to 50 per cent of the target. More recently, on March
9™ 2007, European Union leaders agreed to adopt a binding target on the use of renewable
energy, including wind, within all 27 EU states. This target was set at 20% by 2020. During the
same summit in Brussels, EU leaders also agreed to cut carbon dioxide emissions by 20% by
the same date.

143 European Wind Capacity

With respect to the capacity within EU states for electricity generation from wind, in 2006 the
cumulative wind power capacity operating in the EU increased by 19% and now exceeds
48,000 MW. In an average wind year this will produce approximately 100 TWh of electricity,
equal to 3.3% of total EU electricity consumption.

For the seventh consecutive year, wind power is second only to gas-fired capacity
(approximately 8,500 MW in 2006) in terms of new electricity generating installations.

The top five European countries contributing to cumulative wind power capacity at the end of
2006 were:

1. Germany (20,622 MW);
2. Spain (11,615 MW);

3. Denmark (3,136 MW);
4. Italy (2,123 MWQ;

5. UK (1,963 MW)

Figure 1.2 below shows the amount of new wind installation (in MW) within the EU in 2006.
144 National (UK) Policy

As its contribution to the EU commitment to the Framework Convention on Climate Change, the
UK is committed to greenhouse gas emission reductions of 12.5 per cent from 1990 emission
levels by a date in the period 2008-12. However, the UK Government has set itself a domestic
target for reduction of CO, emissions beyond this commitment to the EU. The domestic target is
to reduce CO, emissions by 20% below 1990 levels by 2010.

2Figures courtesy of the European Wind Energy Association
32,000MW level exceeded in UK in February 2007.



In November 2000, the Government published the UK Climate Change Programme, which
outlined the target areas and policies through which it intended to achieve these targets.

Lithuania (49) Belgium (27)

Poland (69) gy eden (62) Hungary (43

Austria (146)

Czech Republic (22)
Greece (172)

Denmark (11)

Ireland (250) Finland (4)

Netherlands (356)

ltaly (417)

UK (634)

Portugal (694)

Figure 1.2 New wind installation (MW) in EU member states, 2006

The Climate Change Programme further states that its main objective in the energy sector is to
work towards the target of obtaining 10 per cent of the UK’s electricity supply from renewable
sources by 2010, with an extension of this target to 15 per cent by 2015.

In February 2003, the Government also published an Energy White Paper, sub-titled, “Our
Energy Future — creating a low carbon economy”. This white paper identified three key
challenges to UK energy supply; environmental; decline in indigenous supplies; and a need to
update existing infrastructure. To address these challenges, four key goals were proposed, the
first of which was to put the UK on a path to cut CO, emissions by some 60% by about 2050,
with real progress by 2020.

More recently, in March 2007, the Government published a draft Climate Change Bill that sets
out a series of measures intended to cut emissions of CO, by 60% by 2050. The draft Bill also
includes proposals to make these carbon reduction targets legally binding.

The development of renewable energy is vital to the Government’s CO, reduction targets, and
provides benefits to the UK economy in terms of security of energy supply and economic
development.

With respect to specific planning documents and policy, Planning Policy Statement 22 —
Renewable Energy (PPS22), sets out the UK Government’s policies for renewable energy.
Local Planning Authorities should have regard for this document when preparing local
development documents and when taking planning decisions.



1.4.5 UK Wind Capacity

Renewable energy sources in the UK now provide just over 5% of the total electricity supply, of
which about half comes from wind (DTI, 2006). On the o" February 2007, the Braes of Doune
Onshore Wind Farm was officially opened by the Secretary of State for Trade and Industry,
Alistair Darling. The commissioning of this facility took the UK over the 2 gigawatt level of
installed wind capacity, in turn becoming only the seventh country worldwide to achieve this
milestone.

The recently completed Energy Review (DTl 2006) reaffirms the UK Government’s commitment
to renewable energy and the Renewables Obligation (RO). The RO is the Government’s main
policy instrument for encouraging the development of renewable energy generating capacity. It
has provided an impetus to meet the UK’s target of achieving 10% of electricity production from
renewable energy sources by 2010 and 15% by 2015. The Energy Review expresses the
Government’s aspiration to strengthen the RO to give longer-term certainty, including extending
obligation levels to 20%. The Review gives particular support to offshore wind.

The development of offshore wind power is regulated through a series of Development Rounds
administered by the Crown Estate, as landowner of the seabed to the territorial limit (12 nautical
miles) and administrator beyond that limit.

Eleven Round 1 projects have been consented, totalling 1 GW of capacity. Of these, four are
operational and three are being constructed. In December 2003 it was announced that 15
projects would be awarded Round 2 licences, with a combined potential capacity of 7.2 GW.

As of May 2007, three Round 2 projects have been awarded consents for at least the marine
elements of the scheme. These are London Array, Greater Gabbard and Thanet, all in the
Thames Estuary.

1.4.6 The Stern Review

2006 saw the publication of the Stern Review ‘The Economics of Climate Change’, an
independent review to assess the evidence and build understanding of the economics of climate
change. This was an independent review commissioned by the Chancellor of the Exchequer,
reporting to both the Chancellor and the Prime Minister.

The review concluded that the scientific evidence for climate change is now overwhelming,
climate change presents very serious global risks, and it now demands an urgent global
response. The economic costs of doing nothing about climate change will be equivalent to
losing up to 20 per cent of global GDP each year. All countries will be affected, but the poorest
countries will suffer earliest and most. The benefits of strong, early action will considerably
outweigh the costs.

The report states that policy to reduce emissions should be based on three essential elements:
carbon pricing, removal of barriers to behavioural change and, of most relevance to this project,
supporting the development of a range of low-carbon and high-efficiency technologies on an
urgent timescale.

1.4.7 Regional Policy

Emerging regional guidance for the East of England region is set out in the East of England
Plan — Draft revision to the Regional Spatial Strategy (RSS) for the East of England. The RSS
sets out a strategy to guide planning and development in the East of England to the year 2021.
Within the draft document, policy ENV8 — Renewable energy and energy efficiency set out
planning advice related to renewable energy projects.



Following a review of the draft document by Government, changes were proposed to this policy,
with policy ENV8 replaced by two separate policies (ENG1 — Carbon Dioxide Emissions and
Energy Performance and ENG2 — Renewable Energy Targets).

Public consultation on the Government’s Proposed Changes to this plan ended on 9™ March
2007. Following consideration of responses to this consultation stage, the Secretary of State is
expected to publish the finalised East of England Plan in mid 2007.

Details of Policy ENG2 are provided below.

Policy ENG2 — The development of new facilities for renewable power generation will be
Renewable supported, with the aim of meeting the following regional targets.

Energy Targets

By 2010 - at least 1192 Megawatts of installed capacity for renewable energy.

By 2020 - at least 4250 Megawatts of installed capacity.

The targets outlined within Policy ENG2 are based upon a regional study of the capacity for
renewable energy within the East of England region that was published in mid-2001*. This final
report set two possible targets for 2010 — a business as usual target and an elevated target.
Using the report's elevated target, it was concluded that renewables would supply 14% of
Eastern region’s electricity in 2010. This would be acheived mainly through the deployment of
onshore and offshore wind and biomass plants.

Table 1.3 summarises renewable energy percentage targets for the East of England, based on
the findings of this reports.

2010 — Excluding 2010 — Including 2020 - Excluding 2020 — Including

offshore wind offshore wind offshore wind offshore wind
10% 14% 17% 44%
Table 1.3 Reviewed renewable energy targets for 2010 and 2020 expressed as the
percentage contribution of renewables to total electricity consumption in the
East of England

1.4.8 Local Policy

The proposed GS2 development has no landward infrastructure associated with it as it will
utilise the power export cable and land-based substation works that are already consented as
part of the Gunfleet Sands 1 project. Therefore, no part of the proposed GS2 development is
within the jurisdiction of the local planning authority, Tendring District Council. Even so, it is
relevant to consider this proposed development in the context of local planning policies.

The Tendring District Local Plan was adopted by the council on 14" April 1998 and covered the
period up to 2001. A Replacement Local Plan has now been developed that provides up to
date planning policies and proposals to guide development up to 2011. A re-deposit draft of the
Local Plan was published in 2005.

Policy EN13a of the re-deposit draft relates to Renewable Energy.

* East of England Sustainable Development Round Table: Making Renewable Energy a Reality: Setting a

Challenging Target for the Eastern Region.



Policy EN13a — Planning permission will be granted for development proposals for
Renewable Energy renewable energy generation, subject to there being no material
adverse impact on the local environment in relation to noise;
vibration; smell; visual intrusion; residential amenity; landscape
characteristics; biodiversity; cultural heritage; the water environment;
the treatment of waste products and highway and access
considerations.

At a broader, county level, the principal local planning document is the Essex and Southend-on-
Sea Replacement Structure Plan (April, 2001). The following policy is of note within this plan.

Sy s EN TR CR S EITGAA . Proposals for renewable energy schemes will be permitted providing
Schemes there is no materially adverse impact upon:

1. Existing land-uses by reason of pollution, odour, noise or
loss of visual amenity;

2. The local highway network, including the convenience and
safety of road users;

3. Telecommunications networks, radar installations and flights
paths for aircraft;

4. Areas of Outstanding Natural Beauty, the Coastal Protection
Belt, statutorily protected nature conservation sites,
landscape character, historic settlements or buildings/areas
of architectural importance.

In relation to offshore schemes, the visual impact of associated
onshore electricity transmission equipment should be minimised,
preferably by the undergrounding of cables and servicing for the
development should be from local port facilities.

1.4.9 Conclusions on Policy Context

The preceding sections provide a brief overview of various policy and legislative frameworks, on
a global to local level, that have been implemented in order to facilitate and support reductions
in carbon emissions. Specific reference has been made to the key role that renewable energy
projects have to play in achieving these reductions in carbon emissions.

From this overview, it is possible to note that the proposed GS2 project fits well with existing
policy and has the potential to play a key role in helping the UK achieve its targets of electricity
generation from renewable energy schemes.



2. APPROACH TO THE ENVIRONMENTAL IMPACT ASSESSMENT

2.1 The EIA Process

The EC Directive 85/337/EEC as amended by Directive 97/11/EC (The EIA Directive) requires
an EIA to be completed in support of an application for development of certain types of projects.
Offshore wind farms are listed in Annex Il of the Directive as “installations for the harnessing of
wind power for energy production (wind farms)”, and these provisions have been transposed
into UK legislation.

Table 2.1 (below), lists the requirements of the EIA Directive, together with the location of this
information within the ES.

EIA Regulations: Schedule 4, Parts | and Il Location within ES
A description of the development proposed, comprising information about its | Chapter 3
site and the design, size or scale.

An outline of the main alternatives studied by the applicant, or appellant, and | Chapter 3
an indication of the main reasons for their choice, taking into account the
environmental effects.

The data required to identify and assess the main effects that the Chapters 4 - 19
development is likely to have on the environment.

A description of the likely significant effects of the project on human beings, Chapters 4 — 19
flora, fauna, water, air, climate, material assets, cultural heritage and the
interaction between these.

A description of the likely significant effects of the development on the Chapters 4 - 19
environment, which should cover the direct effects and any indirect,
secondary, cumulative, short, medium and long term, permanent and
temporary, positive and negative effects of the development resulting from:

(a) the existence of the development;

(b) the use of natural resources;

(c) the emission of pollutants, the creation of nuisances and the elimination
of waste.

A description by the applicant of the forecasting methods used to assess the
effects on the environment.

A description of the measures envisaged to prevent, reduce and where Chapters 4 - 19
possible offset any significant adverse effects on the environment.
Measures to monitor these effects should the development proceed. Chapters 4 - 19

An indication of any difficulties (technical deficiencies or lack of knowledge) Chapters 4 - 19
encountered by the applicant in compiling the required information.

A non-technical summary of the above information (this exists as a stand- NTS
alone document separate to this ES).

Table 2.1 Requirement of the EIA Directive (97/11/EC) and location of information within the
ES

211 Electricty Act 1989

The need for an EIA for electricity generation projects requiring consent under Section 36 of the
Electricity Act 1989 is provided for in England and Wales by the Electricity Works
(Environmental Impact Assessment) (England and Wales) Regulations 2000. These set out the
statutory process and minimum requirements for the provision of adequate environmental
information to enable the likely significant environmental effects of the development to be
assessed. Regulation 7 of the 2000 Regulations enables a written request to be submitted to
the Secretary of State (SoS) to state his opinion as to the information to be provided with the ES
(the scoping opinion).



2.1.2 Food and Environment Protection Act 1985

No regulations applying the EIA directive have been made under this Act. However, Section 8
of the Act requires applicants to provide the licensing authority with such information as it
deems necessary to enable it properly to consider the application. The licensing authority’s
policy is that this information shall include the equivalent of a formal ES in support of all offshore
wind farm projects to inform the process of impact assessment.

21.3 Harbour Works (Environmental Impact Assessment) Regulations 1999

An EIA is also required to satisfy the Harbour Works (Environmental Impact Assessment)
Regulations 1999 where a scheme is proposed that is to be sited in or partly within a port or
harbour.

21.4 Town and Country Planning Act 1990

The Town and Country Planning (Environmental Impact Assessment) (England and Wales)
Regulations 1999 implement the EIA Directive, so far as it applies to development under the
Town and Country Planning Act 1990. However, the proposed GS2 development would utilise
landward infrastructure that is already consented via the GS1 project. Therefore, no additional
landward consents will be required and an EIA under the Town and Country Planning
Regulations will not be required.

2.2 EIA Guidance

Guidance on implementing the UK’s EIA Regulations is provided in DETR Circular 02/99
Environmental Impact Assessment and also in the DETR’s Environmental Impact Assessment:
A Guide to Procedures, 2000.

Specific guidance with respect to EIA for offshore wind farms has been obtained from the
following documents;

* Guidance Note for Environmental Impact Assessment in respect of FEPA and CPA
requirements (Version 2 — June 2004; Marine Consents Environment Unit);

« Consultation for Offshore Wind Energy Developments: Best Practice Guidelines
(BWEA, 2002);

e Guidance on Electricity Works (EIA) Regulations (DTI, 2000);

e Guidance Notes: Offshore Wind Farm Consents Process (updated August 2004; DTI
and MCEU).

« Historic Environment Guidance for the Offshore Renewable Energy Sector. Wessex
Archaeology, January 2007. Report commissioned by COWRIE Ltd.

«  BWEA Recommendations for Fisheries Liaison. August 2004.

2.3 Identification of Likely Significant Impacts

The potential significant impacts associated with this proposed development have been
identified through a variety of methods. These are listed below;

* Review of generic EIA guidance for offshore wind farms®;
« Consultation with key stakeholders via issue of an EIA scoping report (see Section
2.4 below);

% CEFAS (2004). Offshore Wind Farms - Guidance note for Environmental Impact Assessment In respect of FEPA
and CPA requirements Version 2 - June 2004.
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* Meetings with key stakeholders;
e Review of the formal scoping opinion issued by the DTI (February 2007);
» Experience and expertise of the EIA project team.

24 Impact Assessment Methodology

In order to assess the potential impacts of the proposed GS2 development, the magnitude of
the effect being assessed has been evaluated against the sensitivity of the receptor in question.
In determining the magnitude of any given effect, the following have been considered:

e Spatial extent of the effect;
e Duration of the effect; and
*  Frequency of the effect.

In terms of the sensitivity of the receptor, the following have been considered;

¢ Vulnerability of the receptor;
« Recoverability of the receptor; and
* Value/lmportance of the receptor.

The significance of an impact has been assessed by combining the evaluations of the
magnitude of a potential impact and the sensitivity of the feature affected as indicated in Table
2.2 (below). For example, an impact of low magnitude acting on a feature of high sensitivity is
assessed as an impact of Moderate significance.

Magnitude of Significance

Effect High Moderate Moderate/Major Major
Medium Minor/Moderate Moderate Moderate/Major
Low Negligible Moderate Moderate
Low Medium High
Value and Sensitivity of Receptor

Table 2.2

Table 2.3 (below) provides definitions of the significance levels shown above.

1"

Matrix of magnitude of effect & value/sensitivity of receptor used to derive the
significance of effect



Significance Definition

Negligible Very slight change from baseline condition. Change barely distinguishable,
approximating to the “no change” situation.

Minor Adverse The impact is undesirable but of limited concern.
Moderate The impact gives rise to some concern but it is likely to be tolerable
Adverse (depending on its scale and duration).
Major Adverse The impact gives rise to serious concern and is judged unacceptable
Minor Beneficial The impact is of minor significance but has some environmental benefits.
Moderate The impact provides some gain to the environment.
Beneficial
Major Beneficial The impact provides a significant positive gain to the environment.

Table 2.3 Definitions of significance used within this ES

For certain discrete sections, including ornithology and marine mammals, slightly different
impact assessment methodologies have been used. Where certain parameters use different
methodologies these are outlined in the respective sections.

With respect to cumulative impact assessment, the EIA for GS2 has assessed the potential for
cumulative impacts to arise;

¢ Ontheir own, i.e. impacts developing over time associated with GS1.

«  Cumulatively with all adjacent wind farm consented and proposed sites (Round 1 and
Round 2);

e Cumulatively with any combination of the consented and proposed wind farm sites
(Round 1 and Round 2) within the same SEA area and

«  Cumulatively with any combination of all the above with other existing or proposed
offshore developments.

2.5 Scope of the Environmental Impact Assessment

In order to assist the identification of environmental effects from the proposed GS2
development, a formal scoping exercise was undertaken and an EIA Scoping Report produced.
This report was issued to key stakeholders in December 2006.

The objectives of this report were:

« To set out the overall approach to the EIA process;

« To identify the main aspects of the environment likely to be significantly affected by
the construction and operation of the proposed GS2 development;

< To identify relevant environmental studies for the competent authorities and statutory
consultees to consider;

« To set out a provisional contents list and structure for the ES for GS2; and

« To invite comments on (a) the proposed project and the (b) proposed scope of the
EIA, from key stakeholders and consultees.

Details on the organisations that were issued with the Scoping Report are set out below in Table
2.4. Those organisations that responded to the scoping report are highlighted with an asterisk
(*). All responses received are included within Appendix B. The Scoping Report was also
issued to the DTI who undertook their own consultation process with key stakeholders.
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The results of the DTI consultation were used to formulate the formal scoping opinion that was
The scope of this EIA is largely based upon the

issued to DONG by the DTI in May 2007.

formal scoping opinion issued to DONG by the DTI.

2.6 Consultation Process

As part of the formal EIA process undertaken for this project, and in line with best practice for
offshore wind farm projects, consultation has been undertaken with a wide range of statutory

and non-statutory stakeholders at all stages of the project to date.

A formal scoping report was produced in December 2006 that was issued to the organisations

listed below.

CEFAS Chamber of Shipping *

DEFRA * East of England Tourist Board

DTI * English Heritage (HQ) *

DT English Heritage (Eastern England)

Natural England *

Essex Police Marine Unit

Environment Agency *

Essex Shellfishermen's Association

Essex County Council

Essex Wildlife Trust

Defence Estates *

Frinton and Walton Town Council

Tendring District Council *

Greater London Authority

Harwich Haven Authority

Harwich Fisherman's Association

JNCC

Holehaven Fishermen's Association

Kent and Essex Sea Fisheries Committee *

Honourable Company of Master Mariners *

Marine Fisheries Agency

Ipswich Borough Council

Maritime and Coastguard Agency *

ITC

National Air Traffic Services *

Leigh and Southern Fishermen's Association

Port of London Authority *

Leigh on Sea Shellfish Merchant's Association

Crouch Harbour Authority

London Port Health Authority

Royal Society for the Protection of Birds *

Maldon District Council

Royal Yachting Association — HQ * Medway Ports

Royal Yachting Association, Eastern Region * St Osyth Parish Council

Trinity House * NTL *

Angling Skippers Radio Communications Agency
Babergh District Council RNLI

Blackwater Oystermen's Association

Rochford District Council

Bradwell Marina

St Osyth Parish Council

Crown Castle *

Thames Water

Brightlingsea Harbour Office

Thurrock Council

Brightlingsea Town Council

Walton Fishermen

Table 2.4

Organisations issued GS2 scoping report ( * signifies response received)




BT * West Mersea Fisherman's Association
Warwick Energy Ltd London Array Ltd

Burnham and District Fishermen Westminster Gravels Ltd

Cable & Wireless * Colchester Port

Ofcom Thames 21

Suffolk Coastal District Council CSS

Colchester Borough Council Greater Gabbard Offshore Wind Ltd
Civil Aviation Authority * London Southend Airport *

Clacton Fishermen Thurrock Thames Gateway Development Corporation *
T-Mobile * Clacton Aerodrome

National Grid Wireless NFFO

Orange * Kentish Flats Ltd *

BBC — wind farms query tool*

Table 2.4 (Cont’d)

In addition to written consultation, meetings have been held over the course of the project.
These are summarised in Table 2.5.

Organisation Date Location
Defra/DTI 23.11.06 & 23.04.07 London
Local commercial fishermen 12.12.06 Clacton
Brightlingsea Harbour/RYA 13.12.06 Brightlingsea
Tendring District Council 13.12.06 Weeley
Kent and Essex Sea Fisheries Committee 22.02.06 Brightlingsea
RSPB 28.02.07 London

Port of London Authority 26.02.07 & 18.04.07 London
Trinity House 05.03.07 London
Natural England/Defra/DTI 21.03.07 London
MCA 22.03.07 Southampton
Local commercial fishermen 12.12.06 & 19.04.07 Clacton
CEFAS 01.02.07 London
RYA/Fishermen/Port of London Authority 12.04.07 London

Table 2.5 Meetings held during EIA process for GS2

All the consultation undertaken as part of the GS2 project has sought to maintain the clear lines
of communication between the developer and key stakeholders established during the GS1
project.

2.7 Regulatory Context

2.7.1 Overview

It is important to note that this proposed development will utilise the same export cable as the
GS1 project, which has already obtained all the necessary consents (both offshore and
onshore). Therefore, the consents being sought for the GS2 development only relate to the
construction of up to 22 additional turbines and the related inter-turbine cables, i.e. offshore
works only.
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It should also be noted that permission is being sought to move the location of the currently
consented offshore substation. The reason for moving the substation is to obtain a logical and
optimised design of the inter-turbine cable array for both phases 1 and 2.

Permission to relocate the offshore substation is being sought via an amendment to the existing
FEPA and CPA consents for this structure.

2.7.2 Offshore Wind Farm Consents Process

It is intended to seek consents for the GS2 development under the following provisions:

» Section 36 Electricity Act 1989 — for the construction and operation of the wind farm.
The scope of this consent will include the wind turbines and their foundations;

e Section 36A (l) Electricity Act 1989 (Declaration) — Where a consent is granted by the
Secretary of State (SoS) in relation to the construction or operation of an offshore
wind farm, he may at the same time make a declaration under Section 36A (I) of the
Act as respects rights of navigation;

* Section 5 Food and Environment Protection Act (FEPA) 1985 Part Il - consent for the
placement of wind turbine foundations in the seabed and laying of cables between
the wind turbines;

» Section 34 Coast Protection Act 1934 — consent from the SoS for the construction of
the proposed development. The purpose of this consent is to ensure that works do
not endanger the safety of navigation;

* River Works Licence from the Port of London Authority — so far as necessary for all
parts of the development within the Authority’s jurisdiction; and

< Section 95 Energy Act 2004 (Safety Zones) — Where a renewable energy installation
is proposed to be constructed, extended, decommissioned or operated, or a
renewable energy installation is being constructed, extended, operated or
decommissioned, and the SoS considers it appropriate for safety reasons, he may
issue a notice declaring that specified areas are to be designated as safety zones.
Such zones are intended to secure the safety of the renewable energy installation or
other installations in the vicinity during construction, operation, extension or
decommissioning. Importantly, the purpose of the safety zone is also to secure the
safety of individuals in or around the installation, vessels in the vicinity and individuals
on such vessels. This is described further in Section 95 (2) Energy Act 2004.

The SoS may issue a notice either on application to him by any person or, where no such
application has been made, on his own initiative — see Section 95 (3) Energy Act 2004.

A notice under Section 95 may provide for the safety zone to vary, specify prohibited activities
and/or provide for vessels being permitted to enter the zone.
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3. SCHEME DESCRIPTION

3.1 Location and Size of Development

The proposed development site is located on and immediately adjacent to a sand bank, known
as Gunfleet Sands, which lies approximately 8.5km south-east of Clacton-on-Sea, Essex. The
GS1 project, which is already consented, lies to the immediate north west of the proposed GS2
development. The total area of the GS2 development is 7.5km? (compared to 10km? for the
GS1 development).

The boundary locations of the consented GS1 development and the proposed GS2
development are shown in Figure 3.1. This figure also shows the consented layout of turbines
for GS1 and the proposed layout for GS2.
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Figure 3.1 Proposed layout of GS2 (and consented layout of GS1)
The co-ordinates of the proposed GS2 turbines are listed in Appendix C.

3.2 Strategic Environmental Assessment (SEA) and Site Selection

In November 2002, the DTI published a consultation document ‘Future Offshore’ which outlined
a proposed strategic approach to the arrangements for site leasing for offshore renewable
development.
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This report identified three areas, the Thames estuary, the Greater Wash and the North West,
where potential for offshore wind development appeared the most promising. The Strategic
Environmental Assessment (SEA) of these areas carried out on behalf of the DTl was
completed in June 2003.

Crown Estate initiated a tender process for Round 2 in 2003 following the SEA process. One of
the project categories covered extension projects adjacent to an existing Round 1 project. A
proposal for an extension to the existing GS1 project was put forward by the developer Deltaic,
which was subsequently acquired by GE.

One of the criteria in the Crown Estate tender process was that projects could not be located
within an exclusion zone near the coast to comply with the findings of the SEA. This exclusion
zone has a minimum width of 8km but extends to 13km in areas of particular sensitivity. The
exclusion zone was proposed in recognition of the potentially higher sensitivity of shallow
coastal waters to wind farm development, in particular the possible disturbance to birds, the
visual impact from the shore, the potential impact on inshore fishing and recreational activities.
Developers were able to tender for any sites within the boundaries of the Strategic Areas other
than those located within this exclusion zone. In order to comply with this criterion, GS2 could
only be located to the south of GS1, i.e. outside the 8km visual exclusion zone.

Following issue of preliminary information to stakeholders about the proposed location of the
GS2 development, objections to the location of the site were raised by representatives of the
local commercial fishing industry. Whilst not objecting to the scheme in principle, local
fishermen did object to the proposed location of GS2, requesting that the site be re-located to
the top of the Gunfleet Sands feature, as for the GS1 project.

Based on these representations by local commercial fishermen, preliminary investigations were
undertaken by the developers to relocate the GS2 development within the SEA exclusion zone,
so that the "new’ turbines were also sited on the main sandbank. This option was discussed
with the Crown Estate and the DTI. However, following these discussions with the Crown
Estate, it was confirmed that locating any part of the GS2 development within this exclusion
zone would not be permitted as this would conflict with the findings of the SEA process.
Therefore, the proposed GS2 site remains in its original, proposed location.

3.3 Environmental Benefits

Once operational, the GS2 offshore wind farm will be able to provide clean, renewable electricity
to approximately 45,000 households. Compared to electricity generated from coal fired power
plants CO, emissions to the atmosphere will be reduced by approx. 180,000 tonnes when GS2
is operational. Likewise, reductions in SO, and NOx will amount to 2000 and 600 tonnes
respectively, when wind replaces coal as the energy source®.

34 Site Layout

3.4.1 Site Layout Considerations

The positioning of the turbines for the GS2 project is dependent on the GS1 layout. The turbines
will be positioned with the same distances and direction as GS1. The total area of GS1 is
10km?® and 7.5km?for GS2.

® The numbers used for the calculations are taken from http://www.bwea.com/edu/calcs.html
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The proposed site layout and pattern of the inter-turbine cabling array is presented in Figure 3.1
(above). A Coastal Protection Act (CPA) application was submitted in April 2007 to re-locate
the position of the GS1 offshore substation for GS1 to a new location (still within the boundaries
of the GS1 project). The rationale behind this application was that re-locating the GS1 offshore
substation would enable a more logical inter-turbine layout for the GS1 project and make it
possible for the GS1 and GS2 turbines to connect into the same substation.

3.5 Turbines and Foundations

3.5.1 Foundations

The GS1 project has consent for monopiles only, therefore the same foundation concept is
proposed for GS2. It is likely that monopiles with diameters up to 5m will be used, with overall
lengths of up to 75m and seabed penetration depth of up to 50m. Gravel/rock may be
considered for scour protection purposes. Predicted dimensions and material requirements are
set out below.

Dimensions Examples of the steel monopile foundation dimensions are given below:

e Outer shaft diameter: 4.5-5m
¢ Shaft wall thickness: 0.06-0.1m
e Overall length: 50-75m

e Sea bed penetration: up to 50m

*  Weight (dry): 300-700 tons depending on depth

Material Typical amounts per foundation:

Requirement

¢  Steel: 300-700 tons

*  Concrete for fixing of transition piece: 25-100 ton

«  Gravel/Rock for scour protection of monopiles: 150-1000 m?

Seabed Generally, will not be required, although some removal of obstructions
Preparation may be required.

Table 3.1 Foundation details for proposed GS2 development

3.5.2 Scour Protection

There are two main design options to address above seabed erosion:
1610}

1. Allow for scour in the design; or

2. Install scour protection such as rock dumping and/or matts.

The amount of local scour around a monopile without scour protection is expected to be less
than 3-4 times the monopile diameter i.e. 20m radius of scour protection. Allowance for scour in
the design will lead to increases in penetration depths and potentially wall thickness of
monopiles, and therefore additional fabrication and handling weights, both leading to increases
in the cost.

The use of scour protection of loose rock, rough gravel or mats around the base of the pile to a
diameter of 3-4 times the pile is the most likely solution, though the choice of solution can only
be made after detailed design of foundation, taking into account a range of aspects including
soil data, tidal, depth of water, foundation option, maintenance strategy and cost of options.
However, for the purpose of the EIA process, the use of scour protection, as described above,
will be considered.
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Installation will be undertaken using a specialised rock side dumping vessel. Once the vessel
has positioned itself alongside the specified rock dump location the hydraulically operated dozer
blades pushes the rock material over the ships side. Alternatively rock is transported to site by
barge where it is then grabbed and dropped onto location by excavating bucket (either
positioned on same barge or separate installation vessel).

The final option involves matts being transported to site on the installation vessel, whereby they
are picked up and lowered onto location around the base of the foundation.

The integrity of the installation will be checked on a regular basis by inspection of scour
protection which is likely to be undertaken at a frequency of 1-5 years. Maintenance of scour
protection may require periodic installation of additional scour protection material.

3.5.3 Turbines

This section provides details on the actual turbines that are proposed to be installed for the GS2
project. It is proposed that similar turbines to those used for the GS1 development will be used
for the GS2 project (see Table 3.2 for proposed turbine dimensions). A contract has been
signed with Siemens to supply 3.6MW turbines to for GS1. The intention is to purchase the
same turbines for GS2.

The total weight of a typical Gunfleet Sands turbine will be up to 1000 tonnes.

Phase Turbine Turbine Max hub Max hub Max rotor Max
Size (MW) size base height height diameter height
case (above (above (above
MHWS) LAT) MHWS)

GS1 3.6 3.6MW 80 84 107 131

(108MW)

GS2 3.6 3.6MW 80 84 107 135

(64MW)

Table 3.2 Turbine sizes and dimensions for GS1 and GS2

Phase Number of  Spacing Turbine Size Total MW

Turbines Base Case

GS1 30 435x890m | 3.6 108.0
(108MW)
GS2 22 435x890m | 3.6 64.8
(64MW) (will be reduced to 64MW to comply
with Crown Estate lease agreement
Table 3.3 Turbine numbers and spacing

With respect to blade clearance (airdraft) figures, based upon a 3.6MW turbine with a rotor
diameter of 107m, the airdraft at MHWS will be 22 metres. Although the consent for the GS1
project states that the clearance between lowest blade tip and sea level should be 20m at
MHWS, the GS2 project will adhere to Royal Yachting Association (RYA) guidance7 which
recommends a minimum of 22 metres at MHWS.

" The RYA's Position on Offshore Energy Developments. December 2005.
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Turbine Rotor Maximum Maximum Air draft-  Air draft-  Air draft-
diameter Hub height Tip MHWS LAT HAT
(meters) —-MHWS height — (meters) (meters) (meters)

(meters) MHWS
(metres)

3.6 MW

Table 3.4 Airdraft figures for turbines

The wind farm will be designed and constructed to satisfy the requirements of the Civil Aviation
Authority (CAA) and the Trinity House Lighthouse Service (THLS) in respect of marking, lighting
and fog-horn specifications. THLS recommendations will be followed as described in
“Renewable Energy Installation Farms and Fields-Provision and Maintenance of Local Aids to
Navigation by Trinity House” and “IALA Recommendation 0-117 on the Marking of Offshore
Wind Farms, edition 2, December 2004”. CAA recommendations on “Lighting of Wind Turbine
Generators in United Kingdom Territorial Waters”, September 2004 will also be followed.

The project met with THLS on the 5™ March 2007 where the markings, lighting and fog-horn
specifications were agreed.

All the wind turbines would be marked with clearly visible unique identification characters which
will be visible from all side of the wind turbine generators and will comply with requirements set
out in Maritime and Coastguard Agency Marine Guidance Note MGN 275, i.e. they should be
visible from at least 150m from the structure and be permanently lit by downlights to minimise
light pollution.

The colour scheme of the turbine tower, nacelle and blades is likely to be light grey RAL 7035,
white RAL 9010 or equivalent. The same colour scheme will be adopted for GS1 and GS2.

3.6 Electrical Infrastructure and Grid Connection

The only electrical infrastructure associated with the proposed GS2 development is inter-turbine
cables. The GS2 project will utilise the marine export cable, which is already consented as part
of the GS1 project, to bring electricity from the offshore substation to the onshore substation.

The electricity generated by the individual turbines is 690V, which is stepped up to 33kV for
transmission from the turbine. 33kV electrical cables will lead directly through the turbines into
the seabed. Small groups of turbines will be linked in series, with a cable leading to the offshore
sub-station. This means that if the cabling for a particular turbine needs maintenance work, only
a small group of turbines needs to be disabled.

3.7 Cables

The turbines will be connected to the step up transformers located in the offshore substation via
a network of array cables that are laid between wind turbines and the offshore substation. The
array cables will use a voltage of 33 kV. The total length of array cables for all phases will be
approximately 34km. The cable type will most likely be a Sea-armoured 3 core copper XLPE
cable.

For the connection from the offshore substation to the onshore substation, it is proposed that a
132 kV Sea-Armoured 3 core copper XLPE cable will be used.
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3.8 Offshore SubStation

One 132/33kV offshore substation would be
installed for both the GS1 and GS2
developments. It is proposed that the final
substation is located in an alternative position
in order to optimise the inter-turbine cable
configuration. An application to re-locate the
currently consented offshore sub-station was
submitted by DONG in April 2007 (see Figure
3.1).

Figure 3.4 Offshore substation at Nysted Offshore Wind Farm (Denmark)

The medium voltage cables will be collected at the offshore substation and the voltage stepped
up by transformers for onshore transmission. The proposed offshore substation is likely to
comprise the following main components:

¢ Medium to high voltage transformer;

e Auxiliary transformers;

« Batteries;

< High voltage(33kV/132kV) GIS (Gas isolated) switch gear;

* Diesel generator and tank; and

e Accommodation (emergency, permanent or semi permanent. Subject to O&M
strategy and safety case).

The GIS switchgear is isolated with approximately 70 kg SF6 to minimise the overall footprint
and size of the substation. Each HV power transformer will contain approximately 80,000 litres
of oil whereas the diesel tank will contain approximately 100,000 litres of oil. The equipment
containing significant quantities of oil e.g. transformer, diesel generator and tank will be bunded
with an open steel bund which can hold more than the complete volume of fluid.

Apart from the main equipment the offshore substation will include electrical panel boards for

control and relays, communication, stock and workshop for regular spare parts and smaller
reparations and emergency accommodation and safety equipment.
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The total weight of the substation is expected to be up to 1200 tonnes. The structure will be
marked similarly to the turbines in terms of navigation and aviation lighting.

3.9 Radar

In order to minimise any potential effects on the existing onshore radar mast supporting the
Vessel Traffic System (VTS) owned and operated by the Port of London Authority (PLA) at
Holland Haven, the project will install radar on the southeastern-most turbine of the proposed
GS2 development. The provision of new radar was agreed as a mitigation measure within the
GS1 project. Subsequent discussions with the PLA, have resulted in the agreement to mount
this radar upon a turbine, therefore removing the need for an additional structure within the site.

3.10 Wind Farm Construction Details

3.10.1 Installation of Foundations

In the UK, the steel monopile is the most common foundation type used for offshore wind
turbines mainly due to suitable ground conditions for the monopile option.

In the most frequently used version of the concept, steel monopiles are driven into the seabed
from a jack-up barge using a hydraulic hammer which is available in various capacities for either
operation above or below the water surface.

An alternative installation method includes drilling to assist piling operations (“drive, drill and

drive”). Drilling may be applied where ground conditions make driving impossible or difficult. It is
not predicted that the drive, drill, drive technique will be required on the GS2 site.

3.10.2 Installation of Turbines

With respect to the method of construction, installation of the turbines will typically comprise
multiple lifting operations whereby the topside modules are lifted into position on an already
installed foundation.

The topside modules (whether single or multiple) will be transported to site either on a transport
barge where it will be lifted off and installed by crane on a separate installation vessel or will be
transported to site on the installation vessel itself.

The installation vessel would either be of a jack up type or anchored floating vessel type.
3.10.3 Installation of Inter-Turbine Cables

The inter-turbine array cables may be installed using one of the three methods; ploughing,
trenching or jetting.

22



1. Ploughing A forward blade cuts through the seabed laying the cable behind. The blade and
the cable are dragged by a cable laying vessel. Ploughing tools can be pulled
directly by surface vessel or can be mounted onto self propelled caterpillar tracked
vehicles which run along the seabed taking its power from surface vessel. Both
methods may also be used in combination. The trench can either be backfilled
post cable lay or during cable lay operation.

Note:- That even if primary method eventually adopted of laying cables i.e. the
export cable is ploughing there will still likely be local spots that will require jetting
to bury and protect the cable i.e. for any jointing loops, corners areas whereby
plough unable to negotiate, cable crossings, exposed cables etc.

2. Trenching This method consists of three operations. First a trench is excavated while placing
the sediment next to the trench. The cable is subsequently laid in the trench and
lastly the sediment is returned to the trench. The sediment must not contain larger
rocks. Trenching is a difficult, long and expensive method to use compared to
other methods listed here however this technique may be required for small
sections of cable runs where other methods are not practical.

3. Jetting Two methods of water jetting are typically available;

Method 1: The cable is laid on the seabed first and afterwards a jetting sledge is
positioned above the cable. Jets on the sledge flush water beneath the cable
fluidizing the sand whereby the cable by its own weight is sinking to the depth set
by the operator. As the sediment is fluidized a minor amount of sediment spill is
expected as compared to trenching. The sledge is moving forward by the force of
the jets as they are aligned in backwards direction.

Method 2: In this method water jets are used to jet out a trench ahead of cable lay.
The cable can typically be laid into the trench behind the jetting lance. Jetting
tools can be pulled directly by surface vessel or can be mounted onto self
propelled caterpillar tracked vehicles which run along the seabed taking its power
from surface vessel. Both methods may also be used in combination.

Table 3.5 Potential inter-turbine cable installation methods

3.10.4 Construction Phase Safety Zones

It is expected that a 500m safety zone will be established during construction around any
installation where work is taking place. This is in line with DTI’s consultation document on Safety
Zones, published November 2006.

It is expected that the safety zone will encompass the entire wind farm area during construction.

However, an alternative approach which might be used is the use of a rolling safety zone which
is located around the area being constructed.

3.10.5 Transport of Equipment to Site

With regard to transportation, all major elements of the offshore scheme, including foundation
piles, blades, towers and nacelles will be transported to the site by sea. There will be no
requirement to transport any large-scale components of the proposed development by road.

A local port will be used as a construction, operation and maintenance base, with regular traffic
to and from the GS2 site to this port.
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3.11 Construction Noise

The following section provides details on the predicted noise emissions that will be generated
during the construction phase of the proposed GS2 development. For the purposes of the noise
assessment, the following key elements have been considered.

* Noise generated from foundation installation (via piling);
* Noise from general construction activity (non-piling);

* Noise produced by construction vessels;

* Noise produced from cabling; and

* Noise from the decommissioning phase.

3.11.1 Installation of Foundations

Steel monopiles will be driven into the seabed from a jack-up barge using a hydraulic hammer,
which is available in various capacities for either operation above or below the water surface.
For the purposes of this study, the foundation specification set out in Table 3.1 have been used:

The piling operations will generate both airborne and sub-sea noise and vibration. With respect
to sub-sea noise, data on the noise generated from piling operations was collected over the
period 10" July 2006 to 24" July 2006 from the Burbo Bank offshore wind farm site in Liverpool
Bay. Subacoustech Ltd collected the data under instruction from COWRIE. The data collected
is of relevance to the GS2 project as the monopile diamater at Burbo Bank was 4.7m, similar to
that proposed for GS2.

All underwater sound recordings were undertaken using low noise Bruel & Kjaer hydrophones
deployed from the side of the survey vessel. The hydrophone was attached to an anti-heave
buoy, which trailed behind the boat. During sound recordings the survey vessel's engines and
other equipment which might have interfered with the measurements, were turned off and the
boat was allowed to drift

Broadband sound recordings were undertaken at incremental ranges from the construction
operation. The first set of measurements was taken on 11" July at ranges from 100m to 15km
along a transect line on a bearing of 310°. The water depth along this transect varied from 7m in
the immediate vicinity of the pile to a depth of 24m at 15km.

The unweighted peak-to-peak noise level data with range obtained during this construction
operation is shown as ‘Transect 1’ in Figure 3.5. At measurement ranges from 100m to 5km,
there was a high level of signal to noise, and the individual pile strikes can clearly be identified in
the noise time history records. The data indicates that the unweighted peak-to-peak noise
varied from 207 dB re. 1 Pa. at a range of 100m to approximately 143 dB re. 1 Pa, at a range of
5km.

Data was also recorded at ranges of 10km and15 km, but with the high background sea noise

level on this night, the pile strikes are difficult to distinguish, and the data may therefore be
influenced by the background noise.
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The second set of data was obtained in the early hours of 16t July 2006. During this piling
operation the sea state was slight with a low swell. Initial measurements were conducted at a
range of 20km, along a bearing of 270° (Transect 2) in a water depth of 29m. Distinct pile strikes
(good signal to background noise) were recorded at a level of approximately 135 dB re. 1 Pa.
The survey vessel therefore moved out to a range 25km from the piling operation. At this range
the individual pile strikes were audible on the instrumentation headphones, but were difficult to
identify against the sea noise level in the noise time history data.

Figure 3.5 (below) shows the peak-to-peak un-weighted impact piling noise with range
measured during construction of the Burbo Bank offshore wind farm (taken from COWRIE,
2006).
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Figure 3.5 Peak to peak un-weighted impact piling noise with range measured during

construction of the Burbo Bank Offshore Wind Farm (taken from COWRIE, 2006)

Table 3.6 (below) summarises the measured noise data from the Burbo Bank monitoring survey
and compares it with measured noise levels from other offshore wind farms.

Site Pile Diameter Measured Noise Data
Burbo Bank 4.7m 249dBre.1_Pa@1m
Barrow 4.7m 252dBre.1Pa@1m
North Hoyle 4.0m 249dBre.1Pa@1m
Kentish Flats 4.3m 243dBre.1Pa@1m
Table 3.6 Measured noise data from UK offshore wind farm sites

From table 3.6, it is possible to note that measured noise levels at Burbo Bank correlated well
with the levels determined from measurements during construction of other wind farm projects.
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There is, however, considerable variability in the propagation of this sound with range. The
sound propagation data for Burbo Bank resembles that for other very shallow water sites with
silt and sand banks, where the sound propagation is probably dominated by interaction with the
seabed, resulting in both high geometric and absorption losses.

3.11.2 Noise from General Construction Activity

Based upon the principles and tabulated construction noise levels contained within BS5228 part
1, construction works associated with the turbine installation and cabling works would be
approximately 88-91 dB Laeqt at 10m. These levels assume that a crane, pneumatic power
tools, winching gear and generators are used.

Assuming that the percentage on-time of each item of plant is on average 50% of a working
day, then the resultant daily noise level would be in the range 85-88 dB Laeqtat 10m. When
combined with geometric spreading, the construction noise levels would be approximately 65-68
dB LAeg,12nr at 100m and 45-48 LAeg,12nr at 1km.

3.11.3 Noise from Construction Vessels

Construction vessels will be required to access the array site on a regular basis during the
construction period. It is considered that the noise impact associated with these vessels is
considered to be insignificant due to the already high levels of shipping traffic within the Thames
Estuary.

3.11.4 Noise from Cabling

Inter-turbine cables may be installed using ploughing, trenching or jetting techniques.
Regardless of the method adopted, the main noise source is predominantly the vessel itself and
the on-deck operations. Using similar activities undertaken at Shoreham Harbour, in Sussex,
predicted noise levels are in the range 65-75 dB LAmax at a distance of 200m from the cabling
works. This noise is considered to be insignificant, compared to the noise of the construction
vessels.

3.11.5 Noise from Decommissioning

During the decommissioning phase of the project, noise will be generated from the dismantling
of the turbines and foundations. No significant noise sources are expected during this phase,
apart from the use of vibrating hammers.

3.12 Operation and Maintenance

3.12.1 Operational Safety Zones

During operation a 50m safety zone may be required around each turbine structure in line with
DTI’'s Safety Zone consultation.

3.12.2 Operational Phase Noise

Noise emissions from wind turbines can be separated into two categories; aerodynamic and
mechanical noise. Aerodynamic noise occurs when the wind is passing the blades and
mechanical noise is emitted from the engineering components of the turbine such as gearbox
and generator. For the purpose of this assessment, it is predicted that the turbines will have a
Sound Power Level (SPL) of no greater than 110 dB(A) at hub height measured according to
BS EN 61400 111.
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3.13 Decommissioning of the Site

DTI issued a consultation document in December 2006 on decommissioning of offshore
renewable energy installations under the Energy Act 2004. The decommissioning process (as
described in the DTI consultation document) is outlined in Table 3.6 below:

Preliminary discussions with DTI initiated by developer

Issue of a notice by the Secretary of State requiring a decommissioning
programme

Detailed discussions; submission and consideration of a draft programme
(including proposed financial security measures)

Consultation with interested parties; DTI conducts decommissioning Appropriate
Assessment (where appropriate)

Formal submission of a programme and approval under the Energy Act

Reviews and modification of decommissioning programme (and any financial
security); review of conduct or decommissioning; Appropriate Assessment
(where necessary).

Undertake approved decommissioning programme

Monitoring of site

Table 3.6 Proposed decommissioning process for offshore renewable energy
installations

DONG will ensure that the financial security required by DTI will be established for
decommissioning of the wind farm.

3.13.1 Decommissioning of Turbines

Preparation before removal from foundation/transition piece will typically include;

* Removal of all loose Items from the structure;

« Disconnection of required electrical control and power cables;
* Removal of liquids such as lube oils / transformer liquids etc;
« Installation/certification of lifting points; and

* Hot bolting key bolts to aid unbolting process.

Once the preparation scope has been completed, it is expected that the tower, blades and
Nacelle will be removed by crane in reverse process of their installation. Sections, once
removed, will be placed onto a transportation barge that will transport them to shore, where
materials will be recycled wherever possible.

3.13.2 Decommissioning of Steel Monopile Foundations and Transition Pieces

Monopile/transition pieces will be removed by cutting the monopile at an appropriate depth such
that any pile remains left in the ground are unlikely to be uncovered. It is expected that cutting
will be achieved by use of high pressure water/grit jetting from the inside of the monopile, in the
following manner;
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* The seabed within the monopile is excavated to approximately 1m below required
cutting depth. Excavated soil which would be sand and silt through which the pile was
originally driven, would be disposed of on the seabed adjacent to the pile. Such
material is native soil and therefore uncontaminated;

< Aremotely operated High pressure water/grit cutting tool is set up within monopile at
appropriate cutting depth;

* Monopile /Transition piece is rigged up onto the decommissioning vessel crane;

< Monopile is internally circumferentially cut at appropriate depth;

< Upper cut section of monopile(including Transition piece) once cut free is lifted out of
water and placed onto Jack up vessel deck or floating barge; and

« Batch of recovered monopile/Transition piece sections are transported to shore for
recycle.

The material around the monopile may very well be consolidated and (depending on depth of
cut) require significant crane capacity to remove. In bad cases, it may be necessary to use
vibrating hammers as part of removal process to assist in separating the material from the pile.

Other methods of cutting the monopile, which are also possible, include;

*  Wire Cutting - This involves cutting through the monopile with steel cutting wire. The
cut would be carried out from the outside of the pile, requiring external excavation to
an appropriate cutting depth. The requirement to first remove scour protection from
around the base of pile makes this option less attractive; and

+ Explosives - Explosive cutting is also a well known method but it is not expected to be
first choice.

3.13.3 Decommissioning of Offshore Cables

The intention would be to only remove those offshore cables, sections of offshore cables or
cable ends which are uncovered. This will be determined by survey prior to decommissioning of
the site. Cables in this category will be removed by lifting cable ends onto the cable retrieval
vessel and the cables will be spooled back onto a drum.

A water jetting or similar tool would typically be required to assist the retrieval of buried cables.
Any sub-sea trenches left after cable removal will be filled by natural tidal action.

Exposed cable ends where a foundation has been removed will be buried to a suitable depth, if
the cable length is expected to remain covered and total cable removal is therefore not required

the reburying of cut cable ends is likely to be carried out by remotely operated vehicles.
Recovered cable will be stripped and recycled.

3.13.4 Decommissioning of Scour Protection

Seabed scour protection materials would not be removed during decommissioning. By their
nature these materials would be difficult to recover and should provide useful marine habitat.
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4, COASTAL PROCESSES

4.1 Introduction

This section of the ES provides an overview of the marine physical environment drawing
extensively on a wealth of data, surveys and technical studies provided to both the Round 1 and
adjacent Round 2 offshore wind farm development proposals. The structure for this section
includes a review of:

* Geology;

e Geomorphology;

¢ Coastal Process; and
e Water Quality.

The majority of the information presented in the following section is derived from the dedicated
coastal process assessment produced for this project by ABPmer. The full report is presented
in Appendix D.

4.2 Consultation

The project scoping report (DONG Energy, 2006) has facilitated a process of stakeholder
consultation and drawn out a range of site specific interests and issues to confirm the
requirements for further EIA investigations.

The scoping report outlines the methodology for additional coastal process studies assuming
that the project can be regarded as an extension to the Round 1 development that has already
gained consent for the major part of the total development. All effects already assessed from
the 30 monopiles case can therefore be scaled-up to reflect the moderate increase in turbine
numbers. No additional modelling is required as the assessment of effects for the GS2
development are considered to remain as described, being small-scale and localised to each
structure, i.e. there is no larger array effect.

On this basis, a three-staged approach has been undertaken for the EIA:
1. The description of the far-field baseline conditions remain as reported for GS1;

2. The description of the near-field baseline is extended to encompass the revised
layout and updated to reflect new data and understanding obtained since the
publication of the GS1 ES in 2002; and

3. The assessment of the likely significant impacts is drawn on considerations already
provided from the original coastal process assessment and has been updated to
consider the additional monopiles proposed for GS2. In addition, the further sediment
data recorded at for sites within the GS2 boundary provide the basis for determining
local scour and describing sediment mobility.

In regards to the marine physical environment key comments received from consultees are
summarised below in Table 4.1.
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Consultee = Comment

Port of Although the Outer Thames channels and banks are considered to be generally
London historically stable, some of the cross-bank channels have a tendency to migrate over
time. The Spitway channel may, as a result of migration, therefore move towards the
proposed turbines. This issue should be addressed within the coastal processes study
within the EIA.

The scoping report makes no reference to any sand waves or other mobile bed forms
across or around the bank. Further information should be provided on this issue within
the EIA.

The scoping report makes no reference to the potential for scour around the turbine
foundations. Further information should be provided on this issue within the EIA. We
will include a consideration of scour in our studies.

Defra Cefas would agree that the technical report produced for GS1 and its findings (ABPmer
2002) are directly applicable to GS2, in relation to the hydrodynamic regime and
sediment transport.

The three-stage approach proposed will be acceptable to address the coastal
processes element of the EIA.

Natural The scoping report suggests that coastal and sedimentary process will be adequately
England covered in the EIA, but we welcome the developer’s intention to agree the scope and
detail of modelling work with CEFAS and the Environment Agency. We would also
recommend that the effects of predicted sea level rise should be taken into account
when quantifying the existing and projected wave and tidal conditions at and around
the wind farm site.

Table 4.1 Stakeholder interests related to physical environment

4.3 Data Sources

The description of the local marine physical environment has been supported by a
comprehensive set of contemporary data sets and information which has previously been
collated for studies related to GS1. This includes a range of site-specific data sets:

e Broad scale sediment maps (BGS, 1990);

« Surficial sediment sampling (Titan, 2002a);

* Metocean surveys (Thales, 2002);

e Geophysical surveys (Titan, 2002b);

e Geological overview (BGS, 2002); and

« Coastal process investigations (ABPmer, 2002).

In addition, broader scale studies and recent research studies have also been reviewed:

e Contemporary navigation charts (UKHO, 1968, 1992);

* Broad-scale description of sediment transport (HR et al, 2002);

* Potential effects of offshore wind developments on coastal process (ETSU, 2002);

e Sandbanks, sediment transport and offshore wind farms (Kenyon and Cooper, 2004);

< Assessment of potential impact of Round 2 offshore wind developments on sediment
transport (ABPmer, 2005a);

* Generic research on seabed morphology and offshore wind farms (CEFAS, 2006);
and

*  Generic research on wave effects and offshore wind farms (CEFAS, 2007).
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44 Project-Specific Survey

A suite of new surveys has been completed to address specific gaps in available data across
GS2. These new surveys include:

* Additional sediment sampling and analysis (ABPmer, 2005b);
e Geophysical surveys (OSIRIS, 2006); and
e Geotechnical surveys (Seacore, 2004).

The combination of existing data, information and new project specific surveys provides a
comprehensive body of evidence to support the EIA.

4.5 Description of Existing Environment
4.51 Geology

The understanding of local geology has been gained from an overview produced by BGS
(2002), along with the site specific geophysical and geotechnical surveys. For the purposes of
the EIA, the geological evidence provides detailed descriptions of the sub-soil conditions into
which monopile will be piled.

Gunfleet Sand lies on the northern side of the London Basin Syncline and the solid geology
underlying the Quaternary sediments on the bank generally comprises the London Clay
Formation. However, due to a small, local, eroded anticlinal flexure trending north-west to
south-east, only basal members of the London Clay Formation, such as the Harwich Member
and older Palaeocene Woolwich Beds, are likely to be found underlying the sand bank within at
least part of the wind farm development site.

Gunfleet Sand is likely to have been formed during the Holocene transgression. With rising sea
level there would have been an increasing supply of sand released from the eroding coastline.
An initial accumulation of sand, perhaps associated with an obstruction at the sea bed, is likely
to have formed sand ribbons, which in turn would have progressed to a smooth or rippled sand
sheet. With a further supply of sand, this would have graded to megaripples and elongate trains
of small sand waves. With increasing sea level and as more sediment became available for
transport, the linear sand bank would have been formed. It is not known at exactly what stage
in the Holocene transgression the present tidal system established itself, thus dating the
formation of Gunfleet Sand poses a difficult problem.

In broad terms, however, it is thought that although the North Sea had reached its present
configuration by about 7,000 years BP, the Thames Estuary had not developed to its present
gross configuration until approximately 5,000 years BP.

The interpretation of survey data provides details of the geological succession across the area.

These detailed are summarised in Table 4.2, with an example of these sequences shown in
Figure 4.1.
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Unit
|

Description

Top layer of cross-bedded Holocene SANDS, with intermittent
layers of soft clay, making up the main features of the Gunfleet
Sand area.

Thickness (m)

10 - 14m across site.

No discernible trends.

Quaternary (Pleistocene) deposits, comprising mainly soft to firm
CLAY with sandy layers, together with intermittent layers of dense
SAND and GRAVEL, which generally occur towards the base of this
section. Acoustic masking occurs within this unit and is most likely
caused by the presence of biogenic gas, created by the
decomposition of organic matter within the sediments.

4 -9m.

Thicker along
southern boundary
and towards west.

data. This material is generally only present to the south and west of
a distinctive monocline feature, which traverses the GS1 site from
west to east, veering towards the south east to cross the GS2.

1l Stiff to very stiff fissured CLAY of the London Clay Formation 3-15m.
(Eocene). These beds are characterised by the presence of small- Significantly thicker t
scale faulting, which can be clearly seen on much of the geophysical elagsrt“ Icantly thicker to

\% Dense to very dense SAND and GRAVEL (Woolwich Beds - Not fully penetrated
Eocene). These beds include an intermittent uppermost hard layer everywhere, but
thought to represent the Harwich Stone Band. These strata may maximum thickness
contain coarser grained materials up to boulder size. greater than 30m

\Y, Siiff to very stiff CLAY of the Thanet Formation (Eocene). These 5-12m, but only
beds are present across the whole area, but are generally shallower | detected in 4
in the north and east, due to their uplift during the formation of the locations. Could be
monocline feature. present only as

isolated “lenses”.

VI The CHALK of Upper Cretaceous age. Chalk was identified in only Found at BH16, BH22,
four of the boreholes and its interface with the overlying Eocene BH26 and BH28, only,
beds is difficult to identify on the geophysical data. The borehole and at depths from 40
data indicates that the upper surface of the Chalk is covered by a to 48m.
thin layer of flint gravel

Table 4.2 Geotechnical units identified within the Gunfleet Sand development area (RPS,

2004)

The key consideration from the geological review is that the underlying geology appears
suitable for direct piling methods and there is no anticipation for drilling and arisings. In addition,
the potential for scouring around the monopile foundations remains within Unit | of Holocene
sand.

4.5.2 Geomorphology

Geomorphology is considered here as net changes in the arrangement of large-scale coastal
features measured over contemporary timescales. The primary geomorphological features are
the sandbank itself and its surrounding sandwaves.

Gunfleet Sand extends from the southern end of the Dengie Peninsula for approximately 40km
to the ENE, and is between 2.5 and 3.5km wide. At its inshore end it includes Buxey Sand, and
its most north-eastern tip is enclosed by Goldmer Gat. At the head and tail of the bank dries at
low tides, elsewhere depths are generally >0 to 2m CD. The bank is steeper on the north-
westerly facing slope than the south-westerly facing slope.
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Figure 4.1 Sub-bottom geophysical profile showing variation of geotechnical units (OSIRIS,
2004)

Evidence of contemporary change of Gunfleet Sand can be assessed from sequences of
surveys of the seabed. In the present case, the available data is in the form of editions of
navigation charts for the local area and detailed site-specific surveys of the wind farm site.

4.5.2.1 Chart comparison

Evidence on changes in the macro form of Gunfleet Sand is limited to two periods of modern
survey (single beam echo sounder) undertaken to produce Admiralty Chart 1975: Thames
Estuary — Northern Part. The pre-metric chart was produced from surveys up to 1968 and
illustrates Gunfleet Sand in much the same position as the later chart which is based on surveys
completed between 1985 and 1988.

It is to be noted that the 1968 chart illustrates the bank with extensive drying areas along its
entire length, including the position of the old lighthouse where the level of the bank is recorded
as 3 feet above CD. In comparison, the more recent chart shows this site to be permanently
covered by the tide in an approximate depth of 2.6m below CD of water, a change of depth of
around 3.5m. This local reduction is also generally represented across the majority of the
length of the bank, with drying areas now limited to 'seaward' and 'landward' ends of the bank.
The total drying area has reduced by around 74% of its original plan area over a 20 to 23-year
period and by average depths of around 1m. However, the overall position of the bank remains
unchanged.

For the area of the wind farm, the following observations are provided:

« In 1968 the top of the bank is represented on the chart as a relatively flat feature with
drying heights that cover around 40% of the GS1 site. From the 1985 survey
onwards, there are no longer any drying areas within the GS1 site;

« The approximate increase in depth between 1968 and 1985 is around 1m over the
length of the bank;

< Towards the 'eastern' end of the development site the depth contours have narrowed
on the top of the bank from 1968 to 1985 leading to some apparent 'reshaping' of this
part of the bank. In the same part of the bank the gradient on the southern flank has
reduced;

* In contrast, the other major sand banks within the Outer Thames Estuary (shown on
Chart 1975) indicate far less change in form and loss of drying areas than Gunfleet
Sand, although general losses are evident throughout the area; and
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* From consideration of the wave and tidal regime, it is possible to identify a
mechanism whereby refraction effects of offshore waves moving down East Swin
focuses wave energy towards GS1 and GS2. This mechanism would remain active
through the majority of the tidal cycle, as it is not fully limited by low water sheltering
from adjacent banks.

4.5.2.2 Comparison of local surveys

Two surveys are now available across the area local to GS1 and GS2, although the overlapping
coverage remains slightly different between each survey. These surveys span the period 2001
to 2005 and involve high-resolution surveys which are able to map out finer scale bedform
features, such as sandwaves (see Figure 4.2). Table 4.3 provides a schedule of these
geophysical surveys which includes bathymetry and sidescan data collection.

Date Coverage Method Bathymetric line Reference
spacing

2001 GS1 Single beam 50m Titan, 2001

2005 GS1 & GS2 Multi-beam Full coverage Osiris, 2005

2007 GS1 & GS2 Multi-beam Full coverage Osiris, 2007
Table 4.3 Schedule of geophysical surveys

This survey evidence indicates that from the shallow crest, the bank steepens down its north
flank into the Walllet in a fairly regular manner. There are signs of ridges on the seabed at this
point which are interpreted as well-cemented planar and cross-bedded sands, providing the
ability to maintain the steep slope. This relatively firm substrate forms the base upon which
there is a surface layer of mobile sands. The dynamic nature of the seabed is evidenced by the
transitory arrangement of small sandwaves and ripples.

Observed bedforms are represented as ripples and megaripples with crest orientation in a
general north to south alignment. Crest heights vary between 0.2 to 0.9m and wavelengths in
the range 9 to 16m. The asymmetry in these features indicated a south-westerly transport
direction along the southern flank and north-easterly direction along the northern flank, although
certain features are reported as symmetrical, particularly near the crest of the bank. On the
central part of the bank, and in the area where mobile sediments are thickest, a sequence of
sandwaves was observed during part of the 2001 survey, however, these features were not
evident later in the same survey and after a period of bad weather.

It is important to note that the 2001 survey offers a lower resolution than that obtained in 2005,
and additional data has been obtained from PLA to provide coverage across GS2 consistent
with the 2005 survey.

The following comments can be offered from a comparison between these two surveys:

« The general shape of the bank in this location has remained consistent with a shallow
slope from East Swin towards a narrow crest on the northern side of the bank and
running down a steeper slope into the Wallet;

* The flattest area of the site is on the western side; and

+ Between the two surveys some local changes can be seen in bed levels related to
movement of the mobile sands.
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Figure 4.2 Comparison between 2001 and 2005 surveys
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Further seabed features can be resolved from the geophysical surveys which includes the
identification of several wrecks. In some cases, and especially where prominent structures
protrude above the seabed, then local scour can develop. Figure 4.3 shows an example of
such scour around a wreck feature which is close to the location of the proposed radar mast
within GS2. For this example the shallow scour ‘tail’ extends around 120m from the structure.

Figure 4.3 Local scour observed around a wreck (OSIRIS, 2005)

4.5.3 Coastal and Marine Processes

4.5.3.1 Tidal Regime

The Outer Thames Estuary is open to tidal influences from both the North Sea and English
Channel, with the latter only exerting a moderate influence. The tidal range amplifies slightly as
it moves into the Thames, and locally the tidal range on Gunfleet Sand is around 4m on springs
and 2m on neaps. It is only on the extreme low waters that localised drying areas are revealed
on the banks.

The pattern of tidal flows through the Thames follows the alignment of the various banks and
channels. Locally there is a net residual clockwise circulation around Gunfleet Sand, with ebb
dominance through the Wallet and flood dominance along East Swin.

A metocean survey provides details of variation in local water levels, currents and waves at four
sites over the period January 2002 to February 2003. Figure 4.4 indicates the relative location of
each deployment, noting that the most eastern deployment (January to July 2002) resides
within GS2.
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Figure 4.4 Location of metocean deployments

The main observations from the tidal measurements are:

e Stronger currents are observed at the northern sites, with a maximum near bed flow
of 0.94m/s; and

« The ebb tide is stronger at the northern sites, and the flood stronger at the southern
sites confirming the clockwise circulation around the bank.

4.56.3.2 Surges

Surges are meteorological effects which are superimposed onto tidal movements. The effect of
North Sea surges in the Thames Estuary can lead to quite a pronounced variation from the
predicted tidal level and with near comparable amplitude.
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Previous analysis of surge records demonstrates that surge levels in the North Sea in general
are amplified progressively as they propagate southwards with the tide and towards the Thames
Estuary (Prandle & Wolf, 1978 and Heaps, 1993). This interaction with the tide generally leads
to the peak surge level in the Thames Estuary being in phase with the flood tide.

Evidence for surge influence on local tides is seen in the water level measurements from
Walton-on-the-Naze. Data for the period 2000 to 2002 have been provided by PLA and
includes analysis of non-tidal effects. These data also demonstrate that, for the period of events
considered, the peak surge level is consistently observed on the flood tide. An illustration of the
largest positive surge recorded during this period of data is provided in Figure 4 for an event
commencing on 29 January 2000 around midday. This event peaked initially on the evening
flood tide and then reached a maximum surge level of 1.82m on the following flood tide the next
day. The duration of this particular positive surge was over 24 hours, which is not untypical for
the North Sea.
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Figure 4.5 Measured surge events at Walton-on-the-Naze

The main consequence of a large positive surge is to elevate water levels over the duration of
the surge period, but with minimal effect on the tidal range. Consequently, these type of surges
result in little net effect on tidal flows.

4.5.3.3 Wave Regime

The wave regime within the Outer Thames Estuary results from a combination of north-easterly
offshore waves from the North Sea and locally generated wind-waves from the south-west, and
the interaction of these waves with the large shallow sandbanks and strong flows along the tidal
channels.

The metocean survey has recorded the local wave regime for a 12-month period and across
four locations around GS1 and GS2. Figure 4.6 presents this data in the form of wave roses.

A review of the measured wave data identifies that:
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» Local waves are typically fairly small, with the majority of recorded waves less than
1m (significant wave height, Hs), and with wave periods between 3 and 4s;

e Waves generally approach the bank from east and southerly sectors; and

« Waves at the southern sites are larger than those recorded at the northern sites
where additional shoaling will have reduced wave heights due to the shallow water
across the sandbank.

£9

10T E

Figure 4.6 Local wave regime

Across a tidal cycle the wave regime also demonstrates strong tidal modulations which are
directly attributed to additional sheltering offered by the large shallow tidal banks around the
period of low water. Figure 4.7 presents an extract of waves measured at GS2 during spring
tides which clearly demonstrates this tidal modulation, with periods around high waters required
to accept the largest waves.

Further consideration of the importance of extreme wave conditions has been considered to
assist engineering design. This analysis shows that design waves originate from extreme
offshore conditions with 1 in 10 year return period waves across GS2 generally less than 3.5m
in significant wave height and 6 seconds in wave period (ABPmer, 2007).
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Figure 4.7 Time series of waves measured at GS2

4.5.3.4 Climate Change

Climate change influences at offshore sites remain uncertain and are a subject of major
research programmes such as the UK Climate Impacts Programme (UKCIP). The most
probable effects relate to sea level rise and increased storminess.

Over short to medium term periods (months to years) the tidal signal in water levels can be
regarded as varying relative to a stationary level referred to as mean sea level, however, over
longer time periods (decades) mean sea level may vary in response to sea level rise (eustatic
changes) and changes in land surface elevation due to glacial rebound (isostatic changes). The
recommended value for flood and coastal defence planning for the south-east region of the UK
is 4mm/year to 2025 and then 8.5mm/year from 2025 to 2055 (DEFRA, 2006).

Adopting these predicted estimates of net adjustment to mean sea level equates to a net
increase in mean sea level of 0.36m over a 50-year lease period of the wind farm (using a start
date of 2010).

At the present time the potential for increased storminess is far more uncertain. Present
guidance (DEFRA, 2006) suggests an allowance of 5% increase for offshore wind speed and
extreme wave heights up to 2055, and a 10% increase thereafter. It has to be borne in mind
that these figures represent offshore locations only and such increases remain with high levels
of uncertainty and do not consider variations in directions or frequency of events.

For the Outer Thames, the prevailing wind is from the west (from the land) and these wind-
waves tend to be fetch limited, more so at low water. An increase in mean sea level and wind
speed is likely to result in a moderate increase in wave activity over the longer term, noting that
the fetch lengths will remain as present.

The combination of a modified tidal regime and more storms is a likely driver for further coastal
change within the Outer Thames Estuary. This is likely to be most evident along the shorelines
where much of the wave energy is finally dissipated leading to modified rates of littoral drift.
These predicted changes in littoral drift are separate to any issues related to GS1 and/or GS2.
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4.56.3.5 Sediment Transport Regime

Gunfleet Sands is one of a series of prominent sandbank features within the Outer Thames and
must be regarded as a sink for sandy sediment. Between the various banks, the tidal channels
have generally scoured away finer sediments to leave coarser sands and gravels.

Figure 4.8 illustrates an extract from the BGS map (1990) of surficial sediments with inclusion of
recent sediment samples taken within GS2 (ABPmer, 2005b). Across Gunfleet Sand sediments
are generally grouped as sands and sandy muds, whereas in the tidal channel to the north of
the bank known as the Wallet there is a marked change in sediment type to gravely muddy
sand and sandy gravely mud.

Summary details of the additional grab samples are provided in Table 4.4. The following
comments can be made:

e Sand is the dominant sediment type across GS1 and GS2;

* Sediments recovered from GS1 (samples G11 to G20) contain no gravel, and tend to
be either sands (uni-modal) or muddy sands (bi-modal and poorly sorted); and

» Sediments recovered from GS2 contain small amounts of gravel and a higher content
of sand, and tend to be moderately well sorted and uni-modal.

These differences are attributed to GS2 being on the southern flank of Gunfleet Sand and within
the influence of stronger channel flows moving through East Swin.
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Figure 4.8 Surficial sediment cover across Gunfleet Sands (based on BGS, 1990)
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Northing Grain Size Distribution Textural

Easting

Grou
(m) (m) %Mud %Sand %Gravel (Afterp Folk)
G10 |627292 (221927 |3.3 0.8 96.0 Gravel very well sorted |Unimodal
G11 |619860 |208200 |7.2 928 0.0 Sand Moderately well | ;imodal
sorted
G12 (621460 (209300 |82.7 17.3 0.0 sandy Mud Poorly sorted Bimodal
G13 |623450 [210655 [31.2 [68.8 0.0 muddy Sand |Poorly sorted _|Bimodal
G14 |620500 |207795 [0.9 99.1 |00 Sand well sorted Unimodal
G15 (619583 (205820 |80.2 19.8 0.0 sandy Mud Poorly sorted Bimodal
G16 [622500 |208750 [0.1 993 |06 Sand Moderately well ;o dal
sorted
G17 (618405 (211693 |[17.2 82.8 0.0 muddy Sand [Poorly sorted Unimodal
G18 (624290 (209915 |28.3 7.7 0.0 muddy Sand [Poorly sorted Unimodal
G19 (626982 (211693 |[47.0 |[53.0 [0.0 muddy Sand ‘ng'ftyezoo”y Bimodal
G20 (627511 (210455 |28.8 71.2 0.0 muddy Sand [Poorly sorted Bimodal
G21 (621583 |206467 |4.6 954 0.0 Sand Moderately well | ;imodal
sorted
G22 |622561 |207165 0.0 983 |1.7 slightly Moderately well ;i odal
gravelly Sand |sorted
G23 (623692 (207863 |0.5 89.8 9.7 gravelly Sand |Poorly sorted Unimodal
G24 (624977 |208813 (6.0 935 |05 Sand Moderately Unimodal
sorted
G25 [626220 [200693 [0.0  [100.0 [0.0 Sand Moderately well | ynimodal
Table 4.4 Summary of sediment properties from additional grab samples (ABPmer, 2005b)

An assessment has been made of the mobility of local sediments within GS2 in response to
measured wave and tidal conditions. An extract of this analysis is presented in Figure 4.9 and
related to thresholds for mobility of muds, sands and gravels.

This analysis indicates that all sediments are potentially mobile at some stage, with gravels only
occasionally mobile during peak flows on spring tides. This assessment indicates that the
seabed can be considered to be a ‘live’ sediment regime. This conclusion is important in
relation to risks of scour around any structures installed onto the local seabed.

The tidal regime at this site has previously been shown to be flood dominant and consequently
the net direction of sediment transport for GS2 will be to the south-west. This pattern is
endorsed by existing field evidence of bedform asymmetry and patterns of local scour around
wrecks.

Figure 4.10 presents an overall summary for net sediment transport pathways of sands in

transport around Gunfleet Sand, with the movement of sediment driven along each pathway by
the net tidal residual.
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Along with the sand transport pathways there is a population of finer grain sediments (primarily
muds and silts) which move in suspension. At times of peak flows the sand sized material may
also move into suspension creating enhanced levels of suspended sediment particularly near
the seabed.

Measurements of suspended sediment across the general area suggest that for the region
concentrations are typically in the range of 32-64mg/l during 'summer' increasing to 64-128mg/I
for 'winter' (HR Wallingford et al., 2002).

Local measurements in the Wallet show sediment loads in the range 12-102mg/| (near-surface)
with highest values recorded local to the seaward tip of Gunfleet Sand (HR Wallingford et al.,
2002); and from the metocean surveys near-bed concentrations of up to 579mg/l and 838mg/I
for northern and south sites, respectively.

It should be noted that surface measurements are likely to report weaker concentrations than

near-bed concentrations, as in mixed sediment regimes populations of coarser sand sized
sediments will remain 'near-bed'.

4.6 Impact Assessment

4.6.1 Potential Impacts during construction/decommissioning and operational
phases

The assessment of the likely significant impacts draws on considerations already provided from
the GS1 coastal process assessment (ABPmer, 2002) and updated to consider the additional
monopiles proposed for GS2. Where relevant, additional evidence from completed Round 1
projects has been used to further corroborate the general understanding of potential impacts.
Impacts discussed below cover both the construction/decommissioning and operational phases.
Impact Title: Potential impact upon local geology

During the construction phase of the scheme, up to 22 monopiles will be piled into the seabed
to a depth of around 50m. Given the overall long-term stability of Gunfleet Sand as a feature
within the Outer Thames there is considered to be No Impact on the local geology.

Mitigation Measures

None required.

Residual Impact

It is predicted that there will be No Impact upon local geology.

Impact Title: Potential impact upon geomorphological processes acting around Gunfleet Sands
The presence of up to 22 small-scale monopile foundations separated by around 890m in the
direction of sediment pathways is considered to have No Impact on the larger scale
geomorphology processes acting around Gunfleet Sand. Locally, wake effects in the flow
regime around individual structures will lead to the potential for scour. However, evidence from

the Scroby Sands Round 1 offshore wind farm demonstrates that sand waves and other
bedform features are able to move past such structures without hindrance.
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Mitigation Measures
None required.
Residual Impact

No Impact on larger scale geomorphology but some localised scour and scour wake effects are
predicted.

Impact Title: Potential impact upon the tidal regime
The coastal process study undertaken for GS1 (ABPmer, 2002) has previously concluded that:

« The general flow regime remains unaffected at short distances away from the
development site; and

* The installation of structures on the sea bed creates obstacles that interfere with local
flow patterns creating turbulent flows that may lead to scour development.

The same manner of effect is predicted for GS2. Most effects around small structures are likely
to dissipate within around ten diameters of the structure itself, which in the case of a 5m
diameter monopile is around 50m in the lee of the structure. The along row separation of 890m
is more than adequate to ensure that there is no opportunity for any wake to wake interaction in
the direction of the tidal flow.

Therefore, it is concluded that there will be No Impact upon the local tidal regime from the
proposed GS2 development, although there will be some negligible, localised disruption to
local flow patterns that may result in scour development.
Mitigation Measures
None required.
Residual Impact
No Impact upon the local tidal regime from the proposed GS2 development, although there will
be some negligible, localised disruption to local flow patterns that may result in scour
development.
Impact Title: Potential impact upon the wave regime
The coastal process study undertaken for GS1 (ABPmer, 2002) has previously concluded that
* The installation of structures on the sea bed creates local obstacles that have minor
effect in altering the passage of local waves;
« The primary effect on waves is refraction and scattering of waves off the structures;
and
* The scale of the structure in relation to the incident wave is at a level that diffraction
effects are not important. This conclusion is consistent with the subsequent research
completed at Scroby Sands (CEFAS, 2007).

The same manner of effect is predicted for GS2. Therefore, it is predicted that there will a
negligible impact upon local wave regime.

Mitigation Measures

None required.
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Residual Impact
It is predicted that there will a negligible impact upon local wave regime.
Impact Title: Potential impact upon the sediment transport regime

The probable impacts on the sediment transport regime relate to short-term sediment plumes
that may be generated during the cable laying process and scour around structures during the
operational phase.

The coastal process study undertaken for GS1 (ABPmer, 2002) has previously concluded that:

* The local modification to tidal flows and waves will create turbulent wakes in the water
column around each structure that will result in the potential for scour;

e The impact of the wind farm structures on waves and tides is not at a scale to that will
alter any of the far-field regional transport pathways. This conclusion is consistent
with the subsequent research completed at Scroby Sands (CEFAS, 2006); and

* Any material locally disturbed by the construction of the wind farm is likely to be
rapidly dispersed away from the site and will add to the background suspended
sediment concentrations. However, this process will be short-term as the site adjusts.

The baseline assessment for sediment mobility at GS2 has shown that there is a ‘live’ bed
regime, i.e. active in response to local waves and tides and provides a strong indication that
scour will occur around the base of each foundation in the absence of any scour protection.
Under steady flow conditions, it has been estimated that the equilibrium scour depth for a 5m
diameter monopile will be between 3.8m and 6.2m deep (n.b. the geological data suggests
these depths would not be impeded by underlying soils). The width of the scour hole is
predicted to be approximately 33m for the 3.8m deep scour pits and 48m for the 6.2m deep pits.
The spacing between turbines of 890m mitigates any risk of group scour across the array.

The conclusions for GS2 remain consistent to the field evidence reported from the Scroby
Sands offshore wind farm (CEFAS, 2006), noting that this site is also related to a sandbank with
a ‘live’ sediment transport regime. Importantly, the spacing of foundations for Scroby Sands is
only 375m. The key conclusions from the DEFRA funded research are summarised in Table
4.5 and presented in Figure 4.11.

Length scale (m) Type of Impact Significant Impact?
0to 100 Scour pits Yes, as predicted by EIA
100 to 1000 Scour wakes Not significant with respect to total volume change
> 1000 Sandbank morphology No evidence
Table 4.5 Scale of morphological features observed at Scroby Sands (CEFAS,
2006)

One of the interesting observations from Scroby Sands is the feature referred to in Table 4.5 as
a scour wake. These appear as shallow depressions extending away from the main scour hole
and generally extending in the down-drift direction of sediment transport.

A similar feature has been noted around the wreck in GS2 which has a scour wake which
extends to around 120m from the seabed obstruction. It is anticipated that similar features will
form within GS2 and will also be insignificant in relation to the overall (natural) volume changes
observed across Gunfleet Sand.
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Figure 4.11 Measured scour across Scroby Sands (CEFAS, 2006)

Therefore, with respect to changes in the sediment transport regime, it is concluded that there
will be a negligible impact upon Gunfleet Sand as a result of the proposed GS2 development.
However, it is predicted that a probable residual impact will arise via the formation of secondary
scour wakes which may extend from each turbine foundation as a shallow depression and for
distances of around 100m in the direction of net sediment transport. This impact is likely to be
comparable to the observed effect around the wreck and is judged to be of minor significance.

Supplementary studies have also been completed to consider the potential impact of sediment
plumes which may arise during the process